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DIOriONARY OF OHEIISTEY. 


MTACRXTB. A mineral from Brunswickia tho State of Maine, consisting of white 
p arly sciilos, liaving the fcol of a soft earthy tale, and containing, according to 
Thomson {Oiitlhm of Mincralogif, i. 244), 64‘44 per cent- eilicii, 28’84 ultlmina, 4*43 
ferric oxfd(‘, and 1*0 water ( = 9871). Taldte^ from Wicklow in Ireland, is similar in 
p! ysical cliaracter, but of different chemical composition, containing only about 45 per 
cent, of silica. A mineral also called nacHte from the mica-slate of the Alps, in which 
VatiqneJin found 60 per cent silica,^6 alumina, 6 ferric oxide, 1-5 limo and 17'5 
potash, appears to have been a mica- 

vrAGTAGXTZS. Foliated Tellurium^ Black Tdhmum, Tclbmtm-glamc, BliitUr* 
tdlur, BVdtknfz . — Native ielluride of lead and gold, occurring sometimes in dimetric 
ciY-stals, oP . 2 Poo , P, in which the length of the principnl axis is 1*298; deavngo 
basal; more frequently however in lameUur masses; sonu-tinios granular. Hardness 
— I — 1*5. Specific^ gravity, 6*85— 7'2. .Opaque, with metallic lustre and blackish 
If; d-grey colour ; streak tHo u^mo. dthj^ laminae very flexible. When heated in a 
tube, it gives off sulphurous anhydride, and yields a white sublimate consisting chiefly 
ot ellurous anhydride. Melts easily bofow tho blowpipe, burning with a blue flame, 
and forming on tho charc»)al a yellow deposit which disappears in the inner flame, and 
fli ally leaving a button of malleable gold. 

Nagyagite contains, according to tlio most recent analysis by Sch6niein ,>(Ann. Ch. 
Pbarin. Ixxxvi. 201), 9*70 per cent, sulphur, 30*09 tellurium, 50*95 lead, 9‘ 10 gold, 
0*53 silver, and 0*99 copper, agreeing with the formula (Ppb ; Au*).(To ; 8). Specimens 
analysed by Berthier and Vw)idvi {Ba^m4^heTy^9 Mimrakk^ p. 57) wore 
found txj contain antimony (3*77; — 4'66 per ceni;)* 

Nagyagite occurs in veins at Sfagyag <tnd Offenbapya in Transylvania^ associated at 
the former place mth sylvanite; silicate of mangimese, blendo^ an^ gold, and at the 
latter with antimony ores. It is also said to occur ' abijmdnn% at Wl^ near. 
Fredericksburgb in Virginia; 1850r^^^^^ 

IVARCBZG^vl^Fbn Braconnot’s name for the acid which h$ ^ the' 
wash -liquor of the preparation of wheat-staroh, shoith to be lactic acid 

(iii. 463). ’.li: ' 

RAPHXHJL 4 tierni applied by the older chi^ to a v&riety 5f 

volatile, mobile, strong smelling, inflammable liquids, Chiefly belonging to. the class of 
ethers; thn« the nitrate and acetate of ethyl were called N. 

mtri, it was restricted to the liquid hvd which 

issue fro^ certain loealities, and appear to be action 

of a moderate heat recently it kaa 

BO as to in(ja^ pf of 

orj aiiic substah^^^^^ are 

^ BogbeadHCifl^i^ Photogen:A^:^amffin oil^^ 

liqtid was originSfdlj|^|hbtjih^^^^b^ j®,jftlheral or Boghead 

coal at as low a temp%4tt^ ai knodfltlbat any cannel coal 

or even bituminous if wjectodi td the same 

products. ■; .y"' : 
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NAPHTHA. 


Tho cTudc distillate is a mixUire of several liquid hydrocarbons, together with acid 
and basic coinpomuls. When purified by redistiilation and subsequent treatiueiit 
with sLilphiiric add and caustic soda, it yields an oil consisting of a mixture of various 
fluid liydroenrbons holding paraffin in solution, lly distillation with water, it is 
separated info a volatile lirpiid (<a) lighter than water and confaiuing little or no par- 
nttin, and a less volatile liquid which contains paraffin, and after further purification by 
Kueecssive treninient with oil of vitriol and chalk, is well adapted for lubrieating 
Tnacliinery. When heated to between —1° and + C. (150° and 40^ K), it deposits 
a portion of the paraffin, the remaining liquid being a saturated solution of paraffin 
in the fluid hydroearbotiH. 

Tho voUitile oil («) is a mixture of a great number of hydrocarbons, belonging to 
three diftbrent series, viz., the oh*fl ties, C**!!-’" ; the benzene series, ; an<l the marsh- 

gas serie.s or alcoholic hydrides, To separate these bodies it is necessary first 

to subject the li(piitl to a long series of friictional distillations, wlu'rchy it is resolved 
into i)ortions boiling at intervals of 10'-\ and then to treat each fj-action, first with hro- 
niine to rdjoovathe olefines, and then with strong nitric acid which removes Vnoizene 
and its homologues. Tlio hydrocarbons remaining after these successive treatments con- 
sist of tho alcoliolic hydrides, The following have been separated : — hydride 

of Ivexyl, C®.irb boiling atfi8° ; hy<lridG of oetyl, boiling at 119°; hydride 

of decatyl, boiling at 159°; and hydride of dodecatyl, boiling at 202"’. 

Bone Tfaplitl&a* Hone oil^ D/jrpets anhnul oil, already described (i. 025), consists 
chiefly of a mixture of hydrocarbons w'hicli hav4‘ not yet been investigattul with c 4 ‘i-taiu 
volatile bases, viz. ammonia, pyrrhol (C^ll/'N), and bases of the series and 

homologous with etliyhimine and pyridine respectively, together with .smaller 
quaiititica,of acid.s. 

3. Caoutchouc XTaphtha or Cts^utchoiicin (i. 736), is for the mo.st part a 
mixture of polymeric liydroeaL-hons, chiefly caoiitchin and isoprene, 

4. Coal Hraphtlia is obtained by the distillation of . coal-tar (sec i. 1038). The 

liglit oil” after separation from the heavier ^creosote oil,” or “dead oiV”’ is rectified, 

whereby a further portion of heavy oil i.s sep:ipajted and ernde e o al-ii aph t h a is obtained. 
This is agitated with sulpliuric acid to free it from organi<*. bases, and the supernatant 
liquid, after fuither reel ification, yield.s the “ highly rectifiod naphtha” or “benzole” of 
commei\?e, which is ehiofly a mixture of five oily hydrocarbons of the bunzt?n(^ series, 
viz. bouzene, CMP, boiling at 80'4O; toluene CMP, at 114®; xylene, CMl*®, at 
126®; cumoiie, C‘TI‘% at 144°; and cym^ne, C‘®H*V at 177*5.® The liquid hydro- 
carbons of coal-naphtba boiling at higher tcpipcraturea have not been much studied. 
Ordinary coal-naphtha likewise contains traccis of olefines. 

The (fasic constituents of crude coal-naphtha, which aro removed by agitating the 
liquid with sulphuric acid, may bo obtained in tho free state by distilling the acid 
liquid with excess of alkali, and separated from one anothor, partly by fractional dis- 
tillation, partly by fractional cryst allisation of their platinum-.salts. The.so bases belong 
to twi/sorics, the one series cons i. sting of pyridine and its homologues, repre.sonted by the 
general formula *N, viz. pyridine, ; picoliiio and its isomer, ani- 
line, C“fPN; lutidine, CMPN ; and collidine, while the other series of 

bases,C®Il'“"~'*N, is isomeric with chinoline, C’TPN, and its homologues, viz. leu co- 
line, CMPN; iridolinc, C’WN; andcryp tidine, C"H"N (seeLEUCov.JNE, iii. 583). 

The alcohol -buses, (inethylamine and its homologues), w'hich occur in 

bone-oil, appear to lie altogether absent from coal-naphtha. 

Coal-tta^ also contains large quantities of naphthalene, C’®H® (p. 4). 

The “ dead oil” or less A’oiatile portion of coal-tar contains a considerable quantity 
of phenol, phenylic alcohol, phenic acid, carbolic acid, or coal-tar creqisote, C®lPO, 
together with several hydrocarbons of high boiling point, and existing at ordinary tem- 
pera turos as crystalline solids ; these have been but imperfectly examined. The last 
portions of liquid which pass over in the distillation of coal-tar contain two of these 
solid hydrocarbons, viz. chrysene, CTP, and pyrene, t|ie former being 

insoluble, the latter soluble in ether (see Chbysene, i. 968). The last semifluid 
portions of the tar also contain anthracene or par4naphthalene, C**H*®, which 
separates out in the sol^ state, when the semifluid oil ia exposed to a low temperature 
(see Pauanaphthxx-eee). / 

5. Mineral or W4tl^e BTaplitlw. Petroleum^ Rock-oil, Steinol.-^T\ns is an 
inflammable liquid of a moife or less 6irry consistence, which issues from the earth in 
various localities, occurring in large quantities in Persia, at Kangoon in the kingdom 
of Burmah, in Canada, and other parts of North America, and is generally associated 
with solid bitumen or asphalt, as in tho grei^t pitch-lake of Trinidad (i. 426). These 
naphthas consist almost wholly of mixtures of hydrocarbons ; the older analyses made of 
thorn are of little v^ue, because 'the proximate constituents were not separated with 
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pufficipnt care ; recently, however, tlio American petroleum has heen made the subject 
of an elaborate investigation by Peloiizo and Caliours (Ann. Cli, Plmrm. qxjciv. 
»^S0 ; cxxvii. 196; cxxix, 87), who liave showh that it is made up almost entirely of 
tile series of alcoholic hydrides. fi*om iiydride'^sf totryl, upwards, tho 

greater portion however consisting of hydride of hexyl, C®H’^ (sec llYDiaoKS, iii. 181). 
ItciKK*, and from t he composit ion of Boghead and eannol coabnaphtlia, it would appear 
tliat tJieseliydrides, homologous with mai*sh-g:is, constitute the chief products of the de- 
eomiKjsition of coal and bituminous substances at comparatively low temperatures (see 
Pj:ti{OLKi:m). 

llut'/ncr^r- 7 iaphtha or lianponn iar is obtained by sinking wells about 60 feet deep in 
tlv‘ soil, the liquid gradually oozing out and being removed as soon as a sufficient 
quantity has accumulated. There are about five hundred of these naphtha wells, yielding 
aiHUKilly about 412,000 hogsheads. Tliis naphtha contains about 11 per cent, of solid 
paraffin. l)e la Ttue and JVIiiller (Proc. ^io3^ Soc. viii. 221), by <listiiling the crude 
na|ilitlia in an alinosphere of steam, superheated for the higher temjieratures, liavd 
resolved it into tin' following portions: 

Free from paraffin . . .11 

A little paraffin . . . .10 

{ ContaiJiiiig paraffin but still fluid ) 

} at 0*^ .... f 

iSuffieiontly solid to be submit- J 
} ted to pressure . . ' 

Quantity of paraffin diminisJies . 21 

Pitchy matters . . . .3 

iCoke containing a little earthy? 
i ira5)urity. . . . i * 

100 


llrlow loo"" C 

11 ()0 to l lo'^ 

M/>° to melting point of lead . 

At al»out the melting ])oint of lead . 

Jleyond melling point of lead . 

Last distill<;d . . . . . 

Pesidue in slill . . . . 


The proiwtion of I lydrocarboris removable from the various distillates by strong sul- 
phuric acid, nitric acid, or a mixture of both acids, is in most ciuses small, increasing 
LCD ora 11}^ liowever with the boiling point of the liquid, and varying from oiio-tenth to 
iic.nly a third of the oornpoimd Iiydroearhon ; hence it is prolialffi* that this naplitha 
lik(;wi>5e consists, for the most part, of homologucs of inarsh-gaH. The hydi'ocarboiis 
removed by nitric acid consist of benzene, toluene, xylene, and cumene. 

6. Shale Draphtha. Shale oil, — ^I'ho^ajihlh as obtained by the dry distillation of the 
various bituminous shales or schist^* present great diversity of coiuposition, and but 
f<*w of them have hitlierto been submitted to careful examination. The bituminous 
shale of Dorsetshire, the naphtha from which has boon examined by C. Gr. Williams 
(( 'In ni. tSoc. Qu. J. vii. 97), contains much nitrogen and sulphur, arising to a great ex- 
triif from the presence of a Ini^e quantity of semi- fossilised animal remains. Hence 
tlic ermie naphtha is intolerably fetid. It may be sweetened and freed from its" basic 
.iiid acid constituents by repeated treatment with sulphuric acid and caustic soda, and 
then contains nearly the same constituents as Boghead naphtha, viz. benzene and its 
bfiinologue.s, various olefines, and small quantities of the bomologues of marsh-gas. 
Tli(‘ l)a.sic constituents r(.*moved by sulphuric acid consist of pyridine, and its homo- 
logiies ; the acid portion is chiefly plienic or carbolic acid. 

The French shale oils have been examined by Laurent and St.' Evre, but without any 
very satisfactory resullxs. Liiurent's analyses have been quoted by Gerhardt {TtaitSy 
iv. 423), to show that the hydrocarbons approach in composition to the formula mOH* 
(calc. 85-7 per cent, carbon ; anal. 85*6 — 86*2 cctit.). 

I^aurent, by subjecting the portion of slil%|^e oil boiling between 80® and 150® to the 
action of boiling concentrated nitric acid, obtained an acid which ho called ampelic 
a ci d (i. 201), having the composition of salicylic acid, and probably formed by 

the oxidation of one of the bomologues of benzene. 

Iffio various bitumens and asphalts, of which immense deposits exist in many Coun- 
tries, yield by distillation oils CQl* naphthas of similar nature to shale oil. 

The shale oil prc'pared at Reutling from “ Posidonionschiefe^/’ yields by distillation 
a small quantity of tar not exceeding 3*5 per cent. The hydiDearlwDS obtained from it 
are said to have a composition represented by the formula the greater portion, 

which boils between 160® and 175®, being C’S**. (Hatbordt, Ann. Ch. Pharni. 
exxiv. 14.) 

For further details respecting the prepartition, properties, and composition of the 
several naphthas above mentioned, see the jseriea of excellent artidee on Naphthas by 
D. Or. Williams in the new edition of IWb Dictionary of ArtSy IS^imvfactuTeB and 
Mines, iii. 220-233. " ^ 
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NAPIITIIADIL— NAPHTHALENE. 


ITAPHTBADZX^. A substance derived from mineral naphtha; it is black, with a 
weak greasy lustre ; copper-brown in fmcture ; does not change in the light, melts at 
the same temperature as wax, and bums with a clear flame. (Dana, ii. 470.) 

XT APHTBAXiAMIBE. Syn. VHth Phthalamide. 

XffAPBTKAXiASE. (Laurent, Ann. Ch. Phys. [2] lix. 326.)— To 

prepare this compound, nitro-naphthaleno is heated with great care with 8 or 10 
times its weight of hydrate of barium, tlie retort being filled up to the nock. Ammonia., 
naphthalene, and an oil. then pass over, while a thicker oil eoiidenses in tlio neck of the 
retort, and solidilies on cooling. In order to obtain the naphllialase, the neck of the 
retort is to be cut off near the bulb, and w'ashed with etlier, by which means the oily 
impurities and any naphthalene present are removed. 

Naphthalase is a yellow substance which .suhlimea without fusing at 250®. At a 
still high®r,^emperatur(! it melts apd boils, giving off a yellow vaponi* wliich condenses 
in small spangles, which are deposited in long yellow needles. It is insoluble in alcohol, 
almost insoluble in ether, $olublo in water. It.s must chanictcristic property is its 
power oj^olouring sulphuric acid a beautiful violet tint. The smallest quantity gives 
the reacHon, and the colour is not desti’oycd in hermetically closed tubes, even after 
the lapse of two years. 

Naphthalase does not appear to be destr 03 'ed by nitric acid, inasmuch as after being 
heated willi that acid, it still dissolves in sulphuric acid with a blue colour. Chlorine 
does not remove from it its power of colouring oil of vitriol. 

No success has attended the various efforts which have been made to isolate the 
coloured substance which naphthalase forms with sulphuric acid, with a vi(;w to in- 
dustrial purposes. C. G. W. 

XTAPBTBAXiSNZ:. Naphthaline, Naphthalin, C>®II*. (Garden, Thom- 
son’s Annals of Philosophy, xv. 74; Faraday, Phil. Trans. 1826; Keichenbaeh, 
Sehw. J. Ixi. 175; Ixviu. 233; Dumas, Ann. Ch. Phys. 1. 182; Dumas and Stas, 
ibid. Ixxxvi. 40. Laurent, Ixix. ,214; R6vue Scientif. vi. 76. Products of its 
oxidation: Ilovue Scientif. xiv. 660. Chlorinated and hrominated dcfivatives: Ann. 
Ch. Phys. xIlx. 218 ; lii. 275; Itevue Scientifl xi. 361 ; xii. 193; xiii. 66, 679 ; xiv. 74, 
313. Ntti'ic derivatives: Ann. Ch. Phys. lix. 376; R4vue Scientif. xiii. 67. Sulphu- 
ric acid derivatives : Ilcvuc Scientif. xiii. 687.) For an extended list of memoirs on 
naphthalene, see Gmelin's Kandhooh, xiv. 1. > 

History. — Naphthalene appears to have been first noticed publicly by Garden, who 
extracted it from the crude distillat o from coal It was also obsen’ed by K e i c h e n b a c h 
during his researches on destructive distillation. It was first analysed by Faraday, 
who not only determined its composition accurately, but also arrived at its true iitomie 
weight. The most laborious researches upon naphthalene were made by Laurent, 
who was more or less ciig^ed in studying it for neiirly twenty years. Some of the 
earliest and most decided instances of substitution of chlorine, &c., for hydrogen were 
discovered in the course of his studies of this hydrocarbon , 

Formation, — Generally produced when organic bodies are distilled per sc at. very 
high temptTatupcs. 1. By distilling coal. Whiito coal-tar is distilled, the naphthalene 
which it contains is found to accompany the liquids which come over at almost all the 
temperatures pbseiTed. It is, however, more abundant in the portions distilling about 
216®. Even the cymene distilling at about 178° is oficn so contaminated with 
naphthfilene as to be isolated only with the greatest difficulty and great loss. 
Naphthalene is often retained in a fluid condition in a remarkable manner by the 
substances which accompany it in the crude coal oil. It not unfrequently happens 
that a liquid which has remained fluid for months, even in cold weaitlier, may by 
repeated treatment with sulphuric acid, followed by refrigeration, be almost entirely 
converted into solid naphlh.^ene. It is also found in the tar of shales and analogous 
substances .aceompanying paraffin.— 2. Alcohol and ether vapour, and even olefiant 
gas and acetic acid vapour, yield more or loss naphthalene when passed through red- 
liot tubes. 

3. Petroleum and most essential oils passed through red-hot tubes also afford it 
(Saussure, Berthelo t). — 4. Camphor vapour passed over red-hot quicklime, yields 
naphthalene (Fr6my). From the above' considerations ft is not remarkable that 
naphthalene should bo foUnd in soot and lamp-black. Dumas at one time asserted 
that naphthalene exists ready formed in coal; this, however, has been denied by 
Reic hen bach. Since, however, it is certain that paraffin exists ready formed in 
Boghead coal and certain cannels, it is to be desired that this question should he 
determined more carefully. — 4. Sulphide of carbon vapour mixed with sulphuretted 
hydrogen, or a mixture of these two with carbonic anhydride, when passed over 
spongy copper or iron at, a dull red-heat, yields naphthalene and other products 
(Bert helot). Seine cheinical substances containing no hydrogen, such as the proto- 
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chlorifle of carbon, C“CP, when passed togetho^ with hydrogen through a red-Iiot lube 
ykJd naphthalene. (13 ert helot.) 

Vw-parution . — The quantities of naphthalene wlych are obtained as bye-products in 
the })re[)aration of coal-napJitha are so large, that even if a use for it Wi?re discovered, 
it would scarcely be necessary to take B])ecial measures for its extraction. It is often 
found in quantities (amounting in some cases to tons) in the tanks in wliicli pitcli-oil 
(heavy coal-oil) is stored. Coal-tar fn:>m which the lighter oils have been removed by 
a preliminary distillation is di.stilled in Large iron stills. The distillate is received in 
puncheons, and the j>rocess is carrical on until the liquid is heavier tliau water. Tlio 
hrst iiOO gallon.^ from a charge of 7000, contain but little najdjthaleiie ; all the rest of 
tlie distillate .abounds in it. 'JV> extract the naphtlialeiie, small quantities of sulphuric 
acid may be sliakon wdth the oil, and then aftiT settling for a short time, may bo run 
off. The supernatant oil on eoling to 0° dcqK>sits large quantities of the nttphthaleiio. 
On roi)eatijig the procc.ss more and more will be obt.aiiicd, until, in many instances, 
almost the wliolc will become .solid. Previous to- cooling it is sometimes advisable to 
distil the oil after the treatment with acid and rt?movaI of the tarry dcj>osit.=TDuriiig 
the distillation large quantities of sulphurous acid are given otT. Where a difficulty is 
found in getting tlu'. naphtlialeno to deposit, a treatment wdth a little bleaching 
powder, after the acid, and then distilling, will generally effect t he separatit)n. 

Purification. — The crude greasy iiaphthahme obtaincal .as above may bo drained on 
clofli straiiK-rs until most of the oil is removed. The remainder may then be got rid 
of by }n’esKure in strong bags. I^xposurc to the air for a long time greatly improves 
llie product. The roughly iniritied substance may thcji bo redistilled, the receiver 
being chang(!d when the [>roduct comes over colourless. To obtain it in large crystals 
i< may l)e nieUcd in basins on the sand-bath. Covers of paper should be pasti'd over, 
and care, should be taken that the basins are not. more than Imlf full. When the 
('(.uiteiits are melted and beginning to sublime, the wiiolo may be allowed to cool. 
W'Jn'ii quite C(dd a large quantity of colourless cry.stals will be Ibiintl between the cake 
of iiaphthalcm* and the paper cover. They may be removed with a fc‘ather. The 
residue may bo pressed to extract oily impupilies, and the proc('ss can be repeated until 
almost the whole has been converted into crystals (Otto). The' methods of purifl- 
cafioii given can be employed on any scale, ti*om the largest to the smallest, without 
fear of failure ; it. will be un necessary therefore to de.scribe other methods. 

Properties. — Naphthalene wdicii pure consi.st.s of brilliant white scaly crystals, very 
friable, strongly and unpleasantly odorous, and having a density of 11&3 at 18®, and 
of 01)778 in a melted state of 79*2°. As obtained by sublimation, the crystals are 
generally rhombic tables of 122® and 78°, the hexagonal form arising from truncation 
of the acute angles. According to Laurent, naphthalene may be obtained in mono- 
clinic prisms, by spontaneous evaporation from a solution in ether. According to 
C h a m b erla i n, it crystallises from turpentine in prismshaviiig pyramidal terminations. 
It melt.'^ at 79‘2° (H. Kopp), and boils, according to t he last observer, at 218°, the baro- 
meter standing at 7G0 mm. It .sublimes even at low terapt'rntiires ; distils readily 
along with fluid hydrocarbons, and evfen along with the vapour of water. On water it 
rotates somewhat like camplior. Its vapour-density is 4 '528 according toDum as, but 
as (lotermined by Natan.sou (in an apparatus enabling the volume of yapour to be 
measured in a. manner analogous to &ay-Lussac’s method), the value 4 '4 6 was 
obininod. Theory for two volumes, requires 4'43. It is insoluble in cold, and almost 
ijisolublci in boiling water ; dissolves readily in alcohol, ether, fatty and essential oils 
and most oils obtained by destructive distillation, whether hydrocarbons op oxidised 
brHlio.s. It also dissolves in acetic and oxalic a^d8» Its solution in turpentine is ac« 
compauiod by a fall in temperature. 

Decompositions. — 1. Naphthalene bums mth a dense smoky flame. (The condensed 
soot of naphthalene forms one of the varieties of commercial lamp-black.) When it is 
passed over rod-hot lime ov baryta, carbonate of calcium or barium is formed and hydro- 
gen is given off. — 2. By chlorine. Chlorine acts with enei^ on naphthalene, heat 
being evolved and hydrochloric acid formed. The mass at first melts, but on continuing 
the stream of gas it grad^i^ly solidifies ag^n. At this stage, the principal products of 
tbo reaction are hydrochloriite of chloronaplithalene, C'®H'0LJI01 (Gerhardt's chlo- 
ride of naphthalene), and dihydrochlorate of dichloronaphthalene, C*®H®CB.2HCh 
The continued action of chlorine cau-sea the substitution to go still furthep. The substi- 
tution of chlorine fop the hydrogen of naphthalene may bo coniinmxi until the whole 
is replaced, and the compound C*®C1* is reached. The hydrochloric acid produced by 
union of the hydrogen of the naphthalene with the chlorine is not given off, but remains 
in combination with the eblorinuted derived radicle; it may> however, removed by 
treatment with alkalis or by the action of heat ; the chlorin<^>whid». ^places the hydro- 
gen, on the other hand| is unaffected by heat or alkalis. 
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Laurent' 8 results assume a complicated appearance, owing to the circumstance that 
substitution-products of the same formwa may be obtained in several different ways, 
and any difference in the mode of preparation causes the resulting bodies, in the 
majority of instances, to vary in molting point, crystalline form, hardness or other 
characters ; they have been described by him us isomeric modifications, and indivi- 
dualised by characteristic letters. In some of the cases cited by Laurent, there is 
little doubt that the variations in properties wore duo to the different specimens not 
being in an equally high state of purity, but this will cerbiiuly not account for all ^le 
observed differences. 

3. By bromine. Bromine acts upon naphthalene, forming numerous coinpounife ac- 
cording to the manner in which the ingredients are allowed to react on each otlier. 
The reaction between the two substances is energetic, hydrobromic acid being liberated 
and substitution compounds formed. By acting with bromine upon chlorinated naphtha- 
lene, substances may b<! obtained having the same composition as those procurable by 
treating brominated naphthalene with chlorine. Accordi ng to L a u r e n t, some of these, 
although having the same crj-stalline form, differ according to the order of the formation. 

4. Iodine, fJwsphorus, sulphur, chloride of carbon, cyanogen^ and hydrochloric acid, 
are without action on naphthalene. An attempt to form the iodide of a more hydi*o- 
genated hydrocarbon, by acting with fuming hydriodic acid on naphthalene, gave no 
result, although the acid luid a density of 1*9 and w{is heated with the naphthalene in 
a sealed tube to 100° 0. (Possibly at a higher temperature the experiment might bo 
more successful.) 

5. Niiric acid acta upon naphthalene. If moderately strong nitric acid be added to 
naphthalene and allowed to iict at ordinary temperatures, nitro-naphthalen o is 
slowly formed. The nltro-naphthalene so produced may be converted into di-nitro- 
naph thaleno by boiling for a long time with strong nitric acid. The reaction does 
not take place very readily, but a mixture of nitric acid, Nordhausen sulphuric acid and 
nitro- naphthalene yields di-nitro-naphthalene readily, if heated to boiling in an apparatus 
allowing tlie vapours to becomo condensed and flow back. 

6. An oxidising mixture consisting of acid chromate of potassium with sulphuric or 

hydrochloric acids appears to form two compounds according to the shite of concentra- 
tion, the temperature, or other circumstances. One of these substances is said to 
have the formula C’'IPO^ and to be of a beautiful rose colour. It .uppi^ars to have 
feeble acid properties. Tlie other is said to coutaiu and to have more decided 

acid characters. The subject requires re-examination. 

7. UitrousacidMidi rtgwa-wyia both appear to yield nitro-naphthalen o and an oily body. 

8. Sulphuric acid forms several conjugated acids with naphthalene ; they will bo 
found described under their respective headings. 

According to Fritzsche, naphthalene may be made to unite with picric acid atom 
to atom, by dissolving the two substances in hot aJlcohol or benzene, and cooling. 

The limits of this w^ork will not- admit of an extended account of the vast number 
of substances obhiined by Laurent and others by acting upon naphthalene with chlorine, 
bromine, nitric acid and sulphuric acid. We shaU, however, endeavour to give, as con- 
cisely as possible, a brief statement of the nature and methods of produel ion of llie 
more important derivatives. For a full account, the reader is referred to Gerbardt’s 
Traith^ iil p, 413, et seq., and the* Cavendish Society's translation of Gmclin's Handbook, 
xiv. 1, et seq. In the first-named work the article on naphthalene occupies 61, and 
in the second 92 pages. 

Chlorine- derivatives. 


The table on p. 7 contains a list of the principal chlorides and bromides of naphtha- 
lene, They are decomposed by heat and also by alcoholic potash, hydrochloric or hy- 
drobromic acid being removed, and chlorinated or brominated naphthalene produced. 
The names as given by Gmclin generally accord with Laurent’s earlier views. 

The following table contains a list of the principal substitution-products derived 
from naphthalene Iw the substitution of chlorine or bromine or both for the hydrogen 
of najithalene. They are for the most part produced by treating the substances 
given in the table of chlorides and bromides with alcoholic potash. 


Chloro- and Bromo-naphthalenes. 


Chloronaphthalene , 
Bromonaphthalone 
Bichloronaphthalene . 
Bibromoptiphthalene . 
Trichloronaphthalene . 
Tribiomonaphthalene . 
Biomodichloronaphihalene 


, c^^irci 
. C*«H’Br 
. C'®H«C1» 

. C^H^Br* 

, C‘«H‘C1» 

. C'»H»BrCl* 


Tetrachlorottaphthaleno . 

Bromotrichloronaphthalene . C'®H^BrCl* 
Dibromodichloronaphthalene C‘®H*Br®Cl* 
Tetrabromonaphthalene . C*®H®Br* 

Bibromotrichloronaphthalene C‘®H®BrCl* 
Hexchloponaphthalene . C*®H*C1* 

Perchloronaphthalene • C’®C1® 
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We shall consider briefly the mode of pM|^tion of each of the substances enumerated 
in the above lists. ^ 

Dichloride of Naphthalene. Gerhardt’s Chloride of Naphthalme^ 

This, the first product of tlic action of chlorine on naplithalene, may bo prepared 
by passing chlorine over luiphthaleno until the product has passed through an oily 
stage and begins to become granular. The operation must not be carried so far as to 
chlorinate all the naphthalene. The mixture is to be healed in a dish for a long time 
to a temperMture between 50° and 60°, then dissolved in ether and cooled to — 10°, and 
the ethereal solution mixed with alcohol and oil exposed to the air until two-fifths of 
the oil have been deposited : this oil contains the oily chloride of naphthalene. The 
third fifth may also bo collected ; it is the solid chloride, C*"11®C1'‘, in a state of purity. 

Bichloride of naphthalen’e is oily, soluble in all preportions in ether, but less solu- 
ble in alcohol. On distillation it decomposes slowly, giving off hydrochloric acid, 
and yielding chloronaphthalene, C‘®I17C1. With alcoholic potash it yields the last- 
named substance and chloride of potassium. 

Dichloride of Dromonaphihalcnc. C‘®H^Br.Cl*. Laurents Suhchloride of 
Bronaphtase. Wlicii chlorine is passed into crude bromonaphthalcne, it thickens and 
deposits a crystalline matter. Ether is poured on the product, and the mixture is allowed 
to remain for 24 hours. Tlie oily portion is to be decanted, and the crystalline powder 
washed with <!ther and then dissolved in a large quantity of boiling ether. ISy sponta- 
neous evaporat ion the cliloride of bromonapthulene is deposited in small rhomboidal 
tables resembling those of dichloride of naplitlialone. The crystals are derived from an 
oblique prism with a rhombic base (Gerliardt, loc. eit.). Melts at 165°. • 

Dihromide of Trihromonapht h a I c n e. Subhromidc of Bronaph- 

tmu Produced, together with dibromide of dibromonapthalene when dibromonapbt ha- 
leno is treated witli bromine. On boiling the mixture with ether, the dibromido 
of tribi*omonaphthaleno dissolves, and on spontaneous evaporation is deposited as a floc- 
culeut powder consisting of white microscopic needles. It decomposes on distillation, 
giving off hydrobroinic acid, a littlo bromine, and a crystalline matter very slightly 
Boliible in ether. 


Tetrachloride of Nax>hthalene, Gerhardt’s Bichloride of naphthalene, 
C'®IP.CB. Hydroefdorate of chlororiajfhtalese , — This substance exists in two isomeric 
modifications. 


Modification o. — When a rapid current of chlorine is passed over naphthalene 
in rather large quantity (say one or two pounds) the naphthalene fuses, hydrochloric 
acid is disengaged, and, if the current he sustained, tho whole, after some time, 
begins to thicken again. The mixture at this point contains oily dichlorido of napli- 
thnlenc, tetrachloride of naphthalene a, the modification and tetrachloride of chloro- 
naphthalene, the last two in small quantity. Ether is to be poured on tho mixture to 
render it more fluid. After repose for some hours the oily portion is to be decanted and 
the residue thrown on a filter. After being well drained the residue is dissolved 
in benzene and allowed to cool very slowly. The tetrachloride soon begins to crj'stalliso 
out, and if the solution be tolerably large in quantity (half a gallon or a gallon) fine 
rhoinbohedrons will be deposited. The writer has sometimes obtained them nearly a 
quarter of an inch on the side. They are colourless, transparent and exactly resemble 
calc-spar. They also possess fjoweriully the property of double refraction. 

This modification of tetrachloride of naphthalene is inodorous, insoluble in water, 
slightly soluble in alcohol, moderately so in ether, but very soluble in benzene, 
rock-oil and analogous liquids. It molts at 160° and solidifies to a crystalline mass on 
cooling. If a crystal be added to tiio partially fused cliloride, the whole will solidify at 
about 150° in rhombic tablets. On the other hand, if the chloride bo perfectly fused 
and allowed to cool without addition, the mass sometimes solidifies at 150° in rhombic 


tables, and sometimes between 100° and 110° in concentric needles. 

It is decomposed by distillation, giving off hydrochloric acid and an oily matter. 
Only a trace of carbon (1 or 2 per cent.), remains in tho retort. The distillate 
consists of a mixture of four isomeric forms of dicliloronaphthalene. These products 
are always accompanied by a small quantity of undecomposed tetrachloride of naphtha- 
lene. Alcoholic potash converts it into tho t#o modifications e and of dichloro- 
iii|phthalcue. 

I j'Modificatim jS. — This variety of tetrachloride of naphthalene is distinguished from 
. its solubility in ether. It is formed, as abeady observed, at tho same time 
w^the inodification a when chlorine is passed over naphthalene. It is contained 
in fe^^ia fe^y jOrtion rendered more fluid by ether which has been directed to be poured 
portion which consists chiefly of a. The liquid containing ether is 
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to bo cooled to 0® and kept at that tompe| 5 tm*e for 48 hours ; it will then solidify to a 
mass resembling frozen olive oil. The Solio^ portion may bo collected on linen and 
freed from the mother-liquid by pressure. The solid is to be dissolved in ether con- 
taining about onc-tonth of alcohol. The solution left to spontaneous evaporation 
yields a crystalline mass containing both the modifications. The mass must be wcdl 
pressed, dissolved in boiling alcohol, and Tery slowly cooled. The first crystals which 
form will be almost pure a, the rest of the crops will be succes-sively richer in By 
repeated crystallisations from ether the latter may be obtained pure. Its purity may 
be known by its dissolving rapidly and without residue in ether. — It is colourless, 
inodorous, very soluble in ether, alcohol, benzene, and similar hydrocarbons. It crystal- 
lises in small l.-imelliB of indeterminable form which unite into globes often of consi- 
derable diairioter. Submitted to distillation it gives off hydrochloric acid, an oil, and 
tlie modification o of dicliloronaphthalene. Boiled with alcoholic potash it yields an 
oil and the modification /of dichloronaplillialene. 

B r 0 m otrichlori d c o f N a p h i h n I e n r, C ‘“H®.CPBr. — To prepare this subsl ance, 
tetrachloride of naphthalene (modification /8) is treated with bromine in a closed flask for 
48 liours; the mixture washed with warm alcohol t.o remove tlio excess of bromine and 
imdecomposed tetrachloride; and the crude dichlorobromido of nnphthahmo purified by 
crystiillisati(.ii from boiling ether. It is colourless, more soluble in ('f lu'rt lian the modifi- 
cation a of tetrachloride of naphthalene, but leas soluble than the variety )3. It is de- 
composed both by distillation and by alcoholic potash. 

'Tetrachloride of Chloronaphthalene. Gorhardt’s Bichloride of chloro^ 
naphihalcne. Laurent’s Chloride of cMoronaphtliasc. C''*ir/CJ.GP. — This substance 
may l)e prepared from the tetrachloride of naphthalene, and like that compound exists 
in two different modification.s, one being solid and the other an oil. 

Solid — According to Gerhardt, this is the most remarkable of all the 

uaplithalic chlorides for the size and beauty of its crystals. It may bo pi-epared by 
acting with chlorine upon tetrachloride of n:iphthal(Mu\ but tlie proc<'ss is very difficult. 

A mort^ advantageous plan is to heat the crude diehlorido with chlorine gas. This is 
th(! fluid portion which has been directed to be rcmhM'ed more li(jiiid by et.her in order 
to separate it more readily from the .solid ti'tracldoride of naplitbahme in the pi-ocess 
for tlio preparation of the modifleation a of that sulxstance (p. 8). The ether is ex- 
pelled % heat, and cJiloriiie passed through the oil for two or throe days. If the fluid 
f)ecomes too thick to allow of the passage of the gas, it must bo gontly warmed. A littio 
ether is then added to render the whole more fluid, and it is left at rest in a cool place. 

A crystalline deposit is then formed perfectly resembling the modification oof tetrachlo- 
ride of naphthalene (Gerhardt’ s bichloride of miphthaleno, C‘®H*’.C1*), The oily por- 
tion is removed hy decantation, and the deposit thrown on a filter and washed with a 
little ether to remove the oily portion which adheres to it. The solid is then dissolved 
in boiling; ether and put aside for several days in a fl;i.sk with a wide mouth merely 
closed with a piece of paper. The crystals wdiich form .‘ire sometimes a mixture of 
itiodification a of tetrachloride of naphthalene and the tetrachloride of chloronaphtlia- 
louc. I’he crystals of the latter are easy to recognise by their size ; they must be picked 
out wifh forceps and redissolved in the ethereal raotlier-liquid. They may be rendered 
perfectly pure by one or two reerystallisations fi^om ether. 

Vropvrtks. — Colourless, transparent, inodorous, insoluble in water, little soluble in 
alcohol, pretty soluble in ether, more so than the modification a of tetrachloride of 
naphtliMlene. Melts at 105®, and the liquid may be cooled to 64° without solidifying ; 
it then slowly assumes the form of nodules formed of concentric zones; the last portions 
remain viscid until they fall to the ordinary temperature. But if after heating to 106° 
or 110° a small fragment of a crystal be added, the liquid crystallises rapidly at 106°, 
forming fine oblique tables with a rhomliij base. 

It is entirely decomposed by distillation, hydrochloric acid being disengaged, arid 
the two modifications a and d of terchloronaphthalene formed. — Boiling nitric acid 
converts it into chloroxynaphtlialic, phthalic, and oxalic acids, with other products. 

Lhpiid modification. — This compound is the oily substance which has been directed 
to bo removed by decantation from the solid modification above described. Distillation 
converts it almost entirely into iho a modificalion of trichlororonaphthalene mixed 
with a small quantity of an oily matter. — Alcoholic potash produces the same results* 

Tetrachloride of Bichloronaphthalene, C’®H*C1*.CB. Laurent’s Ferchhr^ 
naphthalese. — This substance exists in three modifications, c, a, and x ; Ithey are 
duerd from the corresponding modifications of dichloronaphthalene. 

Modification c. To prepare this substaaice, the modification c of 
is kept in fusion and treated with chlorine ; no hydrochloric acid is - 

duct is to be washed with ether, dissolved in polling ether, and crysjjjljBPlIpg^Sii 
colourless, inodorous, not very soluble in ether, and less so in alcohol ; 
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The crystals obtained by spontaneous cTappration of an ethereal solution form brilliant 
oblique rhombic prisms. It is decomposed by distillation, yielding hydrochloric acid 
and tho b modification of tetrachloronaphthaleno mixed with a small portion of the a 
modification of the same substance. Alcoholic potash gives rise to the k modification. 

Modification a. An oily liquid obtained by treating dichloronaphthalene a with 
chlorine. Distillation and tho action of a boiling solution of alcoholic potash equally 
give rise to tetrachloronaphthalene a. 

Modification x. An oily liquid produced by treating dichloronaphthalene x with 
chlorine. Distillation converts it into tetrachloronaphthalene c. Alcoholic potash gives 
a similar product. 

Tetrachloride, of Dibromonaphthalene^ Ijaurent’s Chloride 

Bronaphthcsc. When chlorine is passed into fused dibromonaphthaleno, a very thick on 
is formed, which on dilution with ether deposits the substance sought in the form of a 
crystalline powder. It is colourless, only slightly soluble in alcohol or ether. Melts 
at about 165®, and on solidifying crystallises in prisms. On distillation it gives off 
bromine, a hydracid, bromotricliloronaphthalene /8, and tetracbloronaphtlialeno a. — 
Alcoholic potash transforms it into a substance crystallising in needles and soluble in 
ether. 

Tetrahromide of Dichloronaphthalene^ C*®H®CRBr*. JjsmrQxii! s Bromide of 
Chloronaphthase . — Prepared by tho action of bromine on an excess of dichloronaphtha- 
leiie c. Colourless, very slightly soluble in ether. Melts a little above 100®, turning 
red and evolving bromine. When it is heated until no more bromine be evolved, tho 
modification c of dichloronapbthaleno is regenerated. 

Tetrabromide of Bromochloronaphthalene^ C’®H*BrCl,Br*. Laurent^s 
Bromide of Ghlorobronaphthase, Prepared by treating chloronaphthiilene with bromine. 
An at^tive effervescence ('iLsiies, due to the disengagement of liydrobromie acid. If 
the bromine is in excess, crystals of the tetrabromide are formed on repose. It is 
purified by solution in a large excess of boiling ether. On cooling it is deposited 
in very small lustrous prisms. Before molting it becomes red and gives off bromine 
and liydrobromie acid. An oil remains behind which, like trichloronaphthalcne, solicli- 
lios on cooling in rectangular figures crossed by two diagonals bristling with needles 
parallel to each other. 

Tetrahromide of Dibromonaphthaleney C‘®in5r® Br*. — Gerhardt’s Bibromide 
of Bihromo7iaphiJudene,-~Vv(i'^iive>(^ by pouring bromine over naphthalene or dibromo- 
naphthalene. It is usually deposited after a few hours as a white crystalline powder 
which may be purified by wasiiing with ether. It is but slightly soluble in boiling 
ether, from which however it is deposited on cooling in microscopic rhombic tables. 
By distillation it yields liydrobromie acid, bromine, and tctrabromonaphthalene, 
which condenses in the nock of tho retort. — It is decomposed with difficulty by boiling 
alcoliolic potash. 

Tetrachloride of Dibromochloronaphthalene^ C‘®H*Br®Cl.CP. — Produced 
by the action of chlorine on tetrachloride of dibromonaphthalene. Melts at 160°, and 
on cooling crystallises in rhomboidal tables. If heated a little above its melting 
point, it remains soft and transparent on cooling, and only partially solidifies, forming 
an opaque mass without any crystalline appearance ; if then gently heated, it crystal- 
lises in rhombic tablets. It is only sparingly soluble in ether. 

It decomposes on distillation, yielding bromine, a hydracid, atid three other sub- 
stances, namely Laurent’s bromochloronaphthalene B, a chloride or chlorobromide 
fusible at 100®, and a small quantity of a substance which crystallises in small opaque 
needles. — A boiling solution of alcoholic potash converts it into the a modification 
of dibromotrichloronaphthalene, C*®H®Br*Cl®. 

Tetrahromide of Trihromonaphthalene^ C*®H*Br*.Bp®. — ^To prepare it, 
dibromonaphthalene is to he heated with bromine, and the action finished in sunshine. 
It may bo purifit»d by crystallisation from ether. It is but slightly soluble in ether. 
Its other properties do not appear to have been studied. By distillation it yields 
bromine and a substance not yet examined. 

Chloro^ and Bromonaphthalenes, 

Chloronaphthalene,C *®H’C1. Laurents Chloronaphthalase , — ^Prepared by boiling 
dichloride of naphthalene with alcoholic potash. On adding water to the product of 
the reaction, an oil separates which may be purified by distillation. It may also be 
prepared, but not advantageously, by distilling dichloride of na{|hthalene. 

It^is oily, colourless, soluble in all proportions in ether; distils without change; is 
not attacked by potash. 

jDecompqsed by bromine with effervescence, yielding liydrobromie acid and tetrabro- 
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mide of bromochloronaphtlmlene, C*"H®BrCLBr*. Chlorine converts it into a peculiar 
oil which yields the a modification of trichloronaphthalene when treated with potasli. 
Chlorine with aid of heat converts chloronaphthalene into tri- or tetrjichloronaphthalone. 

Bromonapkthale7ii\ — Prepared by the action of bromine on naphtha- 

lene, avoiding excess, which would cause the formation of dibromonaphthalene. It is a 
colourless oil which distils without alteration. Unaltered by an ulcoliolic solution of 
potash. Chlorine combines with it, yielding dichloride of bromonaphthaleiic, C*®H’Br.CP. 
bromine converts it into dibromonaphthalene and other brominated products. 

Dichloronaphthalene, C*®H“C1“. — This substance exists, according to Laurent, in 
seven different modifications, namely a, c, ad^ c, / x, and y. [The letters adopted as 
distinctive marks by Laurent have reference to certain pn>porties which the vsubstanees 
bearing them have in common ; thus the bodies marked a are always soft ; the only one 
marked b happens to bo brittle {eassant) ; those marked c are always in needles of 
113° or thereabouts; those marked c are in needles of 94°, and soon. The reason 
for the adoption of these special letters docs not secTti to liave bt'cn made ptiblic.] 
The modifications rt, and a-, are obtained by distilling the alplja modification of 
tetrachloride of naphthalene; ad and e by treating the tetrachlorides with i)ot.ash ; and 
another^ by submitting dinitronaplithalenc to tlie action of chlorine. 

The following table exhibits the principal properties of these suhstaiiccs. 


Bistinctioe Characters of the Dichlimmaphthalcnes. 



a. 

!• e. 

ad. 


/. 

X. 


Fokm. 

l.iiiuiU. 

N»'edlfs 

1 12° 3U'. 

Needles 

122°. 

N eedlcs 

Tables 

1030. 

Liquid. 

.Siihlimid 

lamina'. 

Meltino- 

I'OINT. 


60° 

28° to 30° 

31° 

101° 


06° 

pHonrcT 

with 

(hiLOUlNU. 

Oily tetra- 
cliloride of 
(iicliloro- 
iiuijiitlialeuo 
whicli i« 
converted 
by potaftli 
into tetra- 
chloronuph- 
thalcne a. 

Solid 

tetrachlo- 
ride of di- 
chlorouapti- 
thaleue. 

Dlchloro- 

naphtiialeue 

ac. 


of 

clilonaph- 

tuuc. 

Liquid te- 
traehloride 
of dichloro- 
naptUhalene, 
wbicit is 
converted by 
potasli into 
tetraehloro- 
naphthalenc 

f. 


I’KODUCT 

with 

Bkominb. 


Tetrabro- 
inide of 
dichloro- 
naphlhalcne 

Rroinodi- 
cbiorona|)h- 
tiuilcae a. 


Dlchlorodl- 
broinonaph- 
tiiulene b. 

A liquid. 



Dihromona'phtKalenCy C^®H“Br*. — Prepared by the action of bromine on naphtha- 
lene or bromonaphthalene- it may be purified by crystallisation from alcohol. Long 
needles, inodorous, veiy soluble in alcohol and in ether. Melts at 69°, and crystallises 
on cooling into a fibrous mass. It is volatile without decomposition, and is not attacked 
by potash. Bromine acts on it, giving rise to several compounds. — Puming sulphuric 
acid forms dibromosulphonaphthalic acid, 

Trichloronaphthalene, C**II*CP.%~According to Laurent, there are no fewer 
than seven isomeric modifications of this substance. It will be quite unnecessary to 
do more than quote the table on page 12, ^ving their principal properties. 

Tribromonaphthalenf, — Obtained by heating an excess of bromine 

with dibromonaphthalene. Pino yellow needles. Melts at 60°, and sometimes does 
not solidify until cooled to the temperature of the air. 

Bromodichloronapkthalene, C®®H*BrCP.— Several grammes of the modifi- 
cation ad of dichloronaphthalene are to be mixed in a flask imperfectly closed, 
with a slight excess of bromine. Hydrobromic acid is evolved, which, with the 
excess of bromine, may be removed by washing with a few drops of alcohol and a 
little ammonia. The residue is to be dissolved in boiling alcohol. On cooling, the 
hromodichloronaphthalene deposits in fine needles. The unattacked dichloronaphtha- 
lene remains in the alcoholic solution. 

This substance is colourless, tolerably soluble in alcohol, very soluble in ether ; and of 
the consistence of wax. Crystallises by spontaneous evaporation of solution 
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Distinctive characters of the seven varieties of Trichlorona^hthalene, 



.«• 

ac. 

c. 

ir- 

d. 

ad. 

. ae. 

Form. 

Six-sided 
prisms of 
120'^'. 

Six-sided 
prisms, 
rliumbus of 
113®. 

Long 
needles, 
rhombus of 
113®. 

Prisms ter- 
minated by 
needles, 
rhombu s of 
1300. 

Llkcg 
rhombus of 
124®. 

Silky 
needles, 
rhombus of 
122°. 

Needles of 
which the 
section Is a 
hexagon 
deri red from 
a rhombus 
of 122®. 

llAllDNliSd. 

Soft. 

Soft. 

Elastic! 

brittle. 

Utielnstic, 

britlle. 

Likeg. 


Soft. 

Miw.tinu- 

Fuint. 

7S<^ 

66® 

78® to 80® 

69® to 70® 

8 SO to 90® 

ICO® 

93® 

Statr 

alter 

Fusion. 

Salt rert- 
anxol.ir 
pa'allelo- 
grums. 

Same as a. 

'I’ransparent 
rosettes be- 
coming 
slowly 
opaque by 
repose. 

Tr.ms- 
parent 
rosettes be- 
coiuiiig 
suddenly 
opaque on 
contact with 
a for»-ign 
substance. 

Needles 
innir«J 
transparent 
becoming 
opaque on 
repose. 

Transparent 
rosettes be- 
coming 
optique on 
repose. 

Soft rect- 
angular 
parallelo- 
grams be- 
coming 
harder after 
a time. 

Kthek. 

Extremely 

soluble. 

Very 

soluble. 

Soluble. 

Soluble. 

Soluble. 

Slightly 

soluble. 

Less soluble 
than a. 

Alcohol. 

Very slight- 
ly soluble. 

Soluble. 

Soluble. 

Soluble. 

Soluble. 

Slightly 

soluble. 

More solu- 
ble than a. 


in six-sidod needles with angles between 120° and 121®. Melts about 80®, Pistils 
witliout decoTn])Osition. 

TetTachlorona%)hthalene^ C^®IPC1*, exists in four different modifications. 


Distinctive characters of the Tetrachloronaphthalene^, 



a. 

b. 

e. 

k. 

Elasticity. 

Soft. 

Brittle. 

Flexible. 

Flexible. 

Form. 

Six-sided prisms 
of 120®. 

Oblique prisms 
with oblique 
base of 103®, 
101®, 100°. 

Long needles, 
riiombus of 94°. 

Flat needles, 
rhombus of 
100®. 

Melting-point. 

106° 

125° 

1700 

125®. 

CUYST ALLIS A- 
TioN after 
Fusion. 

Microscopic 

rosettes. 

1 

Needles. 

Needles. 

Uosettes. 

Etheh. 

Very soluble. 

Very slightly 
soluble. 

Very slightly 
soluble. 

Very slightly 
soluble. 

NarKTUA. 



Very weak 
boiling solution 
becomes filled 
with long 
needles. 

Very weak 
solution 
deposits small 
needles grouped 
in masses which 
only fill a small 
portion of the 
liquid. 


Bromotrichloronaphthalene, C*®H*BrCl*, exists in three different modifica- 
tions, o, jS, 7, 

Modification a is prepared by the action of bromine on the modification a of trichlp- 
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ronaphthalene. It forma colourless six-sidod prisms with angles ~ 117^ 30', and two 
= 126®. Soft, like wax. After fusion it c^stallises in microscopic rosette.s between 
105° and 100®. Volatile without decomposition. 

Modification /8 is prepared by the action of bromine on dichloronaphthalene. It is 
like the a modification of tetrachloronaphthalcne, except that the crystals are better 
defined. Crystallises in six-sided prism.s, with four angles = 120® 30' and two « 119®. 
It is of the consistence of wax, and after fusion solidifies at about 100° in microscopic 
rosettes. 

Modijication y is prepared by distillation of tetrachloride of dibromonaphthalene, 
C»oil«I{r-.Cl‘. i)uriiig the operation bromine and the vapours of hydrobromie and 
hydrochloric acids arc disengaged. The receiver contains a mixture of trichloro- 
naphthaleno (modification a) and the y modification of bromotrichloronaidithalone. 
The first may bo removed by solution in other, a white pow'dor then remaining whicli 
on treatment w'itli a largo quantity of boiling ether, dissolves, and separates on sponta- 
uemis evaporation, in small brilliant prisms. 

Oblique prisms with oblique bases, the angles of the sides being 102® 30', and the 
inclination of the base to the sides being 101® and 103®. Very slightly soluble in ether 
and in boiling alcohol. Volatile without decomposition. 

Bibromodichloronaphthalen e, C'"H‘‘Br‘CP. — There are, according to Laurent, 
two isomeric modificaXions, a and iS. 

Modijication a . — ^Prepared by treating the variety f of dichloronaphthalene wdtli 
bromine. Hydrobromie acid is then disengaged, and in a few minutes tho fluid 
solidifies in needles, which are to be washed wdth cold ether and dissolved in a 
very small quantity of hot ether. By slow evaporation the substance is deposited in 
small but brilliant doubly oblique prisms, having the angles of the faces =? 101® 30' 
to 102° 50' and 101® 15'. It melts at 170®, and crystallises on cooling in flat 
needle.s. 

ModificafAon fi . — Prepared by tre.ating dibromonaphthalene with chlorine. Doubly 
oljlique prisms, melting at 166® and distilling without alteration. Solidifies ou cooling 
iiil,o a fibrous mass. Very slightly soluble in ether or boiling alcohol. 

Te trahro m onaphthalency C'®fI^Br^, appears to exist in two isomeric modifica- 
tions. When tetrabrornido of dibromonaphthalene is distilled, hydrobromie acid and 
bromine are disengaged, and a white matter distils, which contains two substances. 
To separate them, they arc first washed with ether and then introduced with 
more ether into a strong glass tube, which, after being closed at the lamp, is to be 
lieatod to lOf)® in a water-bath. On cooling, the tube is to b<3 opened and the 
substances removed. One crystallises in sliort brilliant prisms, and the other in very 
fine ne(nllcs. They may easily bo stparated meehanically. 

'retrabroinonapbthalene crystallises in oblique prisms w'ith oblique base, in all 
respects resembling those of tiic 5 modification of tetrachloronaphthaleno. Soluble in 
alcohol and ether. 'J'hey distil without alteration and rosi.st, the action of potash. 
Tile needles arc probably tetrabromonaphthaleno a; they are elastic, brittle, and very 
sliglitJy soluble in other. 

1) ihr o mo t r ichl or 0 naphthalene^ C‘®H’Br"CP. — This substance abso exists in 
two isomeric modifications. 

Modijication a may be prepan d liy boiling tetrachloride of dibromocloronaphthalene 
(C’H^Br-Ol.CP) with alcoholic potash. A while powder is obtained which may be 
dissolved in a very large quantity of boiling ether or benzene. Tho crystals can be 
obtained by spontaneous evaporation. Brilliant prisms belonging to the tricbnic 
system. After fusion it crystallises at 166° in long prisms. Volatile without decom- 
position. Umurted on by potash. 

Modification 3, prepared by the actio^ of bromine on tetrachloride of naphthalene 
in sunshine, is a white powder almost insoluble in ether, fusible, and crystallising on 
cooling in rectangular parallelograms crossed by two diagonals. 

Ilexchloronaphthalency C'*n”Cl®, is prepared by tho prolonged action of 
chlorine, aided by heat, on tho alpha modification of triehlororiaphthalone.^ If the 
product contains perchloronaphthalene, it may be purified by means of ether, in which 
the latter substance is comparatively insoluble. 

Six-sided prisms with angles of 120®, Of the consistence of wax, and may be bent 
without difficulty. Dissolves in about 20 times its weight of ether. Scarcely soluble 
in alcohol, but very soluble in benzene. After fusion it solidifies at 143® in microscopic 
rosettes. Volatile without decomposition, and, like its congeners, unattacked by 
potash. Even sulphuric acid dissolves only a very small quantity. It is with 
difficulty attacked by boiling nitric acid, which however finally transforms it into per- 
chloroxinaphthyl, C*®C1®0*. 

Perchloronaphthalene^ C*®C1*. — Prepared, like the last substance, by the pro- 
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longed action of chlorine on alpha-trichloronaphthalene kept in fusion. The hex- 
chloroiiaphtlialono may be removed by ether aud tlie perchloronaphthalene may be 
obtain(?d from th(^ rcsitlue by boiling it in benzene or petroleum. 

Pale yellow needles, or very brittle, four-sided prisms, of which the angles are 112° 30', 
and 67° 30'. Very .slightly soluble in ether, even on boiling. Volatile without 
decomposition and unattacked by potash. 

In addition to the above chlorine and bromine, compounds, Laurent has described a 
number of sub.stancos containing fractional parts of atoms of chlorine, bromine, and 
liydrogen. Many of these substances appear to bo mixtures, but others have resisted 
fill ctlbrts to separate them into bodies having more satisfactory formulm. It is 
however observable that the substances may bo traced to the parent hydrocarbon by 
adiling the fractional atoms together; thus Laurent’s bromide of hronwphihinc is repre- 
sented by the formula Now since 5-6 + 2*6 = 8, the hydrogen is 

all accounted for, and the substance would appear to be tetrabromide of naplithalene, 
in which 2’5 atoms of hydrogen are replaced by 2*5 atoms of bromine. It will not- be 
necessary to do more than give the following list of substanees described by Laurent 
containing fractional formulte. Tho names arc those of Laurent. 

Bronaphlhine 

Bromide of broiiapht liine .... C'^H^-^^Br^-’-Br* 

Chloride of chloronaphtane .... 

Chlorophtoiie F 

Chlonaphtliahino A 

Chlorebronaphtiiio C*®H‘'-®Br'^Cl- 

Bromide of chlorcbroiiaphtiue . . . C'®IP-*Br^-®01- 

CJilorenbronaplUouo B .... C‘®H‘‘‘*Br“Cl'’® 

'Bromenchlonai)litosc A .... C*“lPBr‘**Cr"'® 

Bromaiichloiiaphtone A . . . . C*®H^’®Br-*CP 

Bromoclilonapiitune B .... C'®BrCP'®iP-' 

Laiu’e.nl’s vowel system of nomenclature can only be applied with difficulty to such 
combinations as the above. 

Chioro7iajththalic acid, C*®H‘’ClO^ Wlicn tetrachloride of ehloronaphthaleno 
is boiled with nitric acid, and ether poured on the oily product, chloride of ehlorox}'- 
naphthalcne is precipitated, and may then be boiled w ith alcoholic potash in which it 
is comidetely soluble. On diluting with a small quantity of water and neutralising 
witli an acid, cliloronajihthalic acid crystallises out on cooling (Laurent). Accord- 
ing to Wolff and 8trecker, this proce.ss, instead of yielding the ordinary yellow barium- 
salt, sometimes gives a purple-red salt, possibly of a more highly chlorinated chloro- 
naplithalic acid. 

Tho acid forms long, yellow, transparent needles, unaffected by exposure to the air. 
Melts about 200°, and ou cooling crystallises in lamime. Distils without decomposition. 
Has the same formula as chloroalizarin. — Nitric acid converts it into phtlialic and 
oxalic acids. — It is not reduced to alizarin by potissium-amalgam or by tho voltaic battery. 

CJdoronaphthalate of ammonium forms radiated crimson needles. The potassium-salt 
forms carmine coloured needles, containing when dried at 100° 18*07 per cent. K‘0. The 
barium~mlt, C'®H^ClBaO', prepared by precipitating a solution of the ammonium-salt 
with chloride of barium, crystallises in orange-coloured silky needles. The strontium- 
salt forms orange-yellow needles; the calcium-salt, orange-coloured needles. The 
aluminium-salt is an orange-coloured precipitate ; tho cadmium-salt is a vermillion- 
coloured precipitate which under the microscope appears in cruciform crystals; the 
cobalt-salt, a crimson precipitate becoming brown on drying, verrnilli on -coloured 
under the burnisher. 'J’hc copper-salt is a crystalline crimson-coloured precipi- 
tate ; tho ferric and ferrous salts are brown precipitates ; tho lead-salt a gelatinous 
orange-red precipitate; tho silver-salt a gelatinous blood-red precipitate. When pre- 
pared with heat, it forms a carmine-coloured crystalline precipitate. Mercury-salts. With 
solution of corrosive sublimate, a solution of chloronaphthalate of ammonium gives a 
reddish-brown precipitate. 

Chloronaphthalic acid almost rivals turmeric and litmus in its sensibility to the 
presence of alkalis. Paper stained with an alcoholic solution (very dilute), if exposed to 
ammoniacal vapours, instantly assumes a more or less deep red colour. 

"Eitro-cempounds of Naphthalene. ♦ 

Nitronaphthalene, C*®IHNO*. Preparation . — ^By far the most convenient method 
of preparing nitronaphthalene is to expose naphthalene to the prolonged action of cole 
nitric acid of moderate strength. For this purpo.se the hydrocarbon in small pieces oi 
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crystals IS to be placocl on the surface of nitric acid, of specific gravity 1*33. Large shal- 
low evaporating basins are the most suitable vessels for llie purfjose. Six pts. nitric 
acid will suffice to convert 1 pt. of naphthalene. After exposure for some time, it will 
be found that tlie naphthalene has fused into a cake. It may then bo cut with a piece 
of sheet glass or a platinum knife into small pieces which, after draining on a funnel, 
may be broken up in a mortar and returned to the acid. This is to be repeated as often 
us the mass becomes caked, about a week being required to complete the process. No red 
vapours of any consequence are evolved, and there are no secondary products formed. 
WJieri tlio action is completed, the product is to bo broken small and drained on a fun- 
nel until no more acid liquor falls. It may then be washed with cold water. The final 
piii ification may be effected by one or two crystallisations from boiling methylated spirit. 
By this process even hundredweights may be prepared with the greatest ease. 

Propertks.--VvL\ci yellow prismatic needles derived from prisms of 100° and 80°, flic 
acute angles being truncatei Melts at 43°, the temperature rising to 64° at the ino- 
iin'iit of solidification. Volatilises almost without decomposition, if carefully heated. 
If the heat be applied rapidly, it decomposes with ignition and deposition of carbon. 

Decompositions. — 1. Ferrous acetate rediiec's it to naphtliylumiiie, as also does sul- 
phide of ammonium (see Naphthylamine). — 2. Sulphite of ammonium converts it 
into naphthionic and thionaphthamic acids. — 3. Heated with 7 or 8 times its weiglitof 
hydrate of calcium ov harium^ it yields Laurent’s naphtase. — 4. Chlorine aided by licat 
converts it into an oil which, when treated with potash, yields the a modification of tri- 
ehloporiaplitlialene, or sometimes tctrachloronaphthalene. — 6. Bromine aided hy heat 
yit'Ids bydrobromie acid and dibromonaphthalene. — 6. Fiiyninq stdphuric acid 
it into nitrosulphonaphthalic acid. — 7. Heated in a water-batn with a part of 2 pts. 
hydrate potassium and 1 pt. fresh hydrate of calcium,, as little water as possiljle being 
used, it decomposes completely, yi(dding the potassium -salt of nitrophtlialio acid.— 
8. Wlien it is heated in a retort with hydrate of potassium and slaked lime to a f (‘mpe- 
raturo of 140°, and oxygen passed over it, the gas is slowly absorbed and the mixture 
liecoiiK’s yellow. Tlio operation takes ten or twelve hours, at the end of which time 
the oxidation of the nitroriaphtlialeiic is almost complete. The alkalis have then 
entered into union with a substance whicli Dusart calls nitroxynaphthalic acid. (See 
N ITIlOXYNArilTHATJC AciD. ) 

Din itro naphthalene, — Naphthalene or nitronaphthaleno may be 

converted into this compound by long Ijoiling w'ith nitric acid. The operation is to 
be c!oritiiiued until tho oily layer solidifies entirely on cooling, the product being 
washed on a glass funnel with w'utor, and crystallised from alcohol. It forms very 
small needles which crystallise from a solution in nitric acid in rhombic prisms of 67° 
and 113°. Melts at 185°, and maybe sublimed in small needlc's. WJion su<Wenly 
heated, it decomposes violently, with ignition and deposition of carbon. By prolonged 
boiling it is converted into Iriiiitromiphthalene, ChloHne produces di- and trichloro- 
riaphthalcne. Sulphide of ammonium converts it into seminaphLhylamino. A feebly 
ammoniacal boiling solution is reduced by .siil})hide of hydrogen to ninaphthylamino 
(Wood), Its alcoholic solution is converted into nitrosonaphthylin in contact with 
zinc and hydrochloric acid. (Perkin and Church.) 

Trinitronaphthalene, C*®IPN*0®. — This compound exists in three forms, a, ^ 
and 7. 

Modification a. — When naphthalene is boiled for a day or two with strong nitric acid, 
colourless crystals are formed which are a mixture of dinitronaphthalene and tnnitro- 
naphthalene, a and j3. The dinitronaphtlialene and a substance called by Laurent nitro- 
naphthaleise may be removed by ether. The residue is to bo boiled with only enough 
alcohol to dissolve half of it. By spontaneous evaporation the trinitronaphthalone ot 
will be obtained mixed with needles whiqkmay be removed by agitating the liquid and 
pouring off the suspended crystals. 

Ilhombic tablets, jpale yellow, inodorous and only very slightly soluble in boiling 
alcohol. Volatile without docom^sition when carefully heated, but decomposing with 
violence when heated rapidly. Melts at 210°, and solidifies into a fibrous mass on 
cooling. 

Chlorine first turns it red and then decomposes it. Alcoholic ^tash in solution evolves 
ammonia, yielding a red solution from which acids precipitated brown or black flocks. 

Modification fi. — The residues of the preparation of modification o are to be mixed, 
and boiled with nitric a^jid for 6 or 6 days. On cooling needles are obtained which are 
to be washed first with nitric acid, then with water, and finally with alcohol. They are 
colourless at first, but become yellow by exposure; melt at 216°; decompose with 
ignition when heated in close vessels ; Veiy sbghtly soluble in boiling alcohol or ether, 
less so in fact than any other of the nitronaphthalenes. 

Boiling alcoholic potash, turns the compound orange-red at first, then brown. Acids 
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precipitate from the alkaline solution a brown substance. Boiling nitric acid decom 
poses it according to Laurent, which is strange, considering its mode of formation. 

Modification y, called also Maritjnac's Trinitrona'pfUhalenc. This substance constitutes 
the chief part of the insoluble residue remaining when dinitronaphthalene is pre- 
pared by boiling naphthalene with nitric acid without the aid of fuming sulphuric acid' 
This residue is to bo washed with wat.er and extracted by cold ether which dissolves 
tlie trinitroiiaphtlialeno 7 , and yields it on evaporation as an adhesive resinous mass. 

It is pale yellow, crystallises in a pulverulent form from a solution in boiling alcohol. 
Melts below 100 °. Almost insoluble in boiling etlier, and only sparingly soluble in 
boiling alcohol. When carefully heated it sublime.s, but if the heat be applied rapidly 
it dcconipos(is with explosion. Solutions of the caustic and carbonated alkalis dissolve 
it with a fine red colour, the solution gradually becoming black. From the alkaline 
solution acids precipitate brown Hocks, having, according to Marigmtc, the formula 

Laurent has described several other eompoiincls derived from the nitron aphthalenes 
by substitution of one or more atoms of hydrogen by l^romine and chlorine ; they are 
not however of any very special interest. 

Sidphuric derivatives of iSaiih-thalene, 

For the numerous products of the action of sulphuric acid upon naphthalene, see 
SuLPHONAPHTHA-LlC AciD. 

Products of oxidation of Naphthalene, 

The following products of oxidation of naphthalene will he found under their pro- 
per headings, Nxpiitiialase, Napiithrsic Acid, Naphtuulmin. 

Uses of Naphthalene, 

The enormous quantities of naphthalene which are produced during the distillation 
of coal-tar arc seldom or never extracted from the ‘pitch oil.’ Gn^at efforts have 
boon made to find a use for it, but none have been entirely successful. Lamp black 
is sometimes prepared by condensing the dense smoke which buiming naphthalene 
evolves, 

A French surgeon, M. Emery, has employed naplitlialene in the treatment of certain 
skin diseases. Ho tried it on fourteen patients in the hospital of St. Lonia, and 
twelve were cured. In the two cases which failed one was a woman oO years of age, 
who had been afiliclcd for eight years with 2 )S 07 iasis (/prata : the other was a young 
man who had suffered for oiglit years with Irpm vuhjaris. The latti>r case was cured 
by a two months’ course of pitch ointineiit. Tiio rnoile in which M. Fitticry applied the 
naphthalene was in the f<;rm of ointment in flu* strength of 5 ss to of lard. Tho in- 
fiammation which sometiinos supeiwencs must be combated by poultices. 

Great efforts liave also been made to produce fast colours from naplitlialene, but up 
to the present lime the results have not been succes.sful. There is no doul>t wlmtoA’er 
that in a few years, perhaps in a few month.s, the difficulties in tho way of utilising 
naplitlialene will he overcome. 

The action of rediu*ing agents, such as z.inc and hydrochloric acid, upon dinitronaph- 
thalcne gives rise to nitrosonaphtliylin, a beautiful colouring matter. The same com- 
pound also affords colours wlieii heated witli stannous chloride and cyanide of potassium. 
The close relations which appear to exist bi'tweeii the formula? of alizarin and some of 
the derivatives of naphthalene have long led to a hope of the artificial formation of 
the former substance. Indeed M. Roimsin, by reducing dinitronaplitlialeno with suL 
phuric acid and zinc, produced a colouring matter which was for some time considered 
to be alizarin; subsequent re.soarchcs however sliowod that the conclusions which had 
been formed regarding M. Eoussin’a substance were too hasty. In fact naphthazarin 
yields only sombre shades, which liave not been found of industrial importance. 

Tho beautiful substance obtained by Messrs. Perkin and Church by acting upon a 
salt of naphthylamine with nitrite of potassium, and to which they have given the name 
of Hzodinaplithyldiamine. (see Naphthyi.amine), yields superb-coloured derivatives, some 
of which can easily be nppliod to tissues ; they have not yet however been successfully 
fixed. C, G. W. 

srAVBTKAXinr. 

r Syn. witli Is APHTHAI/BNB* 

N'APBTBAXiXM'Ii. > ^ 

ir APHTBAXiO-CTABZC and STAPBTBAXiO-STnbPROGTAM'YC ACXBS. 

Syn. with Cyanate and Sui.phocyanatb of Nafhtuyl (p. 19), 

SrAPBXHAXMEBZXrS. Syn. with Oxynapiithvlaninb. 
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KTAPHTHESIC ACXD. C^WOfi. Preparatmi . — According to Luuront, when 
naphthaleno is treated with acid chromate of potassium, water, and sulphuric acid, 
a violent reaction takes place and naphthcsic acid (and sometiTiies a rose-coloured 
substance, carminaphthovc is formed. The mass, after tlio reaction is over, 

is to be treated with w'ater and thrown on a filter. The solution, al'tt'r th« lapse of a 
considerable time (two months), deposits ci7st:ds of ehroine-aliini, which in time become 
covered wltli white warty granules. The latter are to be dissolved in alcohol, ami the 
solution after filtration is to be evaporated, when the naphlbcsic acid will remain as a 
crystalline mass. 

PropertiiS . — lihombic neetjlcs of 58° and 122°. Melts below 100° and may bo 
sublimed at a higher temperature. Soluble in alcohol, almost insoluble in water. 

C. G . W. 

nrAPHTHXOirXC ACX1>. (^'’ir-'N.vSO^ Snlphonnphthalidnmic acid. (Piria, 
Aim. Chim. Phys. [3] x\xi. 217; Gm. xiv. 110; Gerh. iii. 409.) 

Preparation . — One part of nitronaphthaleno, after being washed witli water until 
tho nitric acid used in its preparation is removed, is w'armed with 5 parts of alcohol 
uTitil dissolved; and 5 parts of solution of sulphite of amnit'niiim. specific gravity 
1‘24, are added. The mixture, if kept gently boiling, deposits acid siil|'l(ito of 
ammonium, and acquires an acid re.iclion. Carbonate of ammonium in powder i.s 
then to be addeil until the acid reaction disappears. After boiling a sbort time 
the acid reaction again Ijccomes apparent, and must be de.sfroyed as before. The 
boiling is continued until iio t urbidity is observed on adding a drop of the liqiiiil 
to water. The liquid Ibrins two .strata, tlie upper containing thioiiaplithamale and 
uaphthionale of ammonium, and the lower sulphite ami sulphate. The upp«*r layer 
is to be separated and evaj>oratod over a lamp to an oily eon.sistence and tliim |)Ul, 
aside. After sometime it l»ecomcs converted into a mass of orange-yellow crystals of 
thionaphthamato of ammonium. The mother-liquid, w'hich contains the najilithiouale 
of amnion i urn, is heated to l(>0°and mixed with hydrochloric aeitl, which precijiitate.s 
the naphthionic acid. It is now to be washed with water and with alcohol, unt il tin* liquids 
come away colourless. Tlie naphtliionato of ammonium i.s tlien to be converted into 
a calcium or sodium-salt, which may be purified by repeated erystalli.sat ions ; and, when 
it has become colourle.ss, it is once more dissolved in water and precipitated by a 
slight excess of hydrochloric acid. The acid thus precipitated is washed with waitt'i* 
and then with alcohol. As moist iiaplithionic acid is easily altered by contact with 
air, it is necessary that tho water u-sod for washing it be freed from air by prolonged 
ebullition. 

Proj)erties. — As precipitated from a warm solution, naphthionic acid forms small 
light colourle.s.s crystals resemliling asbestos. It is tasteless and inodorous ; reddens 
litmus paper. It is only slightly soluble in w'atcr, 2000 parts of t he latter dissolving 
only I part at ordinaiy teinporaturcs. It is only slightly soluble in alcohol. It 
completely saturates alkalis, but its salts with heavy metals have an acid reaction. It 
evolves acetic acid from acotatris even at ordinary temperatures. The crystals are 
rendered anhydrous by a temperature of 100°. 

Decompositions. — 1. on platinum, it burns and evolves sulphurous acid, giving 

off an infiammable vapour having an odour recalling that of bitter almonds ; it leaves a 
large carbonaceous rc.sidue. — 2. Moist naphthionic acid is deeonipo.sod by exposure to 
the air. — 3. It is not decomposed by boiling with concentrated hydrochloric acid, 
—4. Concentrated sidplmric acid dissolves it with the aid of heat. The solution is 
transparent and colourle.ss; it may be heated to nearly 200° without decomposition, but 
about 220° it begins to blacken and give off vapours of sulphuric acid. — 5. Con- 
centrated solution of hydrate, of sodium does not attack it. — 6. Dilute nitric add is 
without action on it, hut when conceArated, especially if it contains nitrous add^ it 
converts it into a brow’ii resin. — 7. Chlorine passed into a solution of a naphthionato 
turns it brown and precipitates a resinous substance. — 8, Add chromate of potassium 
aided by heat acts like chlorine. The presence of sulphui’ic acid accehjrates the decom- 
position. 

Saints of Naphthionic Aero. —The naphthionates are all soluble, and crystallise easily 
from a solution in weak alcohol. Solutions of naphthionates are opalescent, and when 
viewed at different angles transmit beautiful red, blue and violet colours. Excessively 
weak solutions produce these effects, a solution of naphthionate of sodium containing only 
aooiooo being capable of showing the phenomenon. 

The aqueous solutions of tho naphthionates of the alkali-metals are not precipitated 
by acetic add even when heated ; but the alcoholic solutions treated with acetic acid 
yield a small precipitate of naphthionic acid. — Ferric chloride added to a solution of 
naphthionate of sodium, gives an abundant brick-red precipitate which turns brown 
when heated.— JPZatewic chloride gives a yellow precipitate.— of silver gives a 
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white crystalline prccipilate. TricMoride of gold turns the solution of naphthionate of 
sodium purple, aiul f'ives a precipitate of metallic gold. — Mercuric chloride affords a 
white precipitate. — Sulphate of copper turns the solution yellow, but gives no pre- 
cipitate. 

Naphikionate of Ammonium. — Very soluble in water and alcohol ; crystallises with 
difhi-ulty. 

Naphihionatr of Barium . — This compound is best prepared by double decomposition 
of a solution nf nai^lithionate of sodium with chloride of barium ; for this purpose 
2 parts of naphthionate of sodium and 1 part of chloride of barium are to be dissolved 
in 10 parts of boiling water. The naphthionjito of barium cryslalJises out on cool- 
ing, and may be rendered perfectly pure by two recrystailisations trom boiling 
water. 

Two different kinds of crystals of this salt may he prepared by regulating the 
temperature at which the solution cry.sta.llise.s. If a small (piaiitity of liquid be 
employed, micaceous lamiiue form iu the Iluid while still warm. The crystals so formed 
have a slightly violet tint. If Ihc solution, on tho other hand, is more dilute, 
it does not begin to crystallise until after complete cooling; tho salt then assumes 
the* form of large transpareiit rhomboluxlral laminaj. It is moderately soluble in 
water. 

Naphthionate of Calcium, — When crude, naphfhionie acid i.s 

boiled with milk of lime, the filtered solution evaporated ovt't tlve water-bath, and 
then left at rest, bulky reddish crystsds are deposited wliich may be purified by wasliing 
on a funnel w'ith cold alcohol, which dissolves re.sinous impurities. The salt thus 
partially purified is to be dissolved in boiling water, ilecolorised I y animal charcoal 
and set aside to crystallise. It crystallises in wdiito semi-transpai'nit lainium having 
a fatry appearance. Individual crystals appear colourless, but when seen in masses 
they possess a very beautiful rosy tint. Very soluble in water, aliiv-ist insoluble in 
iilcoliol. It has TK) action on vegetable colouring matters. 

Naphthidiuitc of J.ead, C‘‘'’Il*“id/'N-'8‘'()®.'2ll*0,piroparod by double deccunposition of a 
Boliition of na]i!Uhioiiato of sodium with nitrate of lead, forms short reddish needles, 
slightly soluble in water, but insoluble in alcohol. Hoddens litmus. It is altered 
by boiling with water, the .solution becoming red and gradually losing its power of 
crystallising. 

Niqdithionafe of Magnesium^ C'^"lI'®Mg"N2S*0®. — Easily obtained by boiling for 
about two hours a mixture of 2 pts. of crude, iiaphthionic acid and 1 pt. of carbonate 
of magni^siuni with water. Tho solution ia to bo filtered and act iisiilo to cryatalliac* 
It is to be purified by recrystallisation from W'eak alcohol. If tho solution be concen- 
trated, tlie resulting salt will contain 4 atoms of water of cry.stalli.sation ; but if tho 
mothGr-lic|Uor be allowed to evaporate spontaneously in vacuo, the cry.stal3 will contain 
6 atoms of water. 

Naphthionate (f Votassium, (l'®H'*KNSO’. — This salt is anhydrous, very soluble in 
water and alcohol, but sparingly soluble in the same liquids when hydrate of potassium 
is present. It is easily obtained by dissolving crude naphthionio acid in a boiling con- 
centrated solution of liydratc of potassium. It crystallises out on cooling in small 
micaceous laminm. 

Naphthionate of Silver, C'®IPAg'NSO®.H’0, obtained by decomposing a perfectly 
neutral solution of nitrate of silver with a solution of naphtliionate of .sodium, is a white 
curdy powder, .sometimes becoming converted into dense crystalline grains with an 
adamantine lustre. Little soluble in cold water, more so in hot. Becomes grey on 
exposure to light. 

AT^moniacal naphthionate of Silver, C'®lI®AgS0®.2NIP.2H*0, is deposited in white 
crystalline grains, on treating a hot solution of the last-described salt with ammonia 
and leaving the liquid to cool. It is but shghtly acted upon by light. 

Naphthionate of Sodium, C'®H®NaNS0®.4ll‘0. — ^'This salt may bo prepared by dis- 
solving ciiide naphthionic acid in hot alcohol, with addition of powdered carbonate of 
sodium. The boiling solution, after filtration and repo.se, yields fine, nemdy colourless 
pri.sra.s of the salt. It may be purified by being reduced to powder and washed on a 
funnel with a concentrated alcoholic solution of hydrate of sodium ; after this it must 
be dissolvtxl in alcohol, and decolorised by animal charcoal. After the latter treatment 
it will be necessary to recrystallise it several times. — Tho salt forma fine prisms be- 
longing to the monoelinic system, very slightly soluble in alkaline liquids, and readily 
soluble in w'atcr and alcohol, insoluble in ether. When in maBses the crystals always 
appear yellow. Tho crystals are at first insipid, but afterwards yield a sweet persistent 
taste. Tho salt serves for the preparation of several of tlio naphthio nates by double 
decomposition. — When heated, it yields a residue of sidphate and much carbon. — It 15 
not changed by exposure to dry air. 

Naphthionate of Zinc, Obtained by double decomposition of naph^ , 
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thionate of sodium with sulphato of zinc. It forma largo red laininm, transparent but 
becoming opaque at 90®, with loss of some of its water of crystallisation. Very soluble 
in water, soluble in anhydrous alcohol with the aid of lu;at. Ilccomes aiihvdrous 
between 150® and IGO®. (j q 

sril.PHTHirX.iyCXU, cniw. (Schiitzenberger and Willm, Compt. rend, 
xlvi. 894.) — A substance produced together with azodinaplithyldianiiiie (p. 28) by the 
action of aqueous nitrite of potassium on hydroclilorato of naphthjlamine. The 
azodinaphtliyl-diamine may be dissolved out by alcoliol or etlKT, and naplitliulmin 
then remains as a black, rather bulky, Immus-liko substanoe, insoluble in nearly 
all solvents, especially in acids and alkalis. It dissolves howe ver in strong sulphuric 
acid, forming an indigo-coloured solution whence it is precipitated by water. 

KAPHTKYXi. — The monatomic radicle of naphtliylamine. &c. 

(■N ) 

Cyancite of NaphtJiyl, C'^IPNO = produced in small quantity by heating 

dinaplithyl-carbamidc with phosphoric anhydride (V. Hall, I’liil. Mag. [4] xvii. 
304), probably also when menaphtlioximide is heated to 260® (rerkin,\:iiem. Sue.* 
J. ix. 8). It forms magnificent easily fusible crystals, insoluble in water, easily soluble 
iu alcohol and ether. Its reactions are exactly analogous to those of cyanate of plienvl 
(ii. 196) (Hofmann, Compt. rend, xlvii. 425.) 

Sulpkocyanatc of JSaphthyl, C'^IPNS = Obtained, together with iiaph- 

thylamine, by distilling dinaphthylsulpho-carbamide with phosphoric anhydride : 


(08)" -N^* 



It forms splendid, easily fusible crystals, having a. peculiar odour, insoluble in wrdrr, 
very soluble in alcohol and dher. When l)oilo<l in alcoholic solution with naphthyl- 
amine, it is reconverted into <linaphthyl-snlphocarbami(b‘. Willi aniline it forms snl- 

phocyanatoofphoiiyl-naiAthylan.inc: = C'«n»(cV)N|®- 

(Hall, Hofmann; loc. cit.) 

Xf APBTHYXiAMIXN'ZS. C'^IPN. Naphthalidamy N<(j:>hfhalamine, Haphthaiidinr, 
(Zinin, J, pr. Ohcm.xxvii. 143 ; abstr. Ann. Ch. Phann. xliv. 283. Piria, Aim. CJi. 
Pliys. [3] xxxi. 217. B(^.champ, ihid. xlii. 186. Delbos, ihuL xxi. 68. W. II. Perkin, 
Ohem. Soc. Q,u. J. ix. 8 ; Cliem. Gaz. 1856, p. 119, Hugo 8c h iff, Ann. Ch. Phys. 
lii. 112. A. W, Hofmann, Compt. rend, xlvii. 425; Ann. Ch. Pliys. [3] liv. 204. 
iScliiitzenberger and Willm, Compt. rend, xlvii. 82. Perkin and Church, 
Chem. 8oc. J. xvi. 207. — Discovered by Zinin in 1842 during bis important researches 
on the reduction of nitro-compounds, 

Prepuration. — Zinin’ s process consists in mixing 1 pt. nitronaphthalene with 10 
pts. of strong alcohol, and saturating the mixture first with ammonia and then 
wit h sulphide of hydrog(ui. The essential features of the reaction are expressed by 
the annexed equation : 

C‘«H'NO= + 3H2S = + 2H20 + S» 

Nitronaphthalene. Naphthylaiiiine. 

Piria’ s process consists in taking advantage of the ease with which the thionaph- 
thamates arc converted into naphtliylamine. When the thionaphthamate of an alkali 
is treated with dilute sulpluiric acid and the solution is heated, sulphate of naphthyl- 
amine is produced in accordance with the equation — , 

20 ‘«.n“NSO» + *“0 = 2 (C'»II'’N)H'''SO<. 

Thioniiphthanuc acid. 

3. According to Piria, naphtliylamine is also produced by distilling a thionaphthamate 
with excess of hydrate of calcium. 

4. The process almost invariably used at the present day is, how'ever, that of B^champ, 

which consists in reducing nitronaphthaleno with iron filings and acetic acid. Accord- 
ing to Schiitzenberger and Willm, phthalaroine, is also formed in this re- 

action. The production of naphthyls mine by B5champ’s process is precisely analogous to 
that of aniline from nitrobenzene with the same reagents, and may bo written tkus : 


+ 6FoO -I- H»0 « ’ 3Fo*0» + C'«H»N. 

It is quite unnecessary to give at length all the modifications of B6champ’s process, 
which have been described by various operators. The following method of prepara* 
tion will be found to answer cither on the Iferge or on the small scale: 1 pt. of nitro- 
aaphthaleno which has been well washed with water to remove adhering nitric acid, is 

c 2 
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mixed with pt. of iron filings, and commercial acetic acid iff added 'in sufficient 
quantity to covt‘r the wliole. Tho retort must be very capucious, and should ho able to 
hold at least ten tiines the quantity of tho ingredients taken. A gentle heat is applied 
until the nitronaphthaleno melts. The reaction soon sets in, and is generally very 
active, tho contents of the retort frothing violently, and boiling over niiless the lire is 
removed. As soon as tho frothing has subsided, the r(?tort i.s to be cautiously heated 
until the acetic acid has distilled over, after which it is to Vjc removed from the 
fire and allowed to cool. A strong solution of hydrate of potassium may then he 
added, until the mixture, after being W'ell stirred, is powei-fully alkaline. The retort 
may now be Iransterrcd to a deep sand-bath and covert'd wltli saiid up to tho neck. 
Tho fin; is to b«; urgi'd until the naphthylaroine comes ovt‘r, wliich liowcvcr will not 
be tho case until llio temperature has risen to 300'^. Tho oily naphtljylamine thus 
obtaiiuKl is puritiod by solution in hydrochloric acid; the filtered liquid is evapo- 
rated to dryness ami distiiled with hydrate of calcium; the I^mhi* then passes over 
in the form of a colourless oil contaminated only by the pi'csence of phthalamiiie. 
The latter may l )0 removed Ijy converting the mixture of bases into sulphates and 
crystallising. The .sulphate of naphthylamino being less soluble than sulphate of 
phthahimine, will crystallise out first. 

Koussi n prepan's uaplithylauiiiio by treating nitronaphthalcne with tin and hydro- 
chloric acid. He introduci's into a balloon (which should have twdee the capacity 
necessary for holding tlio iiign'dieuls) (1 pts. of commercial hydrochloric acid, 1 pt. of 
nitronaphthalcne, and as niucli granulated tin as will reach to the surface of the mixture. 
Tho balloon is heated in a water-batli and .shaken at intervals. An energetic rc;- 
action is soon sot up, the iiitronaphthal(‘uo disappears, and tho mixture, which is of a 
brown colour, bocoiiu^s transparent. The product in this condition is poured into 
an earthenw’arc vessel containing two litres of commercial hydrochlonh; acid diluted 
with half its bulk of waler. Tlie hydrochlorato of naphthylamino soon begins to crys- 
tallise, and finally romlors tlio whoh; solid. On cooling, the magma is drained on linen 
filters, and sub.sf'quently pressed. To purify tho cnide liydrochlorate prepared in this 
manner, it is, after drying, to he dissolved in boiling w'a'ter and treated with a suffi- 
cient quantity of solution of sulphide of sodium to precip>itixte the tin. TJie liquid is then 
passed through a W’ct pap<'r filter to remove a tarry impurity. The pure liydrochlorate 
crystallises on cooling. Tho base muj’^ be separated by the addition of an alkali. 

Properties . — Napbthylainiiie precipitated from a solution of tho sulphate by ammonia 
forms white silky not'dles. As ordinarily ol>taincd by distillation, it is a yellowi.sli- 
whito crystalline mass. It uudls at t'lO®, and distils at about 300*^ without decomposition. 
In spite of this fact its vapour-density does not appear to have been determined. If 
very slowly heated it sublimes in long silky needles. It has a most disgusting and 
persistent odour, which adheres to the hands and clothes for a long time. Some per- 
sons appear t^be injuriously affected by it when working with it for some time (Carey 
Lea). Solutions of napbthylamine colour deal- wood yellow oven more intensely than 
aniline. (Hofmann.) , 

Becow positions, — 1. Naphthylamino burns with a smoky flame, leav'ng a residue 
of carbon (Zinin). — 2. Turns violet in the air(Zinin). This violet substance appears 
to be produced during the formation of naphthylamine from nitronaphthalene by Be- 
champ’s process ; om* or two grains are all tliat can be obtained from 50 or more; grammes 
of nitronaphthaleno (Carey Lea). Sublimed naphthylamine becomes coloured only 
after long exposure to the air and sunlight, and if protected from those influences may be 
kept unaitored for years (Zinin). — 3. Heated to 200° with dry menytirous nitrate it 
yields, according to the quantities of salt employed, various shades of colour from that of 
aniline- violet to that of fuchsine (Schenrer-Kestn er). — 4. Stannic chloride converts 
it into a red colour (Kestnor). — 5. Not attacked by chlorine in the cold, but violently 
when in a melted state, liydrochlorate of naphthylamine and a resinous substance being 
formed (Zinin). — 6. Solution of hydrochlorate of naphthylamine treated with chlorine 
affords a violet colour, a brown resin, and a substance crystallising^ in golden-yellow 
needles (Zinin). — 7. With ferric chloride^ nitrate of silver ^ trichloride of gold and oxi- 
dising substances generally, it gives an azuic-blue precipitate of naphtbameme (Piria). 
— When nitrite of potassium is added to a solution of a salt of naphthylamine, a 
reddish-brown precipitate is immediately produced called by its discoverers azodi- 
naphthyldiamine, and having the formula (Perkin and Church), 

— 9. Pla tinic chloride^ mercuric chloride^ and chloride of zinc yield the naphthamemo 
of Piria which appeal’s in fact to be oxynnphthylamine (Schiff). This is probably 
also the substance obtained by heating nitronaphthalcne with the hydrates of potas- 
sium and calcium. — 10. Nitric acid^ especially if it contains nitrous acidy converts 
naphthylamine into a brown powder, alnmst insoluble in water, but soluble in alcohol 
with the production of a violet liquid (Zinin). Inasmuch as the last reaction is 
favoured by the presence of nitrous acid, it is probable that the resulting product is 
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(or at least contains) Perkin and Church’s assodinaphthyldiaminc. This is rendered 
the rnoro probable because, according to Zinin, the product of the action of nitric 
acid is obtained, on evaporating its solution, in the form of crystals reseinbliiig 
Ttjiirexide, and ai^odinaphtliyldiamine crystallises in magnificent green crystals having 
somewhat the apj)carju.ico of murexide, but much larger and finer. — 11. A mixture of 
nitric and ifuJphuric acids acts violently on naphthylamine ; on the addition of water to 
tJie iriixture flakes a rc deposited which are probably nitron aplitliylaniine, C'"IP(NO’'^)N, 
— 12. Oxycldoridc of phosphorns converts naphthylami no into trinaphthylphosphamide 
(Sell iff). — 13. A solution of acid chromate of potassium added to a solution of a salt 
of naphthylamine yields a precipitate containing a violet colouring uiatler. — M. A solu- 
tion of naphthylarniiui in anhydrous cl her when treated with gaseous cyanic acid, affords 
naphthyl-urea, C"H’®N^O ; under certain eireiiinstances tlie reaction proceeds differently, 
and colouring matten’s are firmed (Schiff). — 15. An alcoholic solution of naphtliy- 
lamine combines watli oil of rniistard^ forming allyl-nafilitliyl-sulphoctirlwinide, 
(Zininb — IG. sulpJwcy ana te of phenyl, phenyl -naphthyl-sulphocar- 

bamido is produced (Hofmann). — 17. When an alcoholic solution of uaphthylamino 
is treated with disulphide of carbon, or when it is heated in a sealed tiibo with that 
reagent^ dinaphthyl-sulphocarbamide is produced (Laurent, Dolbos, Sohiff). — 

18. When fused naphthylamine is treated gaseous chloride of cyanogen, heat is given 

off and hydrochlorate of menaphthylamirie, C-*H”NMIC1, is fonned (Perkin). — • 

19. With the iodides &c. of the alcohol-radicles, metliyl-iiaphthylamiiie, othyl-naph*- 
thy lamiiie, &e., are formed. (Schiff.) 

Salts of HAPiiTiryLAMiNE. 

Tiroinhydrate or ITydrohromatc, C’®IPH.TT]jr. — Obtained by decomposing a 
concentrated alcoholic solution of sulphate of naphthylamine with bromide of potassium 
or barium. 'Pie solution filtered from the sulphate of barimri is to be slowly evaporated. 
Crystalline salt, readily soluble in alcohol, moderately soluble in water. 

Chlorhydratc ov Ilydrochlorafc, C'^IPN.ITCl. — AVhen a strong sol ntion of naph- 
thylamine ill alcohol is mixed with liydrochloric acid, the \vhoh‘ solidifies to a mass of 
hydi’«)(.!hl orate of naphthylamine, consisting of small shining scab's, rather freely soluble 
ill water, and still more so in alcohol and ether. It sublimes at about 200® with only 
slight decomposition ; the suhiiniato cou.Hsts of very fine needles. Like the sulphate^ 
the, dry salt is not decomposed by exjxisure to the at inosphere, but the solution, or tho 
(frystals if wet, become rapidly decomposed, with production of a red colour. 

Vhloro'/nercnratc, — Wlien a solution of nicrcnric chloride is added to an alcoholic 
solution of naphtliyJamino or of its salts, a curdy yellow preeijutato is obtained; it is 
soluble with difficulty in cold alcohol, but is deposited from a boiling solution on 
cooling in crystals. 

('hi o rapid f inate. — A yellow precipitate slightly soluble in cold water, still less 
solubles in .-ilcohol and ether. It crystallises witliout alteration from a boiling aqueous 
solution ((lerhardt). On pouring an alcoholic solution of bydrochlorate of iiapli- 
ThylMiviine into a solution of plntinic chloride, a green colour is developed, and the 
salt i.s (iep(jsifcd as a brownish gi’een-yellow powder, (Zinin.) 

Ai irate, C‘®ir’N.IINO^. — Naphthylamine dissoh’es without decomposition in weak 
boiling 11 [trie acid if the latter ho free from nit rotis acid. The solution becomes however 
slightly reddisli. On coolijig brilliant scales are deposited of nitrate of naphthylamine. 

O.valatca. 1. Neutral sal t . — Cry stalli.ses in stellar groups consisting of small la mints 
having tlie formula 20‘"ir*'N.C'-H'0‘. It yields dinaphthylcarbamide on distillation. 
— 2. Acidsalt, 0*®H®N.C‘ir-0^ — Thiii^alt forms in white, warty masses, readily soluble 
in water and alcohol. When submitted to destructive distillation, it yields a brownish- 
jadlow powder soluble in tUcoliol but insoluble in water. 

Phusp hates. 1. Orthophosphate . — Naphthylamine treated with solution of phos- 
pliorie acid which has not been ignited, forms this salt, which is readily obtained in 
crystals even when dilute solutions of the base arc treated with an aqueous solution 
of the acid. It rapidly turns red by exposure to the air. — 2. Metaphosphate. — Wlien 
an alcoholic solution of naphthylamine is treated with solution of mt^taphosphorio 
acid in alcohol, a white pulverulent Salt is obtained. It is only slightly soluble in 
w'ater and alcohol, 

Sulphate of 2(C’®H*N).H-SO*, may bo formed by dissolving 

the base in warm sulphuric acid. No crystals are obtained on cooling even to 0®, 
but, on dilution, the whole becomes nearly solid with small scales of the salt. The 
same salt may be obtained by adding sulphuric acid to a solution of thi on apht hamate 
of potassium, sodium, or ainmouium, and gently heating. It crystiillises in white 
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silvery scales having the disgusting odour of the base, and an acid reaction. When dry 
it may bo kept without iilteration, but the solution decomposes, with production of a 
red colour. AVhen distilled it melts, gives off sulphurous acid, and Iwives a residue 
of carbon. A small portion of the base distils over undocomposed ( Zinin), It is 
ojily slightly soluble in cold water or iileohol, but freely so in liot alcohol. 

I ntimatoly counectcd with naphthylamine are the substances which Piria discovered by 
acting on iiitronaphthalono witli sulphite of ammonium. (See Thiokaphthamio Acid 
and Naphthioxic Acid.) 


Buhstitution-derivativcs of iiajphthylamine. 

a. Bromide of Ethyl -naphtky la mononiiim.^ C''*H^'‘]SnRr^(C’®IP.C*IIMI*)NBr. 
— To prepare this compound, naphthylamine is treated with an excess of bromide of 
ethyl in a flask so coiinocted with a Liebig’s condenser as to allow the volatilised 
bromide to return, the temperature being maintained between 40® and 60® for some 
hours. The contents will at last bo converted into a reddish-brown mass from which 
the excess of bromide of ethyl may be removed by distillation. Tile mass is then to 
be repeatedly exhausted with boiling water. The boiling solutions are to be filtered, and 
on cooling, the bromide of ethyl-naplitbylammonium will crystallise out (Scliiff). — 
2. Naplithylamino inclosed in a scaled tube with excess of bromide of ethyl and kept 
for fourteen days at ordinary temperatures, becomes almost entirely converted into 
crystals of the broini de. ( S c h i f f. ) 

Properties . — Palo rose-coloured crystals which do not become colourless on recrystal- 
lisation. The salt does not become coloured so easily as naphthylamine. Very 
slightly soluble in cold water, but readily soluble in hot water, alcohol and ether. 
(Schiff.) 

Heated with hydrate of potassium, the bromide gives naphthylamine and alcohol, in 
accordance with the equation — 


N 


Br + KHO 

n-' 




Iodide of Methyl^naphihyl-a mmon i u m . — An attempt to prepare a methyl 
compound by treatment of naplithylamine with iodide of methyl failed, the product 
being a greasy mass which would not crystallise. 

7 , Sulphocyanate of Phcnyl-naphthylammonium, C‘TI“N^S = 
CN ) 

C“’H‘'(C“H*)N I direct union of naphthylamine with sulpho- 

cyanato of phenyl, or of phenylamino with sulphocyanate of naphthyl (p. 19). It 
crystallises from its l)oiling solution in spangles very like diphenyl-sulphocarbamide; 
very soluble in alcohol and in ether. (Hofmann, Compt. rend, xlvii. 425.) 

C. G. W. 


VAPHTBTIj-C ARBAMIXDZUS.— a. MoNOXAPHTHXL-CAiiBAMiDB or Naphtuyl- 


UBEA, C"H‘«N^O 


(CO)" 

IP 


N'-*. 


(See Cabbamides, i. 764.) 


p . Dinaphthyl-cabbamide. CarhonaphlhaUde^ 


(mvy 

(CO) 


N*. (Dol- 


bos, Ann. Ch. Phys. [3] xxi. 68. — Zinin, Ann. Ch. Pharm. cviii. 228).— Obtained, 
1. By heating the neutral or acid oxalate of naphthylamine (Del bos). Dinaphthyl- 
oxamide, is first formed, and afterwards resolved by increased heat, into 

carbonic oxide and dinaphthyl-carbamid(5. — 2. By boiling dinaphthyl- sulphocarbamide 
with alcoholic potash (Delbos) : 


C2ilin»N'S + H20 = C«*H»«N20 + H^S. 


3. By heating dinaphthyloxamido for a long time above its melting point, or sub- 
mitting it to dry distillation (Zinin); 

(C-»H»)M (C*®H’)n 

(CW)"In* « (CO)” In* -I- CO. 

BP J H« J 

It is most advantageously prepared from acid oxalate of naphthylamine, which must 
be heated to complete fusion ; the yellowish mass which distils over is then freed fiwa 
naphthylamine by repeated boiling with alcohol. 
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Dinaphtliyl-carbamide is a piiro whitft, light and slightly silky mass, insoluhlo in 
miter, vary slightly soluble in boiling alcuhoL It quickly turns red when ex[)Osed to 
1 lie air, and distils with partial carbonisation at a teniixTaturc above Wluui 

distilled \\ii\i jthoii^ihorlc anhydride^ it yields cyaiiato of iiaphtliyl, together wiili other 
products. 

jO’AFHTHYZi-BZAMZM'ES. a. AzoriNAriiTiiYL-uiA5iiNn. C*’II'W=r IS'"' In* 

H ) 

(Perk in and Church, Chem. Soc. J. xvi. 207). — A base produced by treating 
hydrochlorato of naphthylainino witli nitrite and hydrate of potassiinri in the 
proportions indicated by the equation : 

2(C'«IPN.HC1) + KllO -f KNO- = + 2lvCl + 31PO. 


A dark-coloured precipitate is thereby formed which when roeryslallised once or t wice 
from boiling alcohol, yields azodinaphthyl-dianiinc in splendid ju'cdles, liaving a 
lu’ight grc<‘ii metallic reflection. It melts at ld0° to a blood-red li(jiiid liaving a green 
mcfallie lustre, andk^beurs a considerable degree; of heat without dia-oinposition. It is 
insoluble in cohl water ; colours boiling water yellow; dissolves, but not very freely, in 
(douho/^ ether y and benzene, oven at lioiling heat. Most acids colour tin? solutions deep 
violt't; l.)iit llu; original orange-red tint is restored l»y alkalis, and evcm l.iy water. Oil. 
of vitriol colours tiic dry crystals dull green, changing to. deep blue on addition of a 
trace of water. Sti’ong niiric acid <liss()ives tlie base, forming a brown solution 
’uliieh afterwards changes to brovvnish-ivd, and watm* then throws down a bro\\'ii 
pn'fipitafe. 

.Azmlinaphtliyl-diamino forms tlireo hydrochforates, viz. (C‘’®ir'‘N-‘)‘.HCl, crystallis- 
ing in sliiniug, gohhui-brown prisms ; C‘®il‘‘’]SMlCl, in dark purplish -red crystals ; and 
( ‘.211CI, in bulky crystals yellow-lirowii by transmitted light, and having a 
green lustre when wet. Tlio sulphate, (C'^H'^iN-'jlESO*, forms grc’cnisli-brown crystals 
liaving a golden metallic lustre. 

.Axodinajrlitliyl-diamine boiled for some tiim; with potash is partly reconverted into 
naplitliylainiiie. By prolonged boiling with hydrochloric acid, it is slowly decomposed, 
yi(‘ldiug liydroehlorato of nnplitliylainine, and a substance soliibh; in potash. When 
i real I'll wit h hydrochloric acid ami granulated tin, it is decolorised and yields one or 
mon* lu'w bases not yet examined. AYilli citraconic add it yields a solid substanco 
[trol )a bly consist iiig of a z o d i ii a. ]> h t h y I - c 1 1 r a c o n a m i c a c id. 

Jjy using a. double proportion of iiilrite of potassium, Perkin and Church (Chem. 
Soc. J. lx. 1) originally obtained a dark-coloured sulistanec wliit‘Ii Mi(*y regarded as 
nitroso-naplitlialeue, C'®]["(NO); but subsequent experiments liavo. shown that it was 
not a rietinite product, but iner(?ly impure {izodina.plifhyl-dia,miiu\ 

Ihnzoyl-aziKlinaphiJiyl’dda C‘Ul'’’iS“0 — is produced by 

Iieatlng a/odinaplitliyl-dianiinc with chloride of htuzoyl. It forms lu’illiant red 
crystals, very stable and capable of melting without decomposition. It is insoluble in 
’s\at('r, dissolves slightly in boiling alcohol, with yellow colour, which is darkened but 
mtl changed to violet by a large cxce.ss of hydrochloric acid. Dissolves in .sulphuric 
acid ^\itJl dei‘p Ijlue colour; is nearly insoluble in ether, but may be crystallised from 
bcjizeiic or from ehhiriilc of benzoyl. I)i.ssolves, with orange colour, in alcoholic potash 
or soda, and is partially decomposed by continued boiling with potash followed by the 
action of liydrochloric acid. 

The chlorides of actlyl and cuniyl appear to form similar products with azodinaph- 
thyl-diarniiie. 

fi. IVlKNAruTiiYnABUNE, ui^bo regarded as cyano-di naphthyl-diamine 

{vid. inf). ^ 


XTAPHTKYXi-FORMAMXDE. C”H»NO = N.1I(CH0)(C*“H"). See FoRMA- 
MI DU (ii. G81). 

STAPHTKYB-OXAMZDES. See OxAMn^E. 
ErAPKTHYIi-PHOSPBAMZDE. See PllOSPHAMlEE. 
XrAPHTKYE-STrZ.PHOCARSAnSZ3>ES. See SunPHOCARUAMroES. 
XTAPHTHYXi-TRXAlMCXN'ES. a. CAttnODINAPUTHYL-TRIAMINE. Menaphtuyla- 

ij"" 

mine. *= I 

IP 


N®. (Perkin, Chem. Soc. Qu. J. ix. 8.) — This compound, 


CN 

which may' also be regarded as cyano-dinapMhyl-diaminCf (C’TP)' 


is 


formed as a 
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NAPHTHYL-UREA— NARCEINE. 


liydrochlorate, l)y tlie action of cliloride of cyanogen on naphthylamine (2C*®H*N + 
OKCl — tlio mode of formation being precisely analogous to that of 

mclaniline, or carbo-diphenyl-triamine, from aniline. To prepare it, gawfous chloride 
of cyanogen is drawn by an aspirator through a number of glass tubes partly filled 
willi naphthylamine which is kept in fusion hy the application of a gentle heat; the 
resulting black resinous mass, consisting chiefly of hydrochlorato of menaplithylamine, 
is- boiled with a large quantity of water; the base is precipitated from the solution by 
ammonia or potash ; and the precipitate is purified by washing with water, and one or 
two crystallisations from alcohol, 

Menaplithylamine crystallises in small white needles, having a bitter taste, but no 
smell, nearly insoluble in water ^ soluble in aUohol and in ether. It becomes coloured 
in llie air, and blues reddened litmus. It melts at about 200°, and decomposes at 260° 
giving off naphthylamine and leaving a brown mass. It appears to form neutral com- 
pounds w'itli chlorine, iodine and brmnhie. With y suljihuric acid it first forms a 

sul})liate, but on heating the mi:!ctur(‘, it liquefies and a new acid is produced which 
forms a soluble lead-salt . — Fttniing nitric acid acts very slowly on menaplithylamine, 
forming a series of suhstitiition-products. Chromic acid acts but slowly. Cyanogen 
gn$ passed through ether in whiijh menaphthylamiiio is suspended, converts it into 
dicyanom enapl ithylamin e. 

Meiiaphtliylamine unites with acid&, forming salts many of which are amorphous or but 
slightly crystalline. They are but sparingly soluble in w^ater, and neutral to litmus- 
paper. They are precipitated hy acids and by saline solutions ; potash and ammonia 
added to tlunr solutions pri^cipitate the base as a pure white powder. 

The hydrochlorate, is amorphous and very soluble in alcohol and 

ether. The chlonqdatinate, 2(C'^‘ll*’N*.llCl).PtCl^ is deposited from alcoholic solu- 
tions in small yellow shining sealee. The chloro-aurate is a blue precipitate. The 
hydriodnte, hydrohro mate, phosphate and nitrate are crystalline, the last forming small 
white prisms, and dissolve easily in alcohol and in et her. The sulphate is amorphous, 
and moderately soluble in ulcoliol and in other. 

)8. r)irvANo-ivni:NAriiTH\XAMiNE. == C^^IT'^N^Cy®.-- Produced as abovo 

described l<y tlio action of gaseous chloride of cyanogen on metiaphtliylamine suspended 
in etlier. It is pale yellow, crystallises with dilliciilty, is insoluble in water, moderately 
Bolultle in alcohol and in ether, dissolves easily in dilute acids, and is repreeipitated by 
anirnoiiifi if added immediately afterwards ; but the solution, if left to itself for only a few 
seconds, becomes turbid and d(?po.sits cyanodinaphthyl-oxamide, (Perkin, 

loc. cit.) 

srAPKTKYXi-'UllEA. Syn. with NAPiiTnYL-CArtnATUiDE. 

XrilPXiES YEX.X.OW. A basic antimonato of lead used in oil-painting. (See 
Antluonates, i. 326.) 

srAPOESOWlTE. Syn. with orthoclase. (See Felspar, ii. 619.) 

nTARCEZKE. (Pelletier, Ann. Ch. Phys. 1. 262.— Couerbe, Hid, 

lix. 161. — Anderson, Edinb. Phil. Trans, xx. Pt. 3, p. 347.) — An alkaloid con- 
tained in opium. To prepari* it, the aqueous extract of opium, from which inorphino 
has been separated l^y Gregory’s process (iii. 1061), is mixed with ammonia, which 
throws down narcotine, tliebaine, and a resinous body. The liquid is filtered and 
mixed with acetate of lead ; and the filtrate, after being freed from excess of lead by 
sulphuric aeid, is neutralised with ammonia and evaporated till it becomes covered 
with a pellielo. It then on cooling deposits a cry.stalline masH, the quantity of 
which iiicj’eases hy repose. This mass is wa.shed on a linen filter with cold water, and 
then dissolved in boiling water, which on cooling deposits crystal.^ of narceine. 

Narceine thus obtained sometimes contains ’sulpliate of calcium ; it may be purified 
by dissolving in alcohol, decolorising with animal charcoal, and recrystallieing from • 
water. 

Narceine crystallises in elongated silky needles. It is inodorous, has a bitter and 
styptic taste, di.ssolves sparingly in cold, more readily in boiling water, very soluble in 
alcohol, but insoluble in ether. The solutions of narceine slightly deflect the plane of 
polarisation of a luminous ray to the left; [a] = — 6’67®. 

Narceine melts at 92°, and solidifies in a crystalline mass on cooling. It turns 
yellow at 110°, and decomposes at higher temperatures. It is violently attacked by 
chlorine and hroniine, yielding very complex products. Iodine forms with narceine a 
dark blue compound which is decomposed by boiling water. 

Potash, soda and ammonia dissolve narceine, which, on concentrating the solutions, 
is deposited in the form of .an oily liquid. 

Strong mineral acids act powerfully on narceine and decompose it ; the same acids 
nrhen dilute combine with it and form salt^. 

The sulphate forms tufts of needles much resembling the free base. It is sparingly 
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SK.luble in boiling water. The nifrafe separates from a hot solution in radiating groups 
of crystals, sparingly soluble in cold water. 

The hydnwUorate, C”H‘^“NO^HCl (at 100°) crystallises sometimes in concentrically 
grouped needles, sometimes in short irregular prisms. The crystals are very soluble in 
water and alcohol, and have an acid retiction. The chloroplatinatey 2(C**H'^*NO’’.IICl), 
FtCl'* (at 100°), gradually separates on adding platinic chloride to hydrochlorate of 
narceine, as a crystalline powder, or in small prismatic crystals (analysis, 41*0 per 
cent. C, 4 6 H. and 14-33— 14*76 Pt; calc. 41*2 C, 4*5 H and 14*7 Pt). 

XOTARCBTIM’S. An alkaloid produced by the action of sulphuric acid and peroxido 
of lead on narcotine. It is dissolved by strong sulphuric acid with a fine rod colour, and 
by nitric acid with a fine yellow colour. By the prolonged action of the oxidising 
mixture it appears to bo converted into opianic acid. (Marchand, Berz. Jahresber. 
XXV. 507.) 

lOr ARCZTXXrx:. A substance posse.ssing emetic properties, contained in the white 
narcissus. (.Tourdain, E6p. Pharni. [2] xxi. .338.) 

NARCO GBRTXXSTB. When a solution of iiarcotine in hydrochloric acid is boiled 
witli platinic chloride, the product generally formed is ehloroplatinate of cotarnine. 
Sometimes however another platinuni-salt is formed, crystallising in long light yellow 
needles. This salt is supposed by Blyth (Ann. Cb. Phann. 1. 29) to be the cbloro- 
plallnate of a distinct alkaloid, narcoynrim. As however this salt is deeom posed by 
ammonia into chloroplatinato of narcotino which is pro'eipitatnd, and chloroplatinnto 
of cotarnine which remains dissolved, it is probably merely a double salt composed of 
the ehloroplatinates of iiarcotine and cotarnine. 

NARCOTEZNZS. Syn. with Karcetini;. 

NARCOTZe ACZD. An acid said to be formed by boiling narcotino with 
potash. It appears to differ from narcotine only by the elements of water (p. 27). 

NARCOTZNB. (Dcrosne, Ann. Cliim. xlv. 2.57 ; Tlobiqu cl, Ann. 

CIi. Phys. V. 275; Dumas and Pelletier, ibid. xxiv. 188; Pelletier, ibid. 1. 269; 
Liebig, Ann. (<h. Phann. vi. 35: K. Brandos, iM. ii. 274; Couorbe, Ann. Oh. 
Pliy.s. lix. 150; Ilegnault, ibid. Ixviii. 1.37 ; Wohler, Ann. Oh. PJiariii. 1. 1 ; Blyth, 
1. 20; We r the ini, ibid.X^yi. 71; Ixxiii. 208; Anri or son, ibid. Ixxxvi. 170; 
>1 a ttliei asen and Foste r, Phil. Trans. 1863, p. 345; Chom. 8oc. J. xvi. 342. — Gm. 
xvi. 135 ; Gerh. iv. G7.) This alkaloid is contained in opium to the amount of 6 or 8 
]>(‘r eetil., and wa.s the first base, extracted from that substance. It was discovered by 
I)(‘ro.sne in 1804, and went Vty thr^ name of Set de Dcrosne, till its basic character 
was demonstrated by Kobiqiiet in 1807. 

Freparathn. — 1. From tlio eolourr^d ii n cry st alii sable mother-1 iquons obtained in the 
pT(*|)anitIon of morphine by Gregory’s proees.s (iii, 1051). These mother-liquors are 
diluted with water, filtered if neces.sary, andtre:ited with ammonia as long a.s a precipi- 
tate. eontinnes to form ; and the precipitate is collected on a cloth filter and prc.s.sed. 
Jti.Mgi’arnilar at first, but becomes resinous if left under the press too long. It should 
t herefore be quickly removed, .suspended in water, and pressed .again, the treatment being 
repeated several times. Tlie precipitate contains narcol ine together with a considerable 
quantity of re.sin and a little thebaino ; the mother-liquor contains narceine and may 
be used for preparing that base. A portion of the precipitate is now to be boiled with 
rectified spirit and the solution filtered hot ; on ct^oling it deposits strongly coloured 
crystals of nareotine, which are collected on a cloth, pressed, and w'ashcd with a little 
alcohol. The mother-liquor of these crystals serves to dissolve another portion of the 
precipitate, and in this manner the process is continued till the whole is dissolved. The 
impure crystals of narcotine are nextjdnsed with strong potash-ley, washed with water, 
and crystallised from boiling alcohol? The alcoholic liquor from which the first highly 
coloured crystals of narcotino were deposited, contains much, resin, a little narcotine and 
nil the thebaine of the opium, and may bo used for the preparation of that alkaloid. 
(Ander.son.) 

2. Narcotine may be extracted directly from opium by treating that substance with 
et her. The solution left to evaporate deposits nareotine in the ci 7 stallised state. 

Froperius . — Nareotine crystallises in right rhombic prisms or in needles grouped in 
bundles, flattened, colourless, transparent and lustrous. It melts at 170° and solidifies 
aga in at 130°, in the crystalline or amorphous state, according as the cooling is slow or 
rapid. It is insoluble in cold water ; boiling water dissolves of it. Alcohol and 
cth^r dissoHe it, but not very freely. According to Duflos, it dissolves in 100 pts. 
cold and 20 pts. boiling alcohol of 8.5 per cent., in 126 pts. cold and 48 pts. boiling 
ether of specific grd%nty 0*736. The solutions are bitter and destitute of alkaline reaction, 
^rcotine dissolves in 2 6 pts. chloroform (Pettenkofer), in 60 pts. OGetio ether 
(Henry), also in oils^ both fixed and volatile. 
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The alcoholic or ethereal solution of narcotine deflects the piano of polarisation of a 
luminous ray strongly to the left ; [o] - — 130° 6' nearly. Acids modify the rotatory 
power considerably, altering the deviation from left to right. (Bouchard at, Ann. 
Ch. Phys. [3] ix. 213.) 

Niircotine is not dissolved by caustic or ammonia. Its solutions do not pro- 
duce a blue colour witli ferric salts, a character which serves to distinguish it from 
liioi’pJiine. (See also the reactions with Sulphuric and Nitric Acids, infra.) 

Narcotiiio acts as a narcotic poison, though not so powerfully as morphine; 1*6 gnu. 
of it is sufficient to kill a dog in a very short time. 

Narcotiue contains : 

Matth lessen 


Calculated. 


Liebig. 

Pelletier. 

Kegnault. 

Hofmann. 

anti foster. 
Mean. 

Q-n 

264 

63*92 

6 1*09 

63-91 

64*25 

64*63 

63*79 

H'» 

23 

6 67 

5*50 

6*46 

6*96 

6*21 

5*81 

N 

14 

3*39 

2*51 

4*31 

319 

3*30 

3*32 

O’ 

112 

27M2 

27*90 

26-33 

20-30 

25*9(5 

27*08 

C=“lP“NO’ 

413 

100-00 

100*00 

100*00 

100*00 

100-00 

100*00 


The composition of narcotine was first determined, to the general satisfaction of 
chemists, by Blyth, who in 18 14 proposed the formula or C-^IP^NO^, sup- 

porting it by numerous analyses of the chloroplatinate, and showing at the same time 
that it accorded well with the most trustworthy results of previous investigations, and 
accounted satisfactorily for the most important transformations of narcotine, especially 
its resolution under the iufluenceof oxidising agents, intoopianic acid and co- 

tarnine (then regarded as Accordingly Blyth’s formula was for a long time 

regarded ns expr«'ssing correctly the composition of narcotine. Worth eiin, however, 
in 1861 — founding his opinion chiefly on the composition of the volatile bases obtained 
by distilling narcotino with potash, some specimens, according to his observations, 
yielding inethyJamine, some etliylaniine, and otln'ra tritylurnine — maintained the exis- 
tc'uco of two additional varieties of narcotino Iiotnologous with that examined by 
Blyth, and represented rtispectively by the fornmlaj and while 

Hi utorberger (Ann. Ch. riiann. Ixxxii. 312) unalyHed a compound of mercuric 
chloride with what he considered a fourth variety still Iiotnologous with the preceding, 
and represented by the formula C-'IF'NO’. Mattliiossen and Foster, on flieother 
hand, found that six samples of narcotino prepared from different kind.s of opium, Tur- 
ki.sh, Egyptian, and Persian, yiebbal results agreeing very nearly with the formula, above 
given, the dilference between tlioliigbostand lowest tjuantities of carbon in the analyses 
amounting to only 0*G3 p(*r cent. ITence they conclude that there is no sufficient evi- 
dence for the existence of more than one kind of narcotino, and that it is more probablo 
that one and the same narcotiue (since when distilled with hydriodic acid, it yields 
3 at. iodide of methyl, j). 27) uiay yield, by distillation with potash, sometimes methyl- 
amine, somclimes «limefliyliiminf% and sometimes triiuethylainiue, which last appears 
to have been mistaken by Worth ei in for its isomer, tritylauiino. 

Jkromjwsitions. — 1. Narcot ino becomes eoloured when heated a fcAV degrees above 
its melting point. At. 220° it swells up, gives off ammonia, and leaves huinopic acid. 
Heated to 200° with water in a sealed tube, it dissolves, forming a reddisli very bitter 
liquid. 

2. Strong sulpJmric acid dissolves it, forming a yellow liquid which turns brown 
when heated. According to A. iTiiaemann (Ann. Ch. Pharm. cxxviii. 306; K^p. 
Chim. pure, 1863, ]i. 284), narcotiue added to cold sulphuric acid, colours it bluish- 
violet or yellow, which, if the liquid bo gently heated, changes to orange-red, then to 
violet-blue at the edge of the basin, and lastly to violot-red. This reaction is very 
distinct, if tlu' .sidphuric acid contains 1 pt. in 2,000 of narcotine ; and even if it con- 
tains only* 1 pt. in 40,000, a slight carmine colour is still perceptible, passing into vio- 
let-red. — A solulion of narcotino in cold sulphuric acid becomes reddish-yellow on 
addition of niiric axdd. With hypochlorite of sodium the same colour is produced, but 
preccdeil by a carmine tint. If the solution has been heated, both reagents immediately 
produce a light yellow colour, becoming slightly reddish after a while. — A solulion of 
narcotino in sulphuric acid previously hejited, acquires on addition of ferric chloride 
a dark red colour, changing to cherry-red, which lasts for 24 hours (compare Reactions 
of Morphine, m. 1052). Dilute sulphuric with the .aid of heat, transforms it into a 
green substance, sulphon ar cotide, containing the elements of neutral sulphate of 
narcotine minu^ 2 at. water. 

3. Chlorine gas attacks narcotine, e.specially at 100°, converting it into an amorphoTU^ , 

substance which has not been analysed. ;; 

4. In braminC’Vapoiir^ narcotino is coloured orange-yelloAv; in vapewr, brown* y 
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vellow ; in vapour of chloride of iodine^ vermillion-red tx) yellow (Bonn 6). The Balts 
of narrot ine ate not coloured by aqueous iodic acid, 

5 Narcotine distilled with concentrated hydriodic acid gives off iodide of methyl, 
in the proportion of 3 at. CH*I to 1 at. narcotine. (Matthiessen and Foster.) 

6. According to unpublished experiments by INrattliiessen and Foster, narcotine yields 

lar‘'e quantities of chloride of methyl when heated to about 110® W'ith strong aqueous 
iwdrochloric acid. The resulting solution contains an alkaloid wliich differs from nar*» 
cothio in being perceptibly soluble in hot water, from which it separates on cooling as 
a, crystalline precipitate, and by its ready solubility in solutions of the alkalis or alkaline 
(‘arllonates The composition of this product is not yet ascertained with certainty, but 
several analyses seem to point to the formula + 3HCI - 

3CHH.T 

7. Narcotino is not dissolved or decomposed by dilute aq7^cous potash, even at the 
boiling heat, but when boiled for some time with strong potash-ley, it forms a bitter, 
soluble, oily substance which appears to be the potassium-salt of a peculiar acid (??«?•- 
code acid). An alcoholic solution of potash dissolves narcotine in such quantity as to 
foiin a semi-solid mass. The acid contained in this potassium-salt cannot, however, be 
isolated; on passing carbonic acid gas into the alcoholic solution, a transparent jelly is 
gradually formed, which, when w'ashod with alcohol and suspended in w'atcr, leaves 
crystals of narcotino. Hence narcotic acid appears to differ from narcotine only by tlio 
cleiiients of water. 

8. Narcotine heated to 200*^ — 220® with hydrate of potassium or sodium, gives off a 
volatile base, which, according to the circumstances of the experiment, is either methyl- 
aiuiue, dimethylamino, or trimethylamino. According to Hofmann (Ann. Gli. Pliarrn. 
Ixxv. 307), the products vary according to the proportion of the narcotino and hydrate 
of potassium, an oily alkali boiling at a much higher temperature usually floating on the 
fiurfiico of the triTncthylamine. 

y. })ihitc 7 iiiric.acid dissolves narcotino at ordinary temperatures without decompo- 
sition ; but on heating the solution to 50®, it deposits crystalline flocks of toropiammonf*, 
tlH‘ solution retaining meconin, opianic acid, bcmipinic acid, and cotarnine, the pro- 
))oi'tions of tliose products varying with tlie degr(‘o of dilution of tho nitric acid. In 
tins reaction, the o])ianic acid and cotarnine must he regarded as primary, tho other 
substances as secondary products : 

C22ij83NO' 4- O - 4- C‘HI**NO» 

Narcotiiie. Oplauio acid. Cotarnine. 

'J'lie nicconin might also be supposed to bo formed by the breaking up of the narco- 
tino, thus : 

C«H’’NO’ == C'nT‘®0« + 

Narcotino. Mccouiii. Cotarnine. 

or at tho expemse of the opianic acid : 

2C'®n“’0=‘ = 4- C'^IT’^O® 

Opianic acid. Meconin. Hcmiplnic acid. 

Th(! hemipinic acid may also bo formed by further oxidation of tho opicTnic acid. 

Strouy nitric acid acts violently upon narcotiiie, giving off copious red fumes, and 
forming a thick red resinous mattt?r, Gerliardt found that when narcotino is gently 
liented with strong nitric acid, no red vapours are evolved, but an inflammable gas, 
probably nitrate of methyl. 

10. When a solution of narcotino in hydrochloric acid is boiled with platinic chloride, 
the narcotine is resolved into cotarnine and opianic acid, the platinic chloride being at 
the same time reduced to platinous 4^oride: 

C=2H2=»N0" + n^O + 2PtCF « C‘^H*»NO=‘ 4- + 2PtCl 4- 2HC1 

Narcotiue. Cotarnine. Opianic acid. 

11. The same products are formed by the action of a mixture of perosdde of man- 
ganese and sulphuric acid (Wohler). On one occasion Wohler obtained also 
apophyllic acid (i. 360) ; and by heating nmreotino with peroxide of lead alone, or 
W’>th peroxide of manganese and hydrochloiic acid, hemipinic acid (iii. 141) was pro- 
duced. A solution of sulphate of narcotine, boiled with peroxide of lead and sulphuric 
acid added drop by drop, forms narcetine ornarcoteine. (E. Marchand : see p. 26. ) 

12. Narcotine does not leduceferricyamde of potassium in alkaline solution, and is 
thereby distinguished from morphine, which reduc€*J8 the red to the yellow prussiate 
(Kief fer, Ann. Cli. Pharm. ciii. 277). When heated with absolute alcohol and iodide 
of ethyl, it is partially converted into hydriodate, hut does not yield any substitution- 
product. (How, A^n. Ch. Pharm. xdi. 327.) 
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Salts of Nabcotine. Narcotine dissolves in acids, but the solutions have little 
stability, depositing tlie greater part of the narcotine on evaporation and often on 
addition of water. Many of them are soluble in alcohol and in* ether. They are 
bitter, and redden litmus. Mixed with tartaric acid, and then supersaturated with an 
alkalma hicarhematr, they immediately yield a white pulverulent precipitate. Sidpko- 
ofanate of jwtassivm. produces in solutions of narcotine, a deep red precipitate, even if 
the quantity of narcotine present is extremely small ; the precipitate is soluble in a 
slight excess of the sulpliocyanate. (Oppcrinann, Compt. rend. xxi. 811.) 

Narcotine-salts give no precipitate with fluogilicic alcohol (iii. lOo 1) ; with pkospho- 
moli/hdic acid, they yield a brownish-yellow flocculont precipitate ; with phoiiphantU 
monic acid, a wlnte ttocciilent precipitate. 

Acetate of N (ircoiinc. Very unstable, the solution prepared in the cold, 
depositing narcotine wlicn evaporated. This property triay be made arailablo for 
separating narcotine from morphine, the acetate of which is not decomposed by 
evaporation. Basic acetate of lead likewise precipitates narcotine from its solution iu 
acetic acid. 

Chtor hydrate or Hyd rochlorate. — Very soluble in water. Crystallises in 
needk's from its alcoholic solution on cooling, or from the aqueous solution evaporated 
to a synip, and left for some time in a warm chamber. According to Liebig, 100 pts. 
narcotine abscjrb 9‘52 jits, of dry hydrochloric acid. 

When a strong acid solution of liydrochlorate. of narcotine is poured into water, a 
Bomi-fluid precipitate is produced which gradually solidities, and is soluble either in a 
a larger quantity of wjiter or in hydrochloric acid. A similar precipitate is formed on 
graduully adding un alkiili to a solution of liydrocblorcte of narcotine. Thi.s precipi- 
tate contains hydrochloric acid, and i.s perhaps a basic hydrochlorate of narcotine. 
(Matthiessen and Fostei\) 

Chl(>ro7?iercnrate, 2(C*^IT“^NO’^.H(T).Hg"Cl" (?) Wlilto precipitate, which when 
dried over the wator-balh, and then dissolved in a iiiixtunj of alcohol and hydrocliloric 
acid, deposits small crystals, containing, according to H i !i tt;rberger (Ann. Ch. 
TMiHini, Ixxxii. 811). 48-0‘l p. c, C, 8‘9() II, and 1S’02 llg. Tlio formula above given 
requires 4/')*J 4-7 II, and 17 Ilg, numbers which do not ;!gn '0 very Avoll with the 

analysis; ITintc‘rberg(‘i' iis.signs to tin* salt, the hjrriiula J I *‘Nv)MK,h.f IgCl, supposing 
it to contain a narcotiiio diib'ront from ordinary narcotine {see p. 2()). 

C hlorn-pl a t in. ate, 2(0‘‘^“Tl“'*NO’.Tr(’l).r‘I.Ol*.— Obtained Ity ppccipitating hydro- 
chloratc of narcotin(3 with plat.iuic chloride, taking care not, to add an (‘xcess of the 
latter. It .soparatc.s in yellow fhxrks or :\h a yellow crvstaiiine precipitate containing 
ir)-80 per cent, platinum (illytli), 15-Od — (Werthoim), 16*80 (Kognault), 
ir)'88 (How), the above formula requiring 16*99 per eciu, 

lodo /iiercurate . — lodomercnrate of potassium throws down from hydrochlorate of 
narcotine, a ycllowisli-wliite powder containing 2 at. mercury (Hg = ioO) and 8 at. 
iodine to 1 at. narcotine. (Groves, Chom. Soc. Qu. J. xi. 97.) 

Phoap hate of n a root in c is a turpentine- like mass containing crystals (Bran d c s). 

S}' Ip hate.— A .snlntion of narcotine in dilute sulphuric acid yields by evaporation 
a viscid substance which gradually hardens ; it dissolves in water without decomposi- 
tion. 

Snlpho7iarcoti de, C^‘1I”N''S()’® (?) is a product of the decomposition of sulphate 
of narcotine (p. 2G). When narcotine moistened with water is heated with dilute 
sulphuric acid, a solution is obtaine<l which, when more .strongly heated, assumes a 
dark -green colour and ultimately thickens. No gas is evolved. On diluting with water 
and boiling, nearly the whole dissolve.s, and the liquid on cooling deposits an amor- 
phous powder of a deep green colour. It appears to con tain tlie elements of neutral 
sulphate of liarcotinc 2 at. water : , 

= 2C“'-TF»NO^n’‘SO» - 2H20 

It gave by analysis 69*1 per cent. C, 5*3 IT, and 3*G R, the formula requiring 59*6 0, 
6 0 IT, and 3*6 S. 

Siilphoiiarcotide is not attacked by a/twionia. It dissolves in potash, forming a brow# 
liquid from which acids rcpreci[)itato it with green colour. Boiled with nitric acid^ii 
yields sulphuric acid and a yellow* substance soluble in ammonia. (Laurent and 
G erh.ardt, Ann, Ch. Phys. [3] xxiv. 112.) 

M^ASTlTRAZr. Syn. with Pitchblendh. 

WATRXirni. Syn. with Sodium. 

VTATROCAKCZTS. Impure carbonate of calcium, occurring at Sangershansen 
in pseudomorphs after Gay-Lussite. Marchand ( J. pr. Ohom. xlvh 95) found in theso 
crystals 94*37 calcic carbonate, 1*15 alumina and ferric oxide, 2*02 Jljicic sulphate, 1*10 
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clay, and l'3i wntor (= 99*98). A variety containing barytic sulphate has been 
called ncoti'pr by 13reitl)iiupt. Sp. gr. = 2*82— 2*88. 

IffilTllOXfXTS!, Socla-inesotype. Feather zeolite. Varieties: Bergmannilvl^lipreu^ 
siein), Lekuntitey Brivicite.--r-Th\^ mineral forms tTimetric j^risms witli pyramidal 
Buminits, exhibiting the combination ooP . 1* . t P; also witli . Patio of axes, 
iz: A: c =* 0’7165 : 1 : 1*0170. Anglo ooP : ooP ?= 91^^. Cleavage perfect j>arallel 
to c»r. The crystals arc ii.siially shmder, often aciciilar, frequently intt rJaeing, diver- 
gent, or stellate. It also occurs fibrous, radiating, and massive. Hardness = d to 6 ' 0 . 
8p. gr. = ‘2*17 to 2*24. Transparent to transliiecnt. Lustre vitreous. Co lorn-less, grey, 
yehow, fiometimes red or pale green. Streak white. Praeture conehoidal. Prittle. 

Analyaes: n. From ITolieutwiol in the Hogau (Klaproth. ]liUragt\ v. 44). — 
b. Auvergne; crystallised (Fuchs, Sclnv. .T. viii. 353). — c. Tyrol: mass iv(% fibrous, 
reddisli-white (Fiicli.s, ihUl.). — d. Trezza, near Aci Ca.slello in Sicil3^• wliite, spliei-ieal 
concentrically fibrous masses (S. v. Waltershaiisen, lidJannschi: Grsititu, p. 209).-- 
i. Brevig in iSouth NorNvay: the .so-called Bnvicitc: crystallised, according to (I. lvo.se, 
in the form of riatrolitc (Bcheerer, Pogg. Ann. Ixv. 270; Ixxxix. 2r> : eviii. 4, 0), — 
f. BerijmannUi'y from Brevig: reddish-w»iito (ScJieorer). — g. liadiolitCy from Brevig 
(Schecrer). — h. Lehuntite from Antrim in Ireland (Thomson, Mineralogy^ i. 338). 



a. 

h. 

c. 

(i. 

e. 

/. 

/r- 

h. 

Silica . 

. 48*00 

48*17 

48*03 

43*68 

47*16 

47*97 

48-38 

47*33 

Alumina 

. 21*25 

20*51 

24*82 

27*77 

2613 

20*06 

20-42 

24-00 

Limo . 


0*17 


1*73 

0*53 

0*08 

0*14 

1*52 

Soda 

. 10*50 

16*12 

15*69 

12*23 

15*00 

14*07 

13*87 

13*20 

Potnsli . 

. 

. 

. 

3*01 


, 

1*54 


Water . 

9*00 

9*13 

9*00 

11*27 

*9*47 

9*77 

9*42 

13*60 

F(Tric oxide . 

. 1*75 

. 

0*21 

. 

0*53 

0*73 

0*21 


Magnesia 



• . 

0*29 






9 T 50 

100*10 

98*95 

100*58 

99*42 

99*¥8 

Io ’ o "3 i 

99^5 


The analyses a — g may be repre.scfied by the formula Na®O.Al*OMhSiO-.2H”0, wliicJi 
is that of a hydrated soda-liibradorito (iii. 450); if the watcu* be regarded as basic, it 

may be reduced to that of an orthosilicato (Ka*Al“II'*)Si®0''''. Lehuntite (4), so far 
as the analysis can Vie dejicnded upon, appears to be the samo with 1 at. water addi- 
tional. 

All iron-nairolite having the alumina partly replaced by fi'rric oxide, and the soda 
by f(?rroiis and manganous oxido.s, occur.s, together with brovicite, at Brevig in 
Morway, in dull green, opaque, prismatic crystals and .semi-iTystalliue plates containing 
4()-f5 1 per cent, silica, 18*94 alumina, 7*48 ferric oxide, 14*04 soda with a little potash, 
2-40 ferrous oxide, 0*55 manganous oxide, and 9*37 water. 

NatrohTe occurs in cavities in amj-gdaloi'dal trap, basalt, and other allied rocks ; also 
in .seams in granite or gneiss. It is sometimes altered to prehnite. 

NATROVT. Native carbonate of sodium, Na'CO^.lOH'^O (see Caiibonatks, i. 794). 
Futron is also tlie German name for .soda. 


XTATROXT-SPORUnxSlirB. Syn. with Oligoclasb. 

XT AimXAirirZTJQ. Native selcnido of silver (see Silvisb). 

ITECTAR. The sweet juice which collects in the nectaries or discs of various 
flowers. It appears to be chiefly a solution of cane-sugar and uncrystallisable sugar. 

xrsSBZi E-ORB. Native sulphide of bismuth, lead, and copper (see Aciculite, 
i* ^7). 

ETSBDZiB-SPAR. A variety of Arragonite. 

irSEBXiB-SToAJB. See Scolecite. 


XVBFBXiZXrB. Syn. with N£PHELiN(p. 30). 
XrOMAXiXTB. Syn. with Btucite (i. C84). 
XTBOCTBSB. See Scoboditk. 


RTBOXiiTE. A mineral occurring in mines at Arendal and Eisenach, in stellate 
groups of silky fibres, also massive, with green colour and silky or earthy lustre. 
Hardness =» 1 to 2. Specific gravity « 2*77 (perfectly dried). The following 
analyses are by Scheorer (Fogg, Ann. Ixxi. 285): 


1. Arendal 
2* ^ „ 

3. Eisenach 


SIO* 

A1*0‘ 

MftO 

FeO 

MnO 

c.»o 

H-’O 


62*28 

7-33 

31*24 

3*79 

0-89 

0*28 

4*04 

= 9985 

47Jd 

10*27 

24*73 

7-92 

2*64 


6-28 

= 99 19 

62i6 

9*32 

29*92 

0*80 

• . 

3*92 

6-50 

99*7 1 
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The mineral may be regarded a*? a mixture of the isomorphous compound 
6R20.6Si0®.2lP0 and 5R‘0.4AP0*.2H‘0, the alumina and silica replacing owe 
another in the proportion of 2A1*0* to 3SiO* (see iii. 433). 

Neolite is a recent formation produced by the agency of infiltrating water.s passing 
over rocks containing magneaia. ■ 

arSOPXiASS. Native ferroso-ferric sulphate found at Fahlun in Sweden: syn, 
with Botuyogen (i. 651). 

XrsOTOXlTS:. A black or brown-black amorphous mineral, occuring at Gas- 
bolo in Finland, and apparently produced by the wcatlioriiig of other minerals. Con- 
tains, according to Igolstrom, 35-69 per cent, silica, 25-08 ferric oxide, 21-12 manganic 
oxide, 0 10 alumina, 2-90 magnesia, 0 55 lime, and 10-37 water (= 99-11). When 
heated before the blowpipe, it give.^ off water, but does not fuse. i^Uanmichhcrg' s 
Miner alchemie^ p. 861.) 

XSrSOTYPS. A variety of natrocalcite containing baryta (p. 28). 

XESPHEXiXlff. Somiriite, Cavolinitc, Beudanitc. — Eltsolite, Fdtstein, Pierre 
grasse. A silicate occurring in prisms belonging to the hexagonal system, and exhibit- 
ing the comhination oo P . oP . P (fig. 240, ii. 139), mostly however without P ; occa- 
sionally also with tlie faces ccP2, coP|, and othons. For P, the length of the vertieal 
axis is 0-8376. AngleP: Pin the terniimil edges =>,139® 19'; in the lateral edgesssSS® 6'. 
Cleavage imperfect parallel to oP and ooP. Also massive, compact, and thin columnar. * 

Hardness = 5*5 to 6. Specific gravity 2-5 to 2-61. liuatro vitreous to greasy.'. 
Colourless, white, or yellowisli; the massive varieties also dark green, greenish or 
bhu.sh-grey, brownish and brick-red. Transparent to opaque. Fracture subcoachoidal. 
Brittle. 

The name nephelin includes the colourless cTy.stalliscd varieties ; elaolite^ the coarse 
massive varieties, with a greasy lusLrt?. 

Before the blow-pipe, nephelin melts W'ith difficulty to a vesicular glass; clajolite 
easily. Both dissolve slowly in borax, and give willi oobalt-.solutioii a greyish-blue 
colour on the fused edge, lloth gidaliniso ea.sily in acids. 

Analyses. — 1. Of Nephelin. o. From Vesuvius (Scheeror, Pogg. Ann. xlvi. 291 ; 
xlix. 359). — i. From the dolerite of the Katzenbuekel in the Odenwald (S cheer er, > 
loc. cit.). — c. From Lobau in the Lausitz (Heidepriem, J. pr. Chem. 1. 500). 

2. Of E laeoli tc. — a. From Fredriksvarn in Norway (Sehe eiTer, loc. cit.), — 5. Bretpg 
in Norway (Scheeror). — c. Miask in the Ural (Scheerer). — d. Magnet Cove, 

BOS (Smith and Brush, Sill. Am. J. [2] xvi. 365): 


Nephelin. 



t 

<1. 

b. 

c. 

Silica 

. 44-04 

43-70 

43-50 

Alumina . 

. 31-06 

32-31 

32-33 

Ferric oxide 

. 0-44 

1-07 

1-42 

Soda . 

. 15-91 

15-83 

14-13 

Potash , 

. 4-62 

5-CO 

5-03 

Lime . 

. 2-01 

0-84 

3-55 

Magnesia. 



Oil 

Water 

! d*2i 

i-sb 

0-32 


10M9 

100-74 

100-39 


Elteolite, 



a. 

b. 

c. 

d. 

Green. 

Hrown. 

Brown. 

-White. 

Flesh- 

red. 

45-23 

46-53 

44-46 

44-18 

44-46 

32-66 

32-06 

31-84 

33-18 

30-97 

0-56 

1-41 

1-11 

0-69 

2-09. 

15-71 

15-97 

15-71 

15-86 

1661 

6-66 

4-76 

517 

5-75 

6-91 

0-33 

0-40 

0-28 

0-29 

0-68 


• • 

• • 

0-07 

. 

0-61 

0-78 

2-07 

0-45 

0-96 

100-76 

100-91 

100-64 

100-47 

loo-ftS’ 


Scheerer found also a trace of sulphuric acid in nephelin ; Bromeis found a trace of 
chlorine. 

The preceding analyses lead to the formula 4M*0.3Si0® + 2(2APO*.3SiO*) 
si®APM"0*^, or, as most of the analyses give 1 atom potash to 3 atoms 

SPAP(JK.-JNa)"0*^. The qnnutitv of lime is variable and insignificant. 

NeplioUu occurs in crystals in the older lavas of Vesuviu.s, with mica, idocrase, 
also at Cape di Bove near Borne, and the other localities above mentioned. 
is found imbedded in thezircon-syeinteof Brevig, Stavern, and Frcdericksviirn inNS)^ 
way ; also with felspar, mica, zircon, pyrochlorc, &c.,in the Ilmen mountains in 
also at Litchfield, in the State of Maine, with cancriuite; and in the Qzark mount|||H^ 
Arkansas, with brookite and schorlemite, ’ 

Nephelin and elmolite easily undergo alteration, producing zoolites,.^!^^|H 
Bergmannite or Thomsonit(* ; the largo amount of soda in these mineralB^!$|^ tSBi 
especially for this mode of transformation. 
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jQiescckitCf a mineral occurring in greenish-grey six-sided prisms having a greasy 
lustre, has been shown by Blum to be a pseudomorph after this species, differing from 
it merely iu containing 4*88 per cent, water. Blum also considers lubeneriic (iii. 589) 
as a similar pseudomorph. Elaeolite has been observed altered to mica. 

]g*SPHRXTE» Jade, in part, Bcil.sif in. — A liard, compact, light green, bluish, or 
whitish stont\ translucent, tough, breaking witli a splintery fracture and glistening sur- 
iace. Hardness ■= 6 — 7- Specific gravity =« 2*9 — 3*1. It belongs to the horn- 
blende family, but varies in composition, and is not a distinct miiuM*al species. 

An.ah/see: a, b,c. From the East: a. Kastner (Gehlen’s J. ii. 459). — b. Schaf- 
liiiiitl, Aim. Oh. Pliarm. xlvi. 338). — c. Hammelsberg (Pogg. Ann. Ixii. 148). — 
d. Damour, Ann. Ch. Phys. [3] xvi. 469). -r. Seheeror (Pogg. Ann.lxxxiv. 379). — 
/. From New Zealand: Ihmama stone ; green (Scheerer, loc. 



a. 

b. 

c. 

rf. 

e. 

/• 

Silica . 

. 50-50 

68*88 

54*68 

58*24 

67*38 

67*10 

Alumina 

. 10*00 

1*56 



0-68 

0*72 

Ferrous oxide 

. 6*05 

2*53 

2*15 

1*14 

1*35 

3*39 

Miinganous oxide . 

. . . 

0*80 

1*30 




Magnesia 

. 31*00 

22-39 

26*01 

27*14 

25*88 

23*29 

Lime . 

... 

12-51 

16*06 

11*94 

12*2() 

13*48 

I’otash 

• « . 

0*80 





Water . 

. 2*75 

0*27 

0*68 

, , 

2*55 

2*50 

OJiromic oxide 

. 0*05 







99*35 

99*74 

100*97 

98*46 

100*04 

100*48 


If tlio first analysis be loft out of consideration, nephrite a2:)poars to have nearly 
the composition of tremolite (see ITornui.ende, iii. 1G9). 

Nephrite occurs in ooniiC(!lioii with laleoso rock or slate and granular limestone. In 
Cliiua., Now Zealand and Nortli-west America, it i.s worked into iniago.s and orininients. 
The name is fvoni Pe<ppoy a Iciduoy, the stone having been formerly supposed to bo a 
euro for diseases of tho kidney, 

»r£ROX»X, OXXi or Essssres op. Od of Orange-Jlowers.-^A volatile oil 
obtained by distilling orange-fiowors with water. It i.s iu;ui*ly colourless when fresh, 
bgt goon turns red on exposure to light. According to Soubeiraii and Capi tai n o 
(J, Pharm. xvii. 619), it is composed of two distinct oils, one of which lias a very 
fragrant odour, and dissolves abundantly in the orange-flower water wliicli passes over 
in the distillation, while the other is nearly insoluble in water, and occurs only in tho 
oily portion of tho distillate. Tho first-mentioned oil is reddened by sulphuric acid, 
and communicates this property to the entire e,sscnce. According to Ddbenuner, oil 
of iieroli produces a peculiar acid by contact with platinum-black. Nitric acid colours 
tho oil brown. 

N( roll-camphor. According to Boullay (J. Pharm. xiv. 496) and Plisson {ibid. 
XV. 15'2, XX. 63), oil of neroli mixed with alcohol of 90 per cent, deposits a solid sub- 
stance melting at 50°, insoluble in water, sparingly soluble iu boiling absolut.o alcohol, 
very soluble in ether. Boullay and Pli.sson found in it 83*76 per cent, carbon, 15 09 
liydrogcn, and 1*15 oxygen; it is probably a hydrocarbon. — For further details re- 
specting tlie oil and camphor, see Grmlin's Handbook, xiv. 386-388. 

XTERVOXTS TXSSUE. (Vauquelin, Ann. dumus. d’hist. nat. 1811, p. 212. — 
Couerbe, Ann. Ch. Phys. [2] Ivi. 164. — Fremy, [3] ii. 463. — Lassaigrie, 

J. Oliim. m6d. [2] i. 344. — V. Bibra, Untersiwhiwgm uber das Gchirn des Mensclicn 
mid der Wirhclthicre. — W. Muller, Die chem. liesiandth. des Gehirns. — Breed, Arm. 
Oil. Pharm. Ixxxiii. p. 124.) 

Tho nervous system of the higher animals is composed, for tho most pari, of nerve- 
.fibres and nerve-cells or nerve- vesicles, the former being found in the nt>rvca, and in 
the “ white matter ” of the brain and spinal cord, tho latter in the “ grey matter ” of 
same, in the ganglia, and in some of tho peripheral organs of sense. The peculiar 
*li>lectric organs’* of certain fishes must be considered as part of the nervous sy.stem (see 
EfliECTRiciTY, ii. 470). Tho nerve-fibre consists of — 1. A “sheath,” probably analogous 
in nature to clastic tissuh. — 2. A hollow cylinder or “ medullary substance,” a mixture 
ofaome form of albumin with various fatty bodiea, having a homogeneous appearance 
jigring life, and undergoing a kind of coagulation after death. — 3. A central stem or 
^j^s-cylinder,’* composed of some protein-compound or compounds with little or no 
^ thought by' many to be fluid during life and to coagulate s{,K)nt«neousIy at death. 

also other “ gelatinous” fibres having a difforeiit structure. The typical 
nerve-yi^iclo consists of : — 1. An envelope probably continuous and identical in nature 
with the norve-shyiath. — 2. A nucleus (with nucleolus). — 3. “ Contents,” probably 
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composed of some protcin-siibstiinco with fatty and other granules. The vesicles or 
cells vary, however, exceedingly in form, size, &c. 

The reaction of living jiervo is during inaction, iieutnil (amphichromatic) ; during 
strong action, acid ; tin* rciuetion of dead nerve is acid (Fnnke, Arch. Anat. Phys. 
18o9, p. 836). l>u ]>ois- lleymond found the. olectrLc organs of Malapteriiriui 
neutral iminodiatcly after death, but becoming acid on tho third day {^ibid. p. 847). 
N(‘rvc-.substance, unlike miiscle-substauce, becomes acid wlieii boiled. 

Tho specilic gravity of tho “white matter” is 1*041, of the “grey” 1*034. 

Pro my represents 100 pts. of cerebral substance as consisting of 80 waiter, 5 fat, 
7 albumin, and 8 oxtractiA'es and salts, v. Bibra give.s 76*6 pe rcent, water, and from 
12 to 16 per c('nt. fat. The “white matter” contains less w’ater than the “grey,” tho 
mean of the former being 73 per cent., of the latter 85 per eent. The “white” is 
richest in fat, pos.sessing 11*8 per cent., while the “grey” has only 4*7 per cent. 
(Lassaigne). According to v. Bibra, the spinal cord contains less water and more fat 
than the brain, viz. CO pi'r cent, of w*atep and 25 per cent of fat, while tho nerves again 
Lave less water and more tat. than the spinal cord, though the quunl llies seem to vary 
excessi vi'ly. S e h 1 o s s b e r g e r (M iiller’s Arch. 1 858, p. 309) gives llie brain of foetu.s 
as containing from 87 '9 t(.» U2 G ])(‘r e(‘nt. of wsti*r and from 1'6 to 3*7 per cent, of fat, 
results very closely agreeing with lliose of v. Bibra. 

In 100 pis. of fresh brain. Breed found 0*027 ash, in 100 pts. of which were: — 


Phosphate of Potas-sium . . 55*21 

,, ,, Sodium . . 22*93 

„ ,, Iron . . . 1*23 

„ „ (Jalciiim . . 1*02 

„ „ Magnesium . . 3 -10 


Chloride of Sodium . . . 4*74 

Sulphate of Potassium . , 1*64 

.Phosphoric acid (free) . . 9’15 

Silicic acid , , ’42 


No department of physiological ehemistry has be<‘n so little stndi(.^d, or studied with 
HO little profit, as lhal; of tlio nervous tissue. Exact knowledge concerning the 
prof('in-eompomids in il is w’holly w'antiijg. The sul)stanee fonning the axis-cylinder 
seems to bel'.)ng to the same series as iibrin and syntojiin (myosin); it differs from the. 
former by its iiisolul.)ility in a solution of nitre, from the latter by its insolubility in 
dilute acids. The pirotein eon.stituent of the medullary substane<^ and of the cell-con- 
tents seems to bo some form of soluble albumin. It has been thought to be casein. 
Onr acquaintance with tho peculiar fatty bodies is also very unsatisfactory. Besides 
cholusterin, w'hieh occurs to the extent of 20 per cent, of total fat (v. Bibra), ol,ein, 
ste.arin, and palm kin, there have been obtained various bodies whose nature is much 
disputed. (See OaiEunoTE, Cetilxi-ote, Myelin, Steaboconote, Okeebbin, Cebebbic 
Acid, Oi.EorHOSPHOBic Acid, Gi,vcEBoi*iiosriroiiio Acid, Lecithin.) 

W. Muller fjund in human brain a small quantity of creatine, 0*05 gmi. in 
4 pounds; in ox-brain he found no creatine, but. a body resembling leucine, together ^ 
with uric acid and xanthine or hypjxaiithiiie. Ho also found in the same brain a 
very considerable quantity of ino.site, 20 grm.H. in 50 pounds. Both v. Bibra and 
W. Miill er found lactic acid, tlie latter obtaining 12 grins, from 50 pounds. Lorenz 
(Henle.-Meissncr, 1859, p. 290) found no creatine, lemrinc, ino,site, or lactic acid; 
he obtuiiKHl, however, botli xanthine and hypoxanthine. ITerz {iMd. 1860, p. 311) 
corroborates Muller. 'M. Schultze found urea and cro.atiiiine in the electric organs 
of the torpedo. Eormic and acetic acid are said to bo obtained by distillation of the 
wateiy extract of brain. The presence of the abovo crystalline bodies indicates a 
metamorphosis, very similar to that which probably takes place in muscles; but we 
know nothing of the various .steps. The largo amount of phosphorus in nervous 
tissue (1*388 — 1*79 per cent, of dry brain-substance according to Borsarelli) has 
pfompted many to attribute much to that particular element. Mental effort is 
said to increase the phosphates of the urine; but whether directly or indirectly is 
uncertain. 

Neukoram (Arch. Anat. Phys. 1860, p. 1) found in human brain in variottf'; 
diseases, leucine, creatine, and inosito, tho latter at times in very notable quantiti«)li.; 
Tyrosine was invariably absent. Grohe (Med. Centr. 1864, p. 870) found glycojj«4l' 
(without sugar) 'in tho bi-ain of a diabetic. M. FI:; ;! 

KBURO^LITB. A fibrous mineral from Stamstead in Lower Canada, containing^ 
according to Thomson, 73*00 per cent, silica, 17*36 alumina, 3*26 lime, 1*5 magneiil^fe; 
and 4*3 water. 

larBWJAM’SXZTB. Syn. with Ibidosmine (iii. 324). 

lirBWKZBBZTB. Manganic hydrate (iii. 810) from Neukirehen in Alnu^’^ 
where it forms a coating on red hmmatite, 

BrzCBBTE. See Chlouoniceic Acid (i. 921). 
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S3 


Ni, Atoinir Weight 58*8. 

TJiiH metal is rloscly allied to iron and cobalt, and is associated with them in 
riK'teorites as well as in most of its terrestrial ores. The principal ore of nickel is 
the proto-ai’senide. Nni"A8, a copper coloured mineral, to which the German miners, 
having in vain attempted to t'xlract copper from it, gave the name of knjyfrr-vickrf, 
or hiJse copper. This mineral was found by Cronstedt, in 17dl, to contain a peculiar 
metal which ho called nickel. 

Nickel also occurs as diarseiiido (jnhitc nlckd pgrites or cloanthiie) ; arsenate 
{nickfl-bloom or a?inahfrgitr'); antiirionide {breifhavpiitc)\ arsenio-sulphide {grrs- 
ihyrjfite or nickd~ghiricc)\ antinioiiio-sulphide ; as oxide, siilpliide {capil- 

Ury pyrites or viilleritr\ sulpliide of nickel and bismuth {grunauite), sulphide 
of nickel and iron ; carbonate {emerald-nickel), sulphate {py 'romdin) and silicate 
{pimdiie). 

Vreparation . — Principally from copper-nickel and from speiss. Speiss is a deposit 
formed in the pots in which roasted arsenide of cobalt mixed with copper-nickel is 
fused wdth carbonate of potas.sium and pounded qimrt.z, for the preparation of smalt in 
t!ie blue-colour works; it collects below the blue glass in the form of a metallic 
alhjy. the nickel not oxidising so easily in roasting as the cobalt. It contains, l>osidea 
rickol, principally iron, cobalt, manganese, bismuth, antimony, arsenic, and sidphiir. 
'I’he following arc some analyses of speiss: a. of unknown origin (Perth ier); h. 
from Bohemia (Ant ho n, J. pv. Chern. ix. 12) ; c. from Henninger’s German-silver 
works; this sample has been previously purific?d ; its stnicture was coarsely laminar. 
(Francis, Pogg. Ann, 1. 519.) 

Ni. Cn. Fe. Cu. Bl. Sb. A*. S. Snnd. 

fl. 49 0 3*2 , . 1-6 . . trace 37*8 7*3 0*6 = 100*0 

h. 36*2 1*3 1 1 1-5 21-5 . . 29*9 6*9 . . = 98*4 

c. 62-G 3*3 lOT 34*1 1*0 . . = 101 


The copper- nick el or tlio speiss is generally roasted in a state of powder (at a gentle 
heat at lii’st. to prevent it from bfikiug together), wliereby the greater part of tlio 
arsenic is roirioved, the nickel oxidated, and a saving of nitric* acid thus elfeet ed in the 
Hiihsequent treatment. Since, Ijowever, tlio roasting process leaves a portion of the 
arsenic combined with the nickel in the form of arsenic acid, the roasted ore must be 
sev<‘ral times intimately mixed with charcoal dust and again roasted, as long as 
vapours of arsenic continue, to be evolved. ICrdniann rnoi.stens the roasted speiss with 
Nvater and places it in a cellar for some time, wdieroby it is rendered more easily 
soluble. 


Tlie further .separation of tho arsenic and other metals may bo efTected b}" one of 
t’le following processes : 

1. Langier dissolves the roasted copper-nickel or the speiss in nitric acid, pa.s.s!P.s 
.sulj)hiiretted hydrogen through the dilute acid solution till all the arsenic, copper, 
bismuth, and antimony are precipitated; then filters; precipitates all the iron, cobalt, 
and nickel with carbonate of sodium ; wmshos tho precipitate thoroughly, and treats it 
first witli oxalic acid and then with ammonia, as described with reference to the prepara- 
tion of cobalt (i. 1040), repeating the solution of the nickel-oxalato in aqueous ammonia, 
till t he liquid which stands above the resulting preeipitato no longer exhibits a rose- 
colour, and is almost wholly free from cobalt, 

2. Berth ier dissolves roasted spei.ss or roasted copper-nickel — together with the 
quantity of iron found by previous experiments to be nece8.sary for tho sepai’ation of 
the arsenic acid — in boiling nitromurialic acid containing excess of nitric acid ; 
evaj'orates the solution to dryness; treats the residue with water, which leaves a large 
quantity of fi'rric arsenate undls.solved : and adds carbonate of sodium to the filtrate, 
stirring all the while, till the preeipitato begins to exhibit a green tint: the whqjc of 
tlu' feiTie arsenate is thereby thrown down, together with part of the cupric oxide. If 
the preci|)itate, which is white at fir.st, doc.s not ultimately turn brown, it is a sign that 
the quantity of ferric oxide present is not sufficient to carry down the arsenic acid 
With it; eon.sequently, more ferric chloride must be added, aud the feri’ic oxide 
again cautiously precipitated by carbonate of sodium. The filtrate is next treated with 
sulpbydric acid to precipitate the rest of the copper; the liquid filtered from tho 
sulpliide of copper is completely precipitated at a boiling heat by carbonate of 
sodium ; the precipitate, consisting of the carbonates of nickel and cobalt, thoroughly 
w-ashod and diffused in water; chlorine gas passed through the liquid as long as it is 
absorbed; the solution exposed to tho air to allow the excess of chlorine to evaporate, 
and then filtered. Tho filtrate contains chloride of nickel free from cobalt; it may be 

precipitated by an alkali. 

3. ^ Roasted speiss is digested in hydrochloric acid, wdiich leave.s nothing iindissolvod 
Ui^3 or^^ppr cent, of sulphur, and a few granules which have retained their metallic 
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BtAte ; the liquid ia diluted with water, and S(;parated by filtration from the 
precipitatc'd oxychloride of bismuth; the filtrate heateil to the boiling point; aqueous 
ferric chloride added to it, and tlien milk of lime in small portions — the boiling 
being still continued— till a filtered sample exhibits no longer a palo green, but 
bluish-green colour, and gives with potash a precipitate, wliich, when lieated on 
charcoal before tlu; blowpipe, yields an infusible mass of spongy nickel. As long as 
the reduced nickel continues fusible, arsenic is present, and further addition of lime is 
necessary; it is best to add the lime in slight excess, in order to insure tluj complete 
separation of the arsenic. The liquid is then filtered, and the nickel precipitated by 
milk of lime free from iron. (Erdmann.) 

4. Unrousted spelss is fused with sulphur and carbonate of potassium, as described 
for the preparation of cobalt (i. 1040, 4) ; and the resulting sulphide of nickel (which 
appears free from arsenic aftxT one such fusion and subsequent w-ashing with water) 
is dissolved in nitric acid or a mixture of nitric and sulphuric acids, and subjected to 
further treatment for the separal ion of bismuth, copper and cobalt, as described under 
Cobalt. (Wohler, Eogg. Ann. yi. 227.) 

0 . Thomson (Ann. Phil. xiv. 144) digests pounded speiss in dilute sulphuric acid, 
frequently adding pi trie acid as long as any action is thereby produced; then decants 
the green solution from the arsenious acid which separates ; and after evaporation and 
cooling, adds to the solution either sulphate of potassium, or a quantity of carbonate 
equal to half the weight of the speiss. The liquid, afU'r concentration and repose, 
deposits crystals of iiiccolo-potassic sulphate, which may be further purified by a 
Becond crystallisation. 

6. Clo oz (.Jahresb. 1857, p. 619) dissolves finely pulverised and perfectly roasted 
coppcr-nickel in strong hydrochloric acid; mixes the solution with excess of acid sul- 
phite of sodium ; and boils till the arsenic acid is completely reduced to arsenious acid, 
and the excess of siilpliuroiis acid is driven off; then passes sulphydric acid gas tlmmgh 
the lukewarm liquid to precipitate arsenic, copper, antimony, lead and bismuth ; filters 
the saturated liquid after twelve liours’ standing ; evaporates the filtrate ; treats the 
residue w'ith water ; precipitates iron and cobalt from the filtrate by carbonate of 
barium or calcium, after treating it with chlorine ; and removes the dissolved baryta or 
lime with sulphuric acid. The filtered liquid tlien yields with carbonate of sodium a 
precipitate of pure carbonate of nickel, which may be ignited and reduced. The solution 
of speiss in niti'o-muriatie acid may be treated in the same manner, after the nitric 
acid has been expelled by boiling with excess of hydrochloric acid. 

7. The following method is adopted in a manufactory at Birmingham for separating 
nickel and cobalt from the Hungarian speiss, containing 6 x^er cent of nickel and 3 per 
cent, of cobalt. The ore? is first fu.sed with chalk and fluorspar, the slag thrown away, 
and the fused product is ground to powder, and roasted for 12 hours in a reverberatory 
furnace, till no more fumes of arsenious acid are given off. The roasted product then 
dissolves almost comjpletely in hydrochloric acid. The solution is diluted w'ith water, 
mixed with chloride of lime to convert the iron into sesquioxide, and with milk of 
lime to precipitate that oxide together with the areenic. The precixntate (which is of 
no further use) is then washed, and sulphuretted hydrogen passed through the clear 
liquid till a filtered sample gives a black x)recipitate on the addition of ammonia. The 
precipitated sulphides (wliich are likewise of no further use) having been washed with 
water, the solution is next treated with chloride of lime to precipitate the cobalt, and 
then w-ith milk of lime to throw down the nickel. The cobalt -precipitate is converted 
either into sesquioxide by gentle ignition, or into protoxide by strong ignition, and 
Bent into the market in one or other of these forms ; it is said to be very pure. The 
precipitated nickel is reduced by charcoal, and sold to the manufacturers of German 
silver. (Louyet, J. riiarm. [3] xv. 204.) 

8. At Klefva in .Sweden, a magnetic pyrites containing copper and nickel is worked 

fbr the extraction of the latter metal. The ore after being roasted in heaps is fused in 
a shaft-furnace, with addition of quartz. The greater part of the iron then passes into 
the slag, as silicate, in the treatment of coyiper-ores (ii. 24), and a matt is obtained 
containing about 6 per cent, nickel, together with copper, iron, and sometimes a littlfli 
Buljiliur. This matt is reduced to coarse jiowderand roasted in a reverberatory furnace/ 
theiy fused again in a shaft-furnace. After a certain number of alternate fusions and 
calcinations thus conducted, malts are obtained xery rich in nickel, the final product 
being an alloy formed of 70—80 per cent nickel, 18—22 copjior, and 1*0 to 2 6 iro^ 
This alloy is broken up into small pieces and sent into the market as ** crystullk^ 
nickel.” (Pelouze et Fr4my, 3me. ed. iii. 530.) 

For other modes of preparation boo the work just cited; also GmelirCs Handh<io% 
V. 355-360. 

In all processes for obtaining a pure salt of nickel, the most diflScult point is tift 
6ex>aration of the cobalt. The methods of separating these two metals have 
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already described under Cobalt (i. 1046); the best and easiest of execution is perhaps 
that of A. Stroraeyer founded on the precipitation of cobalt by nitrite of potassium. 
Good results are also obtained by Liebig's method with cyanide of potassium and mer- 
curic oxide (see further p. 39), and by that of H. Hose with chlorine and carbonate of 
barium, ns in the sixth mode of proparation above described, which yields a per- 
fectly pure salt of nickel. 

Redmiion. — A pure solution of nickel having been obtained by one of the processes 
above described, it is precipitated by a caustic alkali or alkaline carbonate ; the bulky 
precipitate of hydrate or carbonate of nickel is carefully washed; tlien spread out on 
filters to dry, and the desiccation is finished by heat. The dried precipitiite is then 
introduced, either alone or made up into a stiff paste with oil, into a crucible lined with 
charcoal, and exposed to the heat of a powerful air- or blast-furnace, whereby the metal is 
obtained in the form of a fused mass. On the large scale the reduction is effected by a 
cementation process. A number of cylinders of refractory clay are set vertically in a 
furnace so that the flame may play round them on all sides. They are open at top and 
terminate below in truncated cones, tho bases of which are below the fire-bars, 
and are provided with apertures lor removing the charge. The dried oxide of nickel, 
in lumps or small cubes measuring about 0’02 mm. in the side, is mixed with pulverised 
charcoal and thrown in at tln^ top of the cylinder, and the fire is strongly urged. The 
oxide of nickel is then decomposed by the heated carbonic oxide in the furnace, tho 
reduced metal retaining the form of the lumps or cubes of oxide introduced Tho 
reduced metal is discharged from time to time through the orifices in the bottoms of 
the cylinders, a fresh charge being at the same time introduced by tho top, so that the 
process is to a certain extent continuous. To obtain the metal in ingots, the lumps 
formed as above arc fused at the stronge.st heat of a forge-fire. 

Metallic nickel may also be obtained by i^iiting the oxide in hydrogen gas, or by 
heating oxalate of nickel or of nickel -ammonium under a layer of pounded glass not 
containing any heavy metal. These proce.sses yield it in the pulverulent form. 

Nickel may be obtained in brilliant white laminje by the electrolysis of an ammo- 
niaeal solution of sulphate of nickel and ammonium. (A. C. and E. JBecquerel, 
Compt. rend, Iv. 18.) 

The nickel of commerce is seldom pure. Lassaigne found the composition of three 
samples from different sources to be as follows : 

Silicious 

Ni. Co. Cu. Fe. As. Al*0®. residue. 


Gorman 

English 


66-75 ' . . 

27-60 

12*55 . . 

. . 3*70 « 

100 

54-60 . • . 

30*10 

11*30 trace 

. . 4*00 « 

100 

73-30 22*10 

trace 

1*00 

2-50 0 50 

100 


li. Thompson (London Journal of Arts, Feb. 1863, p. 65) found in vanous samples 
of commercial nickel from 76 to 86 per cent, of the pure metal. He obtained a purer 
product containing 88 j)or cent, nickel by roasting nickel-glance (arson io-sulphide of 
nickel) with half its weight of quicklime in a cupola-furnace urged by a blast. 

Vrnperiies. — Pure nickel in the compact state is silver-white, ductile, malleable, not 
much more fusible than iron, which, according to Deville, it even surpasses in tenacity. 
Nickel containing small quantities of carbon is more fusible than the pure metal. The 
specific gravity of nickel is 8*279, increasing to 8*666 by forging Nickel is magnetic 
at ordinary temperatures, but loses this power at 260®, rec^ering it however on 
cooling. Nickel previou.sly heated burns in oxygen gas like iron, and is converted into 
oxide. The pulverulent metal obtained by reduction in hydrogen at a low red heat, 
takes fire spontaneously in contact with the air. Nickel dissolves in hydrochloric acid 
and in dilute sulphuric acid witli evolution of hydrogen, easily in nitric and in nitro- 
muriatic acid. 


WXCXCBlj, .a.BZiO'VS OVm Nickel unitus with other metals, forming for the 
most, part white malleable alloys (see the several metals). The most important is the 
alloy of nickel, copper and zinc, known as German 8ilTer(see Copprr, Alloys op, ii. 61). 
Meteoric iron is an alloy of iron and nickel (see Meteorites, iii. 377). An alloy of nickel 
and aluminium^ APNi, is obtained in large tin-white laminte, of sp. gr. 3-647, bj^melt- 
ing 8 pts. aluminium with 3 pts. sublimed chloride of nickel and 20 pis. chloride of 
potassium and sodium, and treating tho resulting regulus with dilute hydrochloric acid 
Michel, Ann. Ch. Pharm. cxv. 102). The alloys of nickel with arsenic and antimony 
occur SIS natural minerals. 

mcjLBXi, AnrTZMosrxBB of. Antimonial Nickelt Breitluiuptite. Ni*Sb*.— 
J his mineral was formerly found in the Andreasberg mountains, but the vein has long 
ueen exhausted ; it occurred in thin hexagonal plates, also massive and disseminated, 
bistre, light copper- rod colour on the fresh fracture ; sp, gr. 7*641 ; 

D 2 



36 


KICKEL: ARSENIDE. 


nrXCKBXi, ASrTZMOXrZO-SirXiPBZDE of. 8eo NiCKKL-or.ANCE (p. 43). 

nriCJCEB, ARSBITATB OF. Annahenjite, Niciccl-hloom, Nlc/cel-ffrre',}^ 
(Nr)®As*0\8ir‘0. — This compound occurs naLivo in sofr, apple-green, capillar^-, 
moMOclinic crystals, also massive and disseminated. Jlardness = 2 & to 3*0. Sp. gr, 
= 3-078 — 3*131. The following analyses are — a. hy Bert hi or (xVnn Ch. Phya. 
[2] xiii. 62; 6. byStrorneyor (Sehw. J. xxv. 220); c, by Kerston (Pogg. Ann. 
X. 261): 

As^O* NiO CoO 11*0 
tf. Allemont 36*8 3G-2 2*6 25-5 = 101 

b, Rwchehdorf 36*97 37*85 . . 24-32 FeW 1-13, S0» 0*23 = 100 

c. Schnceberg 38-30 36*20 1*53 23-91 FeO trace = 99-94 

The formula requires 38-41 As*0*, 37-52 NiO and 24 0 H^O. The mineral occurs on 
white nickel, at Allemont in Bauphiny.and is supposed to result from a decomposition 
of this ore ; it is found also at Kamsdorf near Saalfeld, at Aiinaberg, and in otlu r mines 
of nickel ores. It has occasionally been observed ass(>ciate(i with copper-nickel, in 
the cobalt mine at Chatham, Connecticut (Dana, ii. 418). liespecting the artificial 
arsenat/O of nickel, see i. 313. 

BTZCBLBXif ABSBWZBES OF. A very small quantity of arsenic is sufficient to 
render nickel fusible before the blowpipt* under borai^. (Berzelius.) 

a. Ni^As'**. A brittle non-magnetic alloy having this conipositioii, is obtained by 
heating 100 pts. of finely divided nickel in a close vessel with exces.s (200 pts.) of 
.arsenic, or by heating arsenate of nickel to whiteness in a charcoal-lined crucible. 
L, Gmelin {Handbook^ v. 388) describes, on the authority of Platlner, an arsenide 
of nickel called Placodin, having nearly the .same cornposiliou, viz. .^)7 0.) per cent, 
nickel, 39*71 arsenic, 0*92 cobalt, 0*86 copper, a trace of iron, and 0 (>2 sulphur. 

/3. Ni'As*. Speiss is sometimes found in crystals of the dimetrie. sysiem having 
this composition. A specimen from a disused smalt-furnaco was found by W 6 tiler 
(Pogg. Ann. XXV. 302) to contain 52*70 per cent, nickel, 44*05 arsenic, 1*65 sulphur, 
tind 1*60 manganese, iron, and copper, the formula Ni^As’*^ requiring 54*13 nickel and 
45*87 arsenic. This crystallised speiss, which is somotirues found in the spei.ss run 
out from the crucibles, appears to be produced by long continued fusion of coppcr-aickel 
contained in cobalt ores. 

y. Ni-As'^ This is the composition of Copper-nickel^ the principal ore of the 
fnetal, whicii occurs in hexagonal priijms, oP . oop, isomorphous with antimoniul 
nickel, having the length of the principal axis = 0*81944, more frequently massive, 
with nearly impalpable structure; also rciiiform with columnar structure; also reticu- 
lated and arborescent. Hardness - 5*5. Sp. gr. — 7*33 — 7*67 1. Opaque, with metallic 
lustre and copper-rcd colour, with a grey to bluckisli tarnish. Slr<'ak pale brown i.sh- 
black. Fracture uneven. Brittle. Before the blowpipe on cliareoab it emits arsenical 
fumes, and melts to a white globule, wln'eli darkens on i'.\])Osure to the air. In nitric 
acid it becomes covered with a green coating mid dissolves in nitro- muriatic acid. 

Anafyncis. — a. From Rieclielsdorf (Stromoyer, Gott. gel. Anz. 1817, p. 204). — 
h. From Kriigeroo in Norway’ : sp, gr. 7*662 (Scheerer, Pogg. Ann. Ixv. 292). — c. From. 
Ayer: sp. gr. 7*39 (E be linen, Ann. Min. [4] xi. 5b\—d. Westphalia (Sch nab el, 
Hammchberg' s Mineralcheviic^ p. 20). — e. Allemont in Dauphiiiy (Borthier, Ann. Ch. 
Phya. [2] xiii. 62).—/. From Balen in the Pyrenees (Berthier, he, eit.)'. 


a. 

As. 

64-73 

8b. 

S. 

0-40 

Ni. 

44*21 

Fe. 

0*34 

Pb. 

0*32 

Co. 

Cu. 

Gangue. 


100 

b. 

54-35 

. . 

0*14 

44*98 

0*21 

. , 

, , 

0*16 

, . 


99*84 

c. 

62-71 


0*48 

45*37 


. . 

, . 

1*44 

. . 

= 

100 

d. 

64-05 

0-05 

2*18 

43*50 

0*45 

, , 

0*32 

, , 

0*20 

S3 

100*76 

V. 

48*80 

8*00 

2-00 

39*94 



0*16 

. , 

. . 

= 

98*90 

/• 

33*0 

27-8 

2*8 

33*0 

1*4 




2-0 

«= 

100 


Copper-nickel is found accompanying cobalt, silver and copper, in the Saxon mines of 
Annaberg, Schneeberg, &c. ; also in Thuringia, Hesse and Styria, and at the other 
localities above-mentioned ; occasionally also in Cornwall, and at Leadhills in Scotland. 
At Chatiiam, Connecticut, it is found in gnei.ss, associated with arsenide of eobnit. 

5. NiAs*. This compound occurs in two forms: — 1. As Cloanthitc or White Nickdy 
in monometric forms, viz. cubes, octahedrons, trapezohedron.*?, 202, and the cqii^^ 
binations shown in figures 174, 175, 176, 202, 205, &c. (ii. pp. 123, 124, 13i>), iso* 
morphous with smaltin, CoAs- (i. 1040). - -2. As Jiummchbergit^', in triinetric prisma- 
having the angle ooP : ooP = 123® — 124®. Also massive and in reticulated an4 
imitative shapes., Hardness — 5*26 to 6. Specific gravity = 6*168 — 7*2. .Lustre 
metAllic. Colour tin-white, inclining when massive to steel-grey. Btreak greyisi^^ 
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M/K'k. Opaque. Fracture granular and uneven. Brittle ; Ramin clsbergite, however, 
is slightly ductile. Behaves before the blow-pipe like copper-nickel. 

Aniift/srs . — a. From 8(*lii»eeberg (If ofmanii. Pogg. Ann. xxv. 491, 494). — b. Riechebs- 
dorf (booth, ////V/. xxxii. .‘l9o).— c. Joacliiinslhal in Bolieniia : specitic gravity 6*89 
(.Marian, liannmhfierg'a Min( rafch.r.mu\ p. 21). — d. Kamsdorf near SiPalfehl: speeilie 
gravity 6'73o < liam nielsborg, ibid .). — e. The Annivierthal in the Valais (IB'rth i er, 
Ann. Min. [3 ] xi. o04). — f. Alleinont (Ram rn elsberg, loc. cit.).—g. Chiithaiii, Con- 
necticut; Chaihaviite ; massive (Shepard, Sill. Am. J. xlvii. 351). 



As. 

s. 

Ni. 

Co* 

Fe. 

c:u. 

Ri. 


a. 

71-30 

0*14 

2‘ -14 


, 

0-50 

2*19 = 

102-27 

b. 

72-64 


20-74 

3*37 

3*25 


. . = 

100 

c. 

71-47 

0-58 

21*18 

3-62 

2-83 

0-29 

. . »= 

99-97 

d. 

70-34 


28-40 

. 


. 

. . = 

98*74 

c. 

r).)-()2 

2-90 

26*75 

3*93 

1*4() 

. 


100 

f 

71-11 

2-29 

18 71 

, 

6-82 

, 

. . = 

98-93 

9- 

70-00 

. . 

12-16 

1*35 

17-70 

. . 

. . = 

101*21 


Cloantliite occurs with silvc'r and copper in the same localities as sniallin (ii. 1040;; 
the Connecticut luiuerul (^Chathamite) occurs in mica-slate, associated generally with 
jnispickcl and sometimes with copper niekel. Ranimelsbergito is found at Schneeberg 
and at Rieclu'lsdorf. 

Ciornithite and snmltin may be regarded as belonging to the same mineral sp(‘cios, 
iinhvd tin; nickel and cobalt are found replacing one another in all proportions without 
any all vrat ion in the cTy.stalline form of the mineral (see Dana, ii. 57). There are 
also minerals, still occurring in the snme forms, in wdiich the number of atoms of a.rsenic 
is to that of the positive metals (nickel, cobalt, iron) as 4 : 3 and as 3 : 2, the percen- 
1:ige fd' jir.s<Miic in the funner being al30ut 75, and in the latter 78 or 79. The.se mono- 
Tiictrie arstaiides of niekel and cohalt may therolbre be included in the general formula 
wliere R stands for nick*;!, cobalt, and iron (regarded as monatomic metals) re- 
placing one another isomorphously. {^RatMuthberg' 8 MincralchtmiL\ p. 25.) 

ItrxCKSXi, ARSEXrXOSUXPHZDS OF. See Nickki.-qj.anck (p. 43). 

nZCREIji, SXtOlMCZlIE OF. ISi'dlr'C- The anhydianis bromide obtained by 
j)a.ssing bromine-vapour over retl-hot nickel-fdings, forms shining yellow scales .soluble 
in water, .ilcohol and ether; the aqueous solution yields by ovaporalion green crystals 
of the liyd rated bromide Ni'Tlr-. 311-0. 

Bromide of nickel unites wdth ammonia, either in the dry or in the wet way, forming 
tile com})(juii(l Ni"Br'.0MHb It forms light blue crystals, soluble in a small quantity 
of water, but decomposed on diluting the solution. 

RXCKEX, CARBOSTATE OF. Occurs native as Emcrald-nichd (see Cau»o- 
NATKS, i. 789). 

RXCREX, CKXORZBB OF. NV'Cl*. — Obtained by heating nickel-tilings to 
low redness in a stream of chlorine, or by gently heating the hydrated chloride. 
It is volatile and sublime.s at an incipient red heat, in golden-yellow scales like mosaic 
gf'ld. It is d(?composed by hydrogen at a red heat, yielding a shining coherent mass 
of metallic niekel. 

Anhydrous chloride of nickel dissolves in water after prolonged boiling, yielding a 
solution of a fine green colour, which may be likewise formed by dissolving the oxide 
or carbonate of nickel in hydrochloric acid. This solution, when evaporated, deposits 
the hydrateil chloride, Ni"Cl''',9Jl''0, in green crystals, which when exposed to, the air, 
d(di(jue.sci> or effloresce slightly, according to the quantity of moisture present. Chloride 
of nickel dissolves .slightly also in alcohol. 

Anhy<!rouH chloride of nickel absorbs ammonia gas, forming the ammonio^chlorid^^ 
Nit'l-.GNJi*, analogous to tlm ainmonio-bromide above described (H. Rose). The. same 
compound is obtained in blue octahedrons by dissolving chloride of nickel in warm 
caustic ammonia in a clo.sed vessel. (Erdmann.) 

Chlor 'ule of Nickel and Ammonium^ NI.l*Cl.Ni"CF.6H*0, is deposited on mixing 
1 X't. of hydrochloric acid saturated with ammonia, and 2 pts. of the same acid satumted 
With cfirl)onato of nickel, in deliquescent crystals isomorphous with the corresponding 
taagnesium-salt. (Hautz.) 

»rXClCEX, BETSCTZOXr ARB BETXMATZOir OF. 1 . Blowpipe Re- 
act ion. s . — All nickel-salts heated with carbonate of sodium on charcoal in the inner 
Ihiaie are easily reduced to a grey metallic powder, which is attracted by the magnet. 
With borax they give, in the outer flame, a clear bead which is hyacinth-red while hot, 
and palb or dark yellow (according to the quantity of nickel present) on cooling; the 
addition of nitrate or any other salt of potassium gives a blue or dark purple colour to 
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the bead. In the inner flame the bead becomes ^ey and opaque, owing to the redtic- 
tion of the metal. With microcosmic salt they give in both flames a clear bead which 
is dark yellow while hot, and almost colourless on cooling. The presence of cobalt, 
even in small quantity, masks these reactions to a great extent, by the deep blue colour 
which it produces. 

2. Beactions in Nickel forms but one class of salts, and these are 

analogous in composition to the chloride above described ; they are green in solution 
or when they contain water of crystallisation ; yellow when anhydrous. Their solutions 
redden litmu.s. — SiJjyhydric acid does not precipitate nickel-saits fn^m acid solutions, 
and only very partially from a neutral solution of a salt of a mineral acid, such as the 
sulphate or clilorido ; but acetate of nickel, or any nickel-salt mixed with acetate of 
sodium, is completely precipitated by sulphydric acid on heating the solution, unless a 
large excess of acetic acid is present. The precipitHt(^d sulphide is black, difficultly 
soluble in dilute hydrochloric or acetic acid, easily in nitric or nitro-muriatic acid. 
Sulphide of am)mnium precipitates sulphide of nickel, slightly soluble in the reagent, 
forming a dark-brown solution, whence the sulpliido is precipitated by boiling. (Hence, 
a brown colour in the ti Urate from tlie sulphide of ammonium precipitate is a sign of 
the probable presence of nickel.) — Hydrocyanic acrid precipitates all the nickel as 
greenish-white cyanide, from acetate of nickel, or from any nickel-salt mixed with sufli- 
cient acetate of sodium. — Cyanide of potassium precipitates the cyanide from all 
nick(jl-salts ; excess of the r(‘agent dissolves the cyanide of nickel, forming a soluble 
double cyanide of nickel and potassium, which is decomposed by dilute sulphuric or 
hydrochloric acid, hydrocyanic acid being evolved, and cyanide of nickel precipitated, 
which requires boiling with excess of acid for its conversion into a soluble nickel- 
salt. Ferrocyanide of potassium gives a greenish- white precipitate ; ferricyanide a 
yellowish-green precipitate, both insoluble in hydrochloric acid. — Phosphate or arse- 
nate of sodium gives a greenish-wliite precipitate of phosphate or arsenate of nickel. 
Oxalic acid gradually precipitates all the nickel as greenish-white oxalate, soluble in 
ammonia; when the solution is exposed to the air, the oxalnto of nickel slowly 
separates out. — Alkaline carbonates precipitate an apple-green basic carbonate, soluble 
with greenish-blue coUnir in excess of carbonate of ammonium. — Potash precipitates 
the apple- green hydrate, insoluble in excess, soluble in ammoniacal salt.s. — Ammonia 
does not precipitate nickel-salts when free acid or chloride of ammonium is present ; 
from neutral solutions it partially precipitates the liydrato, which is soluble in excess, 
forming a blue solution, whence the hydrate is precipitated on the addition of suffi- 
cient potash. If but little nickel be present, the ammoniacal solution becomes distinctly 
blue only after long exposure to the air. — Alkaline hypochlorites mixed with caustic 
alkali (a solution of bleaching powder or chloride of soda for example) form a black 
precipitate of hydrated peroxide of nickel. 

3. Quantitative Estimation. — Nickel is best precipitated from its solutions by 
caustic potash, which throws down an apple-green precipitate of the hydrated protoxide, 
and if the liquid be heated, leaves not a trace of nickel in the solution. The precipi- 
tate must be washed with hot water, dried, ignited, and weighed ; it then consists of 
pure protoxide of nickel, containing 78*67 per cent, of the metal. 

The oxide may also be reduced by heiiting it to redness in a stream of hydrogen, 
and the reduced metal weighed after cooling in tlie stream of gas. 

In semirating nickel fi’om other metals, it is often necessary to precipitate it by suU 
pihide of ammonium ; this precipitation is attended with difficulties, bccau.se the sul- 
phide of nickel is somewhat soluble in the alkaline sulphide. To make the precipita- 
tion as complete as possible, Hose directs that the solution be diluted with a considerable 
quantity of water, and tlien treated with sulphide of ammonium, as nearly colourless 
as it cun be obtained, avoiding a large excess of the precipitant and likewise an excess 
of ammonia ; the glass is then to be covered up with filtering paper, and loft in a warm 
place. Under these circumstances, tlie excess of sulpliide of ammonium is decomposed 
by the oxygen and carbonic acid of the air, without risk of the sulphide of nickel being 
oxidised. As soon as the supernatant liquid has lost its brown colour, the jprecipitato 
is collected on a filter and washed as quickly as possible with water containing a little 
sulphide of ammonium. It must thou bo dissolved in nitromuriatic acid, and the 
nickel precipitited by potash as above. 

4. Separation from other Metals. — The methods of separating nickel from 
other metals are for the most part the same as those already described for separating 
cobalt from the same metals (i. 1046), excepting of course, the precipitation with nitrite or 
potassium, and the other methods which serve for the separation of cobalt from nickel itaelt . 
From copper and the other metals of the first moup, it is separated by 

from the metals of the. alkalis and alkaline earths and from magnesiun^ v 
by precipitation with sulphide of ammonium, with the precautions above indicated, ^4 
in the case of magnesia, with addition of sal-amnioniac to retain that base in solutioxv^ 
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Wickel may somet imcs be separated from the a 1 k a 1 i-m e ta I s by erapora t i ng th c vvl i ole 
to dryness and igniting the mixture in a current of hydrogen, whereby the nickel is 
reduced to the metallic state and may be separated from the alkaline sail shy dissolving 
out the latter with water. This mode of separation is especially applicable when the 
metals are in the state of chloride. 

From magne.siiim, nickel maybe separated hy cya^iidf'. of potassium. The two 
metals are first precipitated by an alkaline carbonate, and cyanide of potassium is then 
added in quantity sufficient to redissolve the inagnesiuin, a fresh quantity of alkaline 
carl)onate is tlien added, and the whole is evaporated to dryness. On treating the re- 
sidue with water, the magnesia i-einains undissolvcd, while the nickel dissolves as double 
cyanide, and may be precipitated by sulphide of amnioniuni as above. 

When the magnesium and nickel can be converted into neutral acetates, the sepira- 
tioii Is easily effected by passing sfi7p?i//dHo acid pas through the dilute solut ion. The 
nickel is then completely precipitated as sulpliide, while the magnesium remains 
dissolved. 

Lastly, the separation of nickel and magnesium maybe effect'd by treating the solu- 
tion with a mixture of hypochlorite and hydrate of or socliuhi^ whereby per- 

oxide of nickel is precipitated, mixed or combined with hydrate of magnesium ; and 
the precipitate after thorough W’asbing, is digested with an excess of solution of mer- 
curic chloride. A doubl<> cliloride Of magnesium and mercury is thereVty formed, and 
the magnesia remains dissf)lve.d, an equivalent quantity of oxychloride of mereiivy 
being at the same time precipitated. The sohition is evaporated to drym^ss, the residue 
calcined and treated wit h pure nilrie acid, the resulting solution evajiorated to dryness, 
and tlie rosiclun of nitrate of magnesium calcined and weigh(?d as magnesia. The 
j>eroxido of nickel is also ignited to drive off the mercury with which it is mixed, and 
finally reduced to the metallic state by ignition in a current of hydrogen. (H. Kose, 
TraUe de Chimie Anaiytique^ 1861, ii. 213.) 

From barium, strontium, and calcium, nickel may be separated by cyanide oj 
potassiuin in the same manner as from magnesium. 

From aluminium nickel may be separated by the same processes as cobalt 
(i. 104.')), also by cyanide of ^nddssivm ’wi the manner just described for magnesium ; or 
by carbonate of barium, wliich precipitates the aluminium and not the nickel. 

From iron (in the ferric state) nickel may bo separated by succinate of ammonium 
or by acetate of sodium, or by digesting the precipitated sulphides in dilute hydrochloric 
acid, as described for cobalt (i. 1 040) ; from manga n ese by the last mentioned method ; 
also by pentasidphide of calcium, or by cyanide of 2^otassiuvi, or by igniting tho mixed 
chlorides in an ntmosphere of hydrogen, exactly as described for cobalt ; from zinc al.so 
by fbislast method, or by converting tho two metals into acetates, adding a large excess 
of add, and pn^cipitating the zinc with sulphydric acid as for cobalt. From uranium, 
nickel is S(*parMted by precipitating the former metal in the state of uranic oxide with 
carbonate of bar mm. 

'I he methods of separating nickel from cobalt have been already described (i. 104G). 
LI fbig’.s method may be advantageously modified as follows: — Instead of treating tho 
solution of tlie mixed cyanides w'ith mercuric oxide, a solution of hypiochloritc of sodium 
is added in excess to tho boiling alkalino liquid, in quantity sufficient to de-stroy the 
free cyanide of potassium. Tho nickel is thereby p>recipi kited as peroxide in the form 
of an intensely black powder, w'hich is easy to wash, and may then bo converted by 
ignition into the protoxide, in wdiich state it may bo weighed. Traces of nickel which 
escape discoveiy by other metliods may thus often bo detected in cobalt. Care must 
bo taken to ascertain the absence of manganese, as it would go down with the nickel, 
accompanied also by trace.s of iron if the latter metal w'ore present. {Miller' » Eiemenic 
of Chemistry, 3rd ed. pt. ii. p. 668.) 

Analysis of IS'ichl-orcs. — Most of these ores contain large quantities of arsenic, the 
separation of which by precipitation with sulphydiic acid is along and tedious proa-ss. 
A better method is to fuse the finely divided com^jound with six times its weight of a 
mixture of equal portions of nitre and carbonate of sodium, extract the alkaline arse- 
nate thus formed with water, and dissolve the remaining oxides in hydrochloric acid. 
Or the compound may be fused with three times its weight of sulphur and carbonate 
of potassium, the alkalino sulpharsenato extracted with water, and the re.sklual 
^sulphides dissolved in hydrochloric .acid with gradual addition of nitric acid. The acid 
solution, in either case, is then nearly neutralised with carbonate of sodium, acetate of 
sodium is added, and tJie whole is heated to boiling, whereby all the iron is preeipitated. 
The filtrate is acidulated with hydrochloric acid and saturated with sulphydric acid (to 
remove copper, bismuth, &c.) and filtered ; the filtrate is heated to expel sulphydric 
acid ; and the cobalt and nickel are precipitated by carbonate of sodium, and separated 
by one of the methods al>ove referred to. Or the ore is dissolved in strong hydrochloric 
acid, with gradual addition of nitrief acid; the solution is heated to boilmg and nearly 
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neutralised with carbonate of sodium, with addition of acetate of sodium, and (unless 
the precipitate has a reddish-brown c«>lour) of ferric chloride also ; the liquid, after 
boiling for some time, is filtered from the basic ferric arsenate thus produced ; and the 
filtrate, which is now free from arsenic and iron, is treated as before. (Conwgioiis 
Manual of Chemical Analyal!^, p. 143.) 

Atomic Weigh t of Nickel. — Roth otf (Fogg. Ann. viii. 184), by converting a 
weighed quantity of nickel-oxido into chloride, and determining the amount of chlorine 
contfiined th('Pi*in by j)rccipitation with nitrate of silver, found the atomic weight of 
nickel to be oO. Erdmann and Marchand (Ann. Ch. Pluirm. Ixxxii. 70 )» hy the 
analysis of tlni protoxide, found Ni - 5‘J-64 — /)9-78. Schneider (Ann. Cli. Pliarm. 
civ. li'JO), from the analysis of oxalato of nicktd, found, as a mean of four experiments, 
Ni -110. Dumas (Ann. Ch. Pharm. cxiii. 24), hy the same method as Rothoff, found 
Ni -- oJ) ; and lastly, W. J. Russell (('hem. Soc. J, xvi. 5H), by reducing pure ])rol- 
oxide of nickel in an atiiiosphero of hydrogen, find.s, as a mean of several e.'cpcriments, 
Ni -/)8-74. 

23-XCZ£S3., SMERAXiX). Native hydi-ocarbonato of nickel, Ni"C0^2Ni'lI«0«. 
(See Cauu()N.\tks, i. 789.) 

NXCKEE, FXiVORXXIE OP. Ni"F^. — Obtuiiuxl liy dissolving oxide of nickel in 
hydroHian-ic acid, and separates from the acid solution in irregular green crystals. 
It unites with the fluorides of the alkali-metals, forming very soluble double lluorides 
which are deposited in granuhir crystals on evaporsitioii. Fluoride of nickel and alu^ 
minium separates by evaporation from a mixed solution of the component fiuorides, in 
green needK^s which dissolve in water slowly, but completely. 

tidicojluoride of nickel crystalli.ses in green hexagonal prisms. 

mCKEIi, XOBXDES OP. Ni"P. — When piilvernlent nickel is heated in iodine- 
vapour, a mixture of iodide of nickel with metallic nickel and the oxide is formed, 
from which the pure iodide may bo obtained by substitution, also hy heating the 
hydrated iodide. It forms iron-black metallic shining scales which become moist on 
contact with the air, form a red-brown solution witli a small quantity of water, and 
a green .solution witli a larger quantity. This solution may also he prepared by 
dissolving hydrate of nickel in hydriodic acid, or hy treating finely tiivided nickel with 
water and excess of iodine. When evaporated, it deposits the hydrated iodide, 
Ni"r-'.(:)H'‘*0, in deliquescent crystals, wl)ich wh(3n heated in cjuitact with the air, give 
• iff a little iodine, yield a sublimate of tlie anhydrous iodide, and leave a residue of 
nickel-oxide. The aqueous solution dissolves a considerable quantity of iodine, which 
colours it brown -red. 

An oxyiodyle of nickel is formed by dige.sting the solution of the io<lide with 
liydrate (if nickel, or by evaporating tbo same solution qtiickly to dryness in contact 
with the air, and dissolving out tlio undocomposod iodide from the residue with 
watm*. 

Anhydrous iodido of nickel absorbs ammonia gas when heated in it, forming the 
yt'llowisli-white coinpoiiud Ni"D.4NH'*. Ry dissolving the iodido in hot aqueou-s 
ammonia, blue octahedrons are obtained consisting of sparingly solublo 

ill water and in aqueous ammonia. The ammoniacal solution mixed with alcohol 
yields a green precipitate containing ammonia. 

WXCKEE, XrXTRXDB OP. Formed, according to Schrotter, by heating pro- 
toxide of nickel to 200'^ in amuioiiia-gas. • 

srXCKEXiy OXXBES OP. Nickel forms two oxides, a protoxide and a 
so.squi oxide ; the former only i.s a salifiable base. 

Protoxide, Ni "0. — This oxide is obtained in the anhydrous state hy calcining the 
nitrate, hydrate or carbonate td’ nickel, or by heating metallic nickel with nitre. Jfc 
niay be freijd from traces of peroxide which it sometimes contains, by heating 
it to about 100° in hydrogen -gas (Erdmann). Russell (Chein. Soc. J. xvi. 68) 
prepares it by calcining oxalato of nickel, dissolving the residue in nitric acid, 
(ivaporatiiig, and exposing the residue to .strong and continued ignition over a gas 
lurnacc. It is a dense green or greyish-green, noii-magnetic powder, which does not 
absorb oxygen from the air, either at common or at higher temperatures. It is 
reduced to the metallic state by hydrogen at a red heat, and by charcoal at a white 
heat. 

Anhydrous oxide of nickel has been found crystallised on the surface of black copper 
(ii. 30) reduced from nickeliferous copper ores, in microiscopic regular octahedrons, 
opjique with metallic lustre, n on-magnetic., and having a specific gravity of 6'605, 
insoluble iu nitric, hydrochloric, and even nitro-hydrochloric acid, and dissolving with 
diificulty in boiling sulphuric acid (Go nth). Similar crystals of anhydrous nickel- 
oxide have been found by Bergeni anil 4J. «r, Chem. Ixxv. 263), together with natiy9 



NICKEL : OXYCHLORIDE-^PHOSPIIIDES. 


41 


in cavities of a mineral chiefly consisting of arsenate of nickel, said to he from 
J«)]TMnn-(>corgcnstiLdt. Debray (^Conipt. rend. lii. 985) has obtained protoxide of 
iiickol in the crystalline form by strongly igniting a mixture of sulphate of nickel and 
fiulpbato of potassium. 

The hydratM prof,oa)(le or hydrate af nickel^ Ni'TPO'^ or NiO.H‘0, is obtained, as an 
apple-green precipitate, by treating the solution of a nickel-salt with excess of caustic 
p(Uash or soda, and is d(!])Ositcd as a green crystalline ])owdcr from a solution 
of the carhonato in exiajss of miiinonia on st;iiiding or evaporation (Pelonzo and 
Frcmy). When heated it gives olF its water, hikI leaves the aidiydrous protoxide, 
It dissolves easily in acids, forming the nickel salts ; also in a)nnio 7iia, foiming a violet- 
isf)lution, from which it is precipitated hy the tixed alkalis or alkaline earths, the pre- 
(.‘ipilate consisting of a compound of oxide of nickel witli the precipitating oxide. 

V orystnllino hytlrate of nickel contiiining Ni'Tl^O'MDO has been found as an 
incrustiifiori on chrome-iron at Texas in Pennsylvania. It is transparent, has an 
crm rald-grecn colour, and a density of 3*05. (»Si Hi man, Sill. Am. J. [2] iii. 40.) 

Protoxide of nickel unites with other metallic oxides, playing the part of an acid 
with strong bases, such as potash {vid. sup.) and that <d’ a base wiili alumina, ferric 
oxi<le, (See. When ammonia is added to a soluiion containing nick(jl tijgct.her with 
metals whose oxides are insoluI)l<i in atumonia, the precipitatA'd oxiilo almo.st always * 
carries down with it a certain quantity of nickel -oxide ; hence this method of separat- 
ing nickel from other metals does not give exact results in quantitative analysis. The 
same indeed is true more or loss with regard to the separation of all metals by the 
relative solubilities of their oxides in c.austic alk.alis, e.y. of aluminium and iron hy 
potash. 

Sesquios'ide or Peroxide of Nickel, Ni^O*. — Tin’s oxide is produced hy 
calcining the nitrate at a inodi'Cato h(;at. It is a black pow4ler of spocifi(; gravity 
4 St (llerapat h) which is rosohaa! l>y ignition into oxygen and the protoxide, and 
behaves with acids like a pere xido, dis-olving in them with ovolul.ion of oxygen, ^ud 
forniiiig solutions of niekol-salts. 

A hydraied sesquioxide, Ni-0‘'.31P0 or is obtained by treating the hy- 

drated proto-xidc or the carbonate w’ith chlorine- water or the solution of an alkaline 
hypochlorite, or by precipitating a. nickel -salt with a mixture of causl.ic alkali and 
alkaline hypochlorite. It is dark l)r<nvn while suspended in water, hut forms a black 
.shining mass when dry. Wluii heated it nvulily gives off w'ater ami oxygen. With 
(irids it behaves like the anliydroiis stsquioxide, but dissolves with greater fiicillty. 
With aqueous oxalic aevK it forms oxalato of nickel, with evolutior: of carhordo 
anhydride. It dissolve.s in ammonia, wdth evolution of nitrogen, the solution contain- 
ing protoxide of nick(d. 

Allot lier hydrated peroxide of nickel of dingy light-green colour, but unknown 
composition, is obtained by treating the hydrated protoxide with peroxide of hydrogen, 
('rii^ n ard.) 

srxcxm, OXirCKlbOltZDlS op. Formed by digesting the liydrated prot- 
oxide in aqueous chloride of nickel. It is sparingly soluble in water, and turns 
reddened litmus-paper blue. 

l^XCaiLEi:., OXYG-ETT-SAXTS OP. Nickel forms but one clas.s of salts, cor- 
Te.sfjoruling in composition to the protoxide, dichloride, &C., e.y. tlu! riitrato or 
Ni"N-0'*, the sul}>hato Ni"ISO‘, the iicotato &c. Most c>f them are 

soluble in water and are prcjduccd by dissolving either of the oxides or the corre- 
sponding hydrates in acids, the se.squioxide being first reduced to protoxide : in 
many cas(5S abso, with evolution of hydrogen, by acting on the metal with dilute acids, 
the pulverulent metal di.ssolving easily, the compact metal often very, slowly. ^ Those 
nickel-salts which are insoluble in water, and are obtained by precipitation, c.y, 
thj', carbonate, borate, and phosphate, dissolve readily in nitric, hydrochloric, and sul- 
phuric acid, &c. 

Nlckol-salts are for the most part emerald or apple-green in the hydrated state, 
yellow when anhydrous, so that characters traced on paper with a nickel solution turn 
yellow when heated. Soluble niekol-salts redden litmus ' slightly, have an astringent 
Uictidlic taste, and exert an crnctic action. Those which contain yolatilc acids are de- 
composo<l by ignition, the inorganic salts generally leaving a residue^ of protoxide, the 
orgaidc salts, metiillic-iiickcl. (For their behaviour with reagents, see p. 38.) 

VZCXSlbp OXYZODZDB OP. See p. 40. 

ZrZCKBXi, PH08PBZBS8 OP. The tritophosphide, Ni^^P^, is obtained hy 
heating chloride or sulphide of nickel in a current of pho.sphorottod hydrogen gas. It 
IS bhick, insoluble in hydrochloric acid, but easily docotuposod and dissolved by uitrie 
^cid. (H. Kose, Fogg. Ann. xxiv. 322.) 
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A phosphide containing only a small quantity of phosphorus is obtained: — 1. By 
passing phosphorus-vapour over red-hot nickel (Davy), or by throwing pieces of phos- 
phorus on it (Pelletier). — 2. By fusing nickel with glacial phosphoric acid and 
charcoal powder (Pelletier), or 6 to 8 pts. nickel-filings or nickel-oxide, with 10 pts, 
bone-ash, 5 pts. pounded quartz, and 1 pt. charcoal in a charcoal- lined crucible (Ber- 
th! er). It is silver-white, brittle, much more fusible than nickel, not magnetic. 

KXCXlSXi, SBXiSlffZDS OP. Ni"So. — Obtained by igniting metallic nickel in 
Belenium-vapoiir, as a silver-white, non-magnetic, brittle, crystalline inass (apparently 
monoinotric), liaving a dull metallic lustre, and specific gravity = 8’162. It is not 
attacked by hydrochloric acid, slowly dissolved by nitric acid, completely by nitro- 
muriatic acid. Wlieu fused with borax, it yields a golden-yellow metallic mass with 
striated surface. (G., Little, Ann. Ch. Plnirm. cxii. 211.) 

XJZCKElb, SXZiZCATZa OP. See Piiv^ilite and Silicates. 

irZCKEE, SUEPHATE OP. This salt occurs as a hydrate in capillary inter- 
lacing crystals at Wallace mine. Lake Huron, on a sulphide of nickel and iron, mostly 
as an efflorescence. Kobell’s j>yromelin^ occurring as an earthy pale yellow crust, with 
native bismuth and arsenical nickel, at the Predericli’s mine near Bayreut, appears to 
be the same, .specie.^. (See Sulphates.) 

XrXCXEE, SVEPHZOS OP. Nickel forms with sulphur the three following 
compounds : 

a. Jlemisul phide, Ni'^S. Produced by igniting sulphate of nickel in a current of 
hydrogen. Palo yellow, metallic-shining, brittle, magnetic mass, wdiich may be 
molted in glass vessels. 

/3. Protosulj)hide, or NrS. This compound occurs native as Capillary Vyriim 
(^HaarJeiffi)^ in rhombolicdral crystals having the length of tho principal axit 
= 0‘3295, the angle R : It 144® 8', and perfectly cleavable parallel to the rhom- 
bohedral faces; more frequently in delicate capillary crystallisations. Hardness 
ST-. 3 — specific gravity 6 ‘25 — S Cf) (the mineral from Joachimsthal, 4*001 according 
to Kenngott). It is brittle, has a brass-yellow colour and metallic lustre, and is 
bright in the streak. It usually occurs in capillary ciy'stals in the cavities and among 
the cr^^stals of other minerals, as at Joachimsthal in Bohemia; at Johanngeorgenstadt, 
Przibrara, Riechelsdorf, Andreasberg; in Cornwall, &c. ; also in Lancaster County, 
Pennsylvania. 

Protosiilphide of nickel is formed, with emis.sion of light, when sulphur is fused in 
contact with finely divided nickel ; it is also produced by the action of sulphur, or a 
mixture of sulphur and potash on the oxides of nickel at a red heat; and by igniting 
the protoxide in sulphydric acid gas ; Lastly, according to Berthier, by reducing sul- 
phate of nickel with charcoal-pow^der ; in this case, however, a smiill quantity of tho 
hemisulphide is formed at the same time. When prepared by either of these methods 
it resembles the native .sulphide in colour and lustre. It is less fusible than the hemi- 
sulphide ; is decomposed by ignition in the air, but not in close vessels. It is but 
slowly decomposed when heated in chlorine gas, and not at all by hydrogen at a red 
heat. It dissolves slow'ly in hot nitric or nitromiiriatic cacid. 

A hydrated protomlphidc of nickel is obtained by the action of sulphydric acid on 
neutral solutions of nickel-salts containing weak acids, the acetate for example, or by 
precipitating any neutral nickel-solution with sulphide of ammonium or potassium. It 
nas a dark brown colour, nearly black. It oxidises on exposure to the air, and is 
converted into soluble sulphate. When heated out of contact with air, it gives 
off w'ater and melts to a mass of the anhydrous sulphide. When recently precipitated 
and still moist, it dissolves sparingly in sulphurous acid, also in ammonia and sul- 
phide of ammonium, pot as.siura, &c., forming a brown solution which, on exposure to the 
air, becoma colourless and deposits siilphido of nickel. Tho precipitated sulphide is 
nearly insoluble in acetic or dilute liydrochloric acid, although a very small quantity 
of free hydrochloric, sulphuric, or oven acetic acid, suffices to prevent its formation in 
solutions of nickcl-salts by the action of sulphydric acid. Nitric and nitromuriatic 
acid.s dissolve it more readily. 

Disulphide, NiS*. Obtained by heating a mixturo of carbonate of nickel, 
carbonate of potassium, and sulphur to dull redness. The mass when washed leaves 
the disulphide in tho form of a steel-grey powder, which is decomposed by chlorine, 
with formation of chloride of nickel and chloride of sulphur. 

S^narmont, by decomposing chloride of nickel with chloride of potassium at 160®, 
obtained a yellowish sulphide of nickel having tho composition Ni*S^ or NiS.Ni*S*. 

arXCXBXi AXD zxoxr, STOFBZOB of. (lNi.i|Fe)\S.---Occur8 near; 
Lillohammer in southern Norway, in monometric crystals with octahedral cleavage; 
or in granular masses. Hardness 3*5— >4. Specific gravity 4*6. It is not mag«r.; 
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netic has a bronze-yellow colour, and light bronze-brown streak. Contains 22*28 
per cent, nickel, 40*86 iron and 36*86 sulphur. It occurs with copper pyrites in 
hornblende rocks, and is worked for tho extraction of nickel. An impure variety, 
slightly mixed with magnetic iron ore, is found at Inverary in Argyleshire. 

jrxCKSXi-B&OOM. See Nickei., Ahsbkats of (p. 35). 

WriCKBXr-BOirBaroariTB. Bournonite or siilphantimonite of lead and copper 
(i. 651) from Wolfsberg, in wliich lead is partly replaced by nicktd and cobalt, con- 
tains 16*87 per cent, sulphur, 24*28 antimony, 3*22 arsenic, 35*52 lead, 9*05 copper, 
fi-47 nickel and cobalt, and 0*84 iron (*= 98*25). (Ruminelsberg, Pogg. Ann. 
lixvii. 253.) 

XO'ZCXBXi-GBAXrCB. A mineral species analogous to cobalt-glance (i. 1057) in 
form .and composition, and expressible chemically by tliu formula NiS“.Ni(As; Sb)'-*, 
the arsenic and antimony being sometimes present togutlu'.r, sometimes singly, 
thus forming the throo varieties, antimmuil, arsenical .and antinmnio-arscnical nickel- 
glance. 

^J'ho crystals of this species belong to the monoinetric system, being for arsenical 
nick el-glance, cubes, octahedrons, and the intermediate forms shown in figures 174, 175, 
17C (CiiYSTAL-LOGRArHy), iiiid combinations of the pentagonal dodecabedron with tlio 
cube (fig. 211) and octahedron. For the varieties containing antimony tlio prevailing 
form is the octahedron modified by faces of the cube. Cleavage cubic in all varieties. 
The mineral likewise occurs massive, with granular structure ; the purely arsenical 
variety also lamellar. Hardness = 5 — 5*5. Sp. gr; = 5*6 — G*9 (of the aiitlmonial 
varieties, 6*2--6*5). Lustre inci.allie. Colour silver-white to steel-grey. Streak 
greyish-black. Fra<‘turo uneven. Brittle. 

Analgiics : 1. AntlmmnnJ, — a. From the Landskrone mine in Siegen, Wi^stphalia ; 
m(?an of two analyses (H. Rose, Pogg. Ann. xv. 588). — 2. Anihnovio-arsmicaL — 

b. Albeiiihe mine near Harzgerodeiu the Hartz (Ramm elsberg, Ixviii. 511).-- 

c. Sayn-Altenkirclieii (Ul 1 rnann, Ilammelshcrg's Mine.ralchanie^ p. 63). — <7. Freus- 
biirg (Klaproth, Jieitra<p\ vi. 329). — 3. Arsenical, e. ITaueisen near Lobenstein in 
'liiuriiigia : sp. gr. 5*954 (Rammelsborg, /oe. cit.). — f. Jiiiigfer mine near Miisen : 
crystallised (Schnabel, Ramm. Mineralch. 62). — g. PfingstwiesenearEms : crys- 
tallised, with faces of the pentagonal dodecahedron (Bergemann, J. pr. Chern. 
Lwv. 244). — 74. Albortino mine near Ilarzgerode (Rammelsberg, loc, cit,). — i. Mer- 
cury mine near Enis: massive (Sehnabol, loc. cit.). 


Anti- Anti moil io>ar8cnical. Arsenical. 


Sulphur . 15*77 17*38 16*10 15*25 20*16 18*94 19*04 18*83 17-82 

Antimony . 54*61 50*84 47*56 47*75 . . . . 0*61 0*86 

Arsenic . . . 265 9*94 11*75 48 02 46*02 45*02 41*01 38*92 

^bckel . 27*70 29*43 26*10 25*25 31*82 32*66 34*18 30*30 35*27 

Cobalt 0*27 . . 2*23 

iron . . . 1*83 . ; . . . . 2*38 1*02 0*00 4*97 

Copper • j ^ ^ . . . _j ^ 2*7 5 


98*08 102*13 10*00 10*00 10*00 10*00 100*14 10*00 101*96 


There are also varieties of nickel-glance differing somewhat in composition from 
tho above, so far at least as tho analyses can be trusted, viz. 1. Anwihitc, occurring 
in small steel-grey octahedrons (hardness =» 4) at Lichtenherg in the Fichtelgebirge 
(v. Kobell, J. pr. Chem. xxxiii. 403) ; — 2. Gersdorffite from Schladming in Styria, whero 
it occurs both crystallised (PI ess. Ann. Ch.Pharm. li. 250) and massive (Lowe, Pogg. 
Ann. Iv. 503) ; — 3. Nickcl-glance from Prakendorf in Hungary (Lowe). 



Amoibite. 


Gersdorffite. 

Nickel-glance 
from Prukeiulorf. 

Sulphur 

. 13*87 

' crystoilised. 

16*11 16*35 

V 

Iff asst ve. 

14*22 

16*26 

Arsenic 

. 45*34 

39*88 

39*04 

42*52 

46*10 

Nickel 

. 37*34 

27*90 

19*59 

38*42 

28*75 

Cobalt * 

Iron , 

, trace 
. 2*60 

0*83 

14*97 

14*12 

11*13 

2*09 

8*90 

Silica • 


. . 

. . 

1*87 



9906' 

99*69 

100*23 

99*12 

loo-oa 


Rammelsberg suggests that sulphide of nickel, Ni''S, may be monometric, like many 
sulphides of the form M"S, and in that case,, since tho arsenide, NiAs*. is likewiso 
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mononiptrio, those nickel -j'hinoes may ho regarded aa is omorphoiis mixtures having the 
coniposirion «iNi"S.;/Ni.\.s“ or Ni(.S; As*). 

XrZCKBXi-X(XM‘JN'JClTXI. Siegc72Uc. LiniiSDite (cobaltoso-cobaltic sulphide, i. 
lO.jO) in which a coiisi'lcrahJe ])roportion of the cobalt is replaced by nickel, a. Troin 
Hiegoii in Prussia, where it, occurs in octahedrons (Sell n a 1) el, Iiam/iuhb/ ?g\'< Mmcra/. 
L'hcmic, p. 110). — f}. Prorii the same locality (Kbbinghaurf, loc. dt.). — c. Finksburg 
Carroll Counly, Maryland: pale steePgrey, with a yellowish tinge; distinct cubic 

cleavage; inlergrown with copper [lyrites (Oenth, Sill. Am. .T. [2] xxxiii. 416) 

d. La Matte, Missouri : seldom crystalline, sometimes liowever exhibiting the forms O 
and O. ooOjo ; cleavage very indistinct; colour, between steel-grey and tin-white 
(Gonth, loc. dt .) : 


a. 

s. 

41-98 

Ni. 

33-64 

Co. 

22-09 

Fe. 

2-29 

Cu. 

Pb. 

Ganguc. 

100 

b. 

42 30 

42-64 

no 

4-69 



. . = 

100-63 

c. 

39-70 

29-66 

26-69 

1-96 

2-23 


0-46 s* 

99-69 

d. 

41-64 

30-63 

21-34 

3-37 

. . 

0-39 

1*07 = 

98-24 


nrXCKBB-PYRZTES. Cnpilhiry Pyrites. Native sulphide of nickel (p. 42). 
lUXCK.BXi-VXTRZOXi. Sulphate of nickel (see p. 42, also Sulphates). 

SrXCOTIAlffZXrE. Tohacco-campJwr. C*’IP‘‘N“0*. — A white crystalline substance 
obtained by distilling t()l)acco-lcHves with w'ater. It is soluble in water, alcohol, and 
ether; melts when heated and then gradually evaporates. (Hermbstiidt, Schw. 
J. xxxi. 442; Larral, Compt. rend. xxi. Li76.) 

NXCOTXC ACZD. C*lT^0k A crystal li.sable dibasic acid found in tobacco-juice 
by Hurral (Compt. rend. xxi. 1374). According to othiu* chemists, however, the only 
acids contained in tobacco-juice arc malic and citric acids. 


mcOTIUTE. (Gm. xiv. 219; Gerh. iv. 184.)— Vauquelin in 1809 

ascertained that the acrid principle of tobacco was volatile, and cafutblc of separation 
from its compounds by means of a fixed alkali. Posse It and Iteimann in 1828 
succeeded in obtaining it in a state of comparative piinty from the h‘av(‘s oi Nicotian a 
Tahacum, Macrophylla rustica and M. glutinotia. For a long t,irne nicotine was 
su])posed to have the formula = C'dl^N, which wjjs subsequently altered to 

— C‘‘‘JPN, in accordance with tho more accurate analyses of Mel sens and 
8chlmsing; but ILirral, by a detorminalion of its vapour-density, showed it to 
possess in tlu* free .state a condensation twice m great fis this, its formula becoming 
therefore C^**IP*N‘^.- 4 volumes of vapour, or in accordance with modern ideas C'“II‘'N*c=i 
2 volumes. It is considered however by some chemists th;it in forming certain com- 
pounds, uieotine breaks up, as it wore, into two groups, having the composition 
CMl'N, each equal to H’. Tho experinieuts of Kekule and v. Plant a, who treated 
nicotine with the iodidc.s of the alcohol-radicles, indicate unmistakably the fact that in 
nicotine th<> group 0*IP is equivalent to IP. The moh-cule of nicotine is therefore 
derived from two molecule of ammonia in wliich the hydrogen is replaced by 
thus ; — ■ 


C'MP'N* 


jN(CMT') 
I N(C»H’) 


derived from 


mip 


This explains why, in treating nicotine with oxalic acid and with chloride of benzoyl, no 
substances are obtained analogous to. oxanilidu or benzanilido (Gerh. iv. 185). On 
the other, hand, most chemists of tlio present day will prefer to regard nicotine 
a.s a diamine. I'here is indeed no sufficient evidence to show that any splitting 
up of nicotine takc.s place under the influence of tho iodides of 'tlu! alcohpl-radieles. 
We shall therefore assume in this article that the compounds assumed by Gerhardt to 
contain ono atom of nietliyl, ethyl, &c., contain twice that number, and that the vapour- 
density correctly represents the molecule of nicotine which enturs into all its known 
combinations, 

rriparation ,—\ . Tobacco-ju ioo is treated with excess of solution of hydrate of potas- 
Fiuin ; the? mixture is then shaken up with benzene or ether in stoppered bottles; the 
ether is decanted and distilled at a gentle beat sufficient to volatilise the ether; 
and the heat is afterwiirds raised to a sufficient temperature to drive over the nicotine. , 
— 2. A mixture of lime and powdered tobacco is placed in a cylinder and a current of 
steam from a boiler is s(uit in, the othcir end of the cylinder being connected with : 
a condensing worm. The liquid which comes over contains nicotine, ammonia, and., 
some other ba.ses not yet examined. The liquid Is ntiutralised with snlnhuric acidv-j 
and the solution concentrated by evaporation. When sufficiently concentrated it U; 
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with ammonia to liberate the nicotino, and ether is then added; the otlierejil so- 
lution on evaporation yi(d<la the nicotine almost pure. It may be fui-tlier puritied 
by reotificalion (l)ebize, Conipb rend. 1.874). — 3. Tobacco in very small pieces is 
dii^ested with dilute sulphuric acid for three days and tlien pressed. The residin' id 
repeatedly treated in tliis manner until it has lost its acrid taste ; and the liquid so 
obtained is evaporated to half and then distilled with lime. The distillate, which 
njiitains the nicotine, must be shaken up with ether, and the latter, after decantat ion, 
distilled. The ether readily distils a\vay, leaving the nicotine in an impure stale. 
It is to bo kept warm for a considerable time and then heated to 140°, at which 
t(*rnper.iture it will give off ammonia and other less volatile imimrities. Lime is to be 
:i(ld(*d to the residue, and the mixture distilled in nn oil-bath at 190°, in a current 
of livdrogen. Tho product of this operation redistilled in a current of hydrogen 
vieids the nicotine pure and colourless (Ilarral). — 4. Tobacco is treated with WMt(*r, 
iiud the solullo/i concentrated ; tho I'xtract is dissolved in alcohol, which after decan- 
tation is likewise cont'entrated ; and this last extract is treated with Jiydrate of 
jv>l.issiuni, then sLgitated with ether, to disjsolve tho nicotine and also some foreign 
sMl)strtnees, which are got rid of hy precipitating the alkaloid in tlie state of oxalate. 
This pi’(*eipitate is wa.shed by agitating it with ether, then treated with potash, again 
dissolved in ether, and submit fed to di.st illation. Tho residue of the distillntion 
is coloured but limpid, and contains, besides nicotine, water, ether, and ammonia; 
a f<'iiijK'rature of 140 \ mfiinlained for 12 hours, and assisted by a current of dry 
hydrogen, suffices to exi>el tlicst* three bodies, so that the nicotine passes over pure and 
eolouriess, when the temperat ure is subsequently raised to 180°. -—Two lbs. of good 
t(;ha(:‘CO, grown in the department of Lot, are capable of yielding by thi.s process from 
50 to 00 gramnK*s of nicotine. (.Schlmsing.) 

The amount of nicotine in leaf ormanufaclured tob.'icco may be accurately ascertained 
by a simple and easy process. Tmi grammes of tobacco are exhausted w'itli amrnoniacal 
etlnr in a continuous distillatory apparatus, (he ammoniacal gas is expel] (^d from tho 
nicotine s<3lution hy boiling; llic liquid is then decanted, and, after evaporation of tho 
rflior, neutralised by a solution of sniphurie acid of known strength. (Schltosing, 
Cuinpt. rend. Dee. 1840, Chem. Ouz. 1847, 43.) 

F^vtraclion of nicotine from the oov tents of the stomach, or from the substance of 
animal tis.^/fes in cases of poisoniuf/. — 1. For this purpose it is only nooes?iary to add 
excess of hydra to of potassium and ropi'utedly extract with ether or pure benzene. On 
evaporation in a retort at a gentle heat, the nicotint^ will remain in an impure stale. 
It may then be conTerte<l into a sulphate, the solution filtered, and the nicotine rif- 
obtained by a repetition of the first process by means of liydrato of potassium and other. 
— 2. Or file contents of the sloniach may be repeatedly ( xhaiistcd by a dilute acid, and 
the filtered and evaporated .solution may be made to give U]» its iiic'otine in tho 
niMnner previou.«ily iudicaK'd. (See also Alkaloids, IIetlction of, in Oiemico-leoal 
iNvnsTroATtoNs, vol. i. p. 125.) 

Tho fallowing table contains the percentage of nicotine in various kinds of tobacco 
according to tiie experiments of Schlccsing: — 


Names of the 
tubuccu. 


Nicotine in 100 parts 
of tlie dried tubaccu. 


Lot 

. 796 

Alsai'o 

, 

. 3-21 

Lot -ct- Garonne 

. 7’34 

Virginia . 

, 

. 6-87 

Nord . 

6-58 

Kentucky 

, 

. 609 

Ille-et-Vilaine 

. 6-29 

Maryland 


. 2-29 

Pas-de- Calais 

, 4-94 

Havannah 

. 

. 2 00 


Names of the 
tuiiarno. 


Nirotino in 100 pts, 
of llli: dried lobucco. 


Properties . — Colourless transparent oil, which does not freeze at --10°, it gives off 
excessively irritating vapours when heated, and boils at 250° (Barra 1). Its specific 
gravity at various temperatures is as follows : 

• Temp. . . 4° 16° 30° 50° 101-5° 

Sp. gr. . . 1-033 1-027 1 018 l OOOG 0 9424 

Nicotine has a burning tnsfe even when very much diluted, and causes choking. When 
it is placed qn the tongue of a dog in a fatal dose, the epithelium separates after death 
with facility (Orfila). It dilates the pupil when taken inteimally (Orfila). 5 milli- 
grammes sufficed to kill a middle-sized dog in 3 minutes. When ^th of a grain was dropped 
into the eye of a cat, contraction of the pupil took place followed by narcotic symptoms 
which passed off in an hour. Nicotinebas a strong ulkalino reactioti; it strongly deflects 
the piano of polarisation to the left. At 100° it dissolves lO'oS per cent, of sulphur. 
It is very soluble in water, alcohol, eihp', and/tf< oils. Lisi^olves in any quantity iu 
ti'.rpmiine and hydrocarbons having similar solvent powers. Vapour-density (after 
allowing fcH- a residue of 3 per cent, in the balloon) 6'607 ; calc. 6 610. 
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Decompositions. — 1. Nicotine rectified ever so carefully in a current of hydrogen 
becomes rapidly yellow and finally brown when exposed to light or air. — 2. It always 
loaves a resinous residue when distilled. — 3. Burns with a bright smoky flame in a lamp 
with a wick. — 4. Evolves inflammable vapours when heated to its boiling point. 
— 6. Boiling sidphunc acid decomposes it entirely. — 6. Heated with tincture of iodine 
it yields tri-iodonicotiiie (Werthoim). — 7. Wlien it is dropped into chlorine, violent 
action takers place sometimes accompanied with emi.ssion of light ; and a red colour is 
developed, which however disappears on exposure to light for .some days. This decolor- 
ised fluid treated with water, yields a wliite substance w^hich crystallises from alcoliol. 

• — 8. Hvdroclilorate of nicotine treated with chlorine yields a crystallised substance 
soluble ill w'ater but insoluble in alcohol. — 9. Nitric acid decomposes it, yielding a 
liquid from w’hich alkalis disengage a volatile base, probably etbylamine (Anderson). 
— 10. When the alcoholic solution is treated with gaseous cyanogen, a brown non-basic 
substance is formed (Hofmann, Stalilsehmid t). — 11. Cyanate of ethyl forms with 
nicotine a compound crystallising in beautiful laminm. (Wurtz.) 

Reactions (f Nicotine.— Nicotine in aqueous solution gives with tincture of iodine 
a yellowish turljidity becoming crimson, this reaction occurring even when tlie nicotine 
sol utioii cont ai ns onl}" of base (P o s s e 1 1 and B e i m a n n ). According to v. Planta, 

the precipitate is of a kermes-brown colour. (Probably the tint changes as the quantity 
of iodine tincture become.s larger.) — 2. Aqueous solution of nicotine gives white precipi- 
tates with solution of acetate of lead, nurcuric chloride, stannous and stannic chlorides, 
salts of zinc, and gallotannic acid ; with plaihiic chloride, a yellow precipitate; with 
ferric salts, an ochre-yellow precipitate not soluble in excess of base; with trichloride 
of gold, a reddish-yellow precipitate. With chloride of cohalt, a blue precipitate 
is formed Incoming green and slightly soluble in excess of base. When pcrchioride 
of antimony is adde^l drop by drop to a solution of phosphoric acid, a liquid is 
obtained wliieh gives a slight turbidity in an aqueous .solution of nicotine containing 
5 ^jjth (Schulze). With phosphate of magnesium, an aqueous solution of nicotine 
give.s a geliitiuoiis precipitate. Hydrochloric solution of nicotine gives with solution 
of plaiheic chloride a yellow eryst.allinfj preeipiratc if the solutions arc strong; 
but if weak, four-sided prisms are deposited after a time. A similar solution 
of nicotine gives with picric acid, sulphur yellow flocks, with auric chloride, light 
yellow flocks, sparingly soluble in hydrochloric acid. — 3. Nitric acid partially decom- 
poses nicotine, witJi evolution of red fumes, the .solution when boiled becoming of a 
reddish-brown colour similar to t he tint of a strong solution of platinic chloride. Phos- 
pho-mvlyhdic acid gives with nicotine and its salts a bright bulky yellow precipitate. 
(Sonnenschein). 

Salts of mcotlne. Sulphate of Nicotine is uncrystallisable, very soluble in water 
and in alcoliol. 100 pts. of sulphuric acid neutralise 329 7 of nicotino, corresponding 
to tire formula 2C'“If ‘^NHP.SO^. — The nitrate crystallises with difficulty. — The hydros 
chlorate, C'‘’n'^N'-.2TlCl, is a deliquescent salt which may be obtained in long fibrous 
crystals by treating nicotine with ga.seous liydrochlorie acid, and keeping the product 
for a time in vacuo. The alcoholic solution dtdlects the plane of jiolarisation to the 
right. — phosphate is obtained by neutralising an aqueous solution of phosphoric 
acid with nicotine, as a syrupy liquid wliich yields large laminar crystals resembling 
cholcstcrin. 

Oxalate of Nicotinr forms cry.stals very soluble in water and boiling alcohol, insoluble 
in ether. — The acetate is a syrupy liquid soluble in ether. — The forms granular 

crystAls very soluble in w^ator. 

Double salts of Nicotine, P/a^niMw-jfa^^,C*®H**N*.2HCl.PtCl*. — When a solu- 
tion of platinic chloride is added to a strong hydrochloric solution of nicotine, a yellow 
crystalline precipitate is obtained. If the solutions are dilute, four-sided prisms will 
gradually form, or sometimes large ruby-red crystals. The salt is very soluble in 
slight oxce.ss of nicotine; dissolves with difficulty in cold, but more easily in boiling 
w^ator, is insoluble in alcohol and in ether. 

Compounds of Nicotine with Protochloride of Platinum, o. C'®H"N*.4HCl.PtCl*. 
When nicotine is gradually added to a hydrochloric solution of platinous chloride, the 
mixture btung agitiited, an orange-yellow precipitate is obtained having the above com- 
po.sition (Riio wsky). It is insoluble in cold water, but soluble in boiling water, and 
is deposited from the latter solution on standing in tlie crysfcilline form. 

&. When the molher-liquor of the above salt is evaporated, red raisins are obtained' 
containing only 2 atoms of hydrochloric acid, C**N*H*^PtCP.2HCl. (Raewsky.) . 

Gold-salt. Hydrochlorato of nicotino added to a solution of auric chloride throWB: 
down a pale yellow flocculent precipitate, almost insoluble in hydrochloric acid, 
(v. Planta.) 
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Mercury^saltt of Nicotine. 1. With Mercuric Chloride, a. 

Obtained by precipitating a solution of mercuric chloride by a solution of nicotine. 

White crystalline precipitate, insoluble in water and in ether, almost insoluble in 
alcohol. Melts below lOO^^. (Ortigosa.) 

^ C'‘’H‘^N*.3Hg"CP.— Obtained by adding a saturated solution of mercuric chloride 
to a dilute solution of nicotine in hydrochloric acid, until a permanent precipitate 
begins to bo formed. The turbid liquid when left at rest for some days, yields the salt 
in^iolourless or yellowish crystals often an inch long, sparingly soluble in alcohol or 
cold w'ater, dissolving readily and without decomposition in water acidulated with 
hydrochloric acid, decomposed by boiling with water. (Tlodeker.) 

‘y. C>«II‘<N=*.IIC1.4]Tg"CR Crystalline precipitate obtained by adding a cold 
neutral solution of hydrochlorate of nicotine to a larp excess of aqueous solution of 
jnen-uric chloride. Dissolves in boiling water, yielding on cooling radiating groups of 
needles. 

Ciiann-chloromercutaie of Nicotine. Obtained on adding to a dilute solution of 
neutral hydrochlorate of nicotine, about an equal volume of a saturated solution of 
Tuercuric cyanide. It is deposited in tufts of silky needles. .Dissolvi's (lasily in cold or 
Ifoiling water, and in alcohol. The solution is not prt'cipitated by hydrate of potas- 
siuTii oven on heating. Treated with hydrochloric acid, it evolves hydrocyanic acid. 
Its formula has not been determined with certainty. 

2. With Mercuric Iodide, a. — Colourless crystals obtained by tri- 

turating nicotine with mercuric ioflide, and subsequently treating the mass with boiling 
water. The reaction is so energetic that sufficient heat is evolved to vaporise part of 
the nicotine. 

fi. To prepare this salt, nicotine is dissolved in dilute 

hydnodio .acid, and a solution of mercuric iodide in hydriodic acid is added until the 
precipitate ceases to be redissolved, and the solution becomes tiirl)id. The salt soon 
begins to crystallise. The mother-liquor cannot be concentrated w'ithoiit decomposition, 
'^Mlow prisms sparingly soluble in cold w'ater and in alcohol. Decomposed by boiling 
w'ater, with separation of a reddish-yellow resinous matter. Insoluble in solution of 
hydrate of potassium. 

Micotinc with Nitrate of Silver, a. NO*Ag. — Colourless prisms obtained on 

mixing a cold dilute alcoholic solution of nicotine with an excess of an alcoholic 
solution of silver nitrate, 

0. 2C'®H’<N2 NO“Ag, Prepared like the preceding, but employing an excess of 
nicotine. It is deposited in a dilute solution and by spontaneous evaporation in lino 
prisms. 

Compound of Nicotine with Iodine, (C‘®H*^N*)'-‘I*. — Ethereal solutions of iodine and 
ni<-oline combine when mixed, evolving sufficient heat to make tlie ether boil. 
Ill a short time the mixture becomes filled with crystals. In more dilute solutions 
the substance is deposited in the form of ruby -red needles (Wertlieim). The com- 
pound melts at 100® without decomposition. It is decomposed in the cold by solution 
of hydrate of pot-a.ssiura, nicotine being liberated and iodide and iodate of potassium 
being formed. — A hydrochlorate, (C*®H*^N'^)‘I®.2IICJ, is obtained in fine, clear, ruby-red 
crystals, by cautiously saturating with hydrochloric acid a very weak alcoholic solution 
of the iodine-compound, and placing the liquid in vacuo. 

Methyl-, Ethyl-, and Amyl-derivatives of Nicotine. 

Methyl-Nicotine. — Prepared by mixing nicotine with iodide of 

methyl. The reaction proceeds slowly in the cold, but is greatly assisted by heat. The 
crystalline product of the reaction is to be reciy stall ised from water. The aqueous solu- 
tion mixed with recently precipitated oxide of silver yields iodide of silver and solution 
of methyl-nicotine. The solution evaporated over sulphuric acid at 100® yields a 
viscid mass containing methyl-nicotine. 

Methyl-nicotine is soluble in water, yielding a bitter alkaline solution which feels 
slippery between the fingers. The solution saturates acids, forming salts of which 
the sulphate, hydrochlorate, nitrate and hydrocyanate crystallise, but with difficulty 
^tahlschmidt). The hydrofiuate, acetate, oxalate and tartrate do not crystallise. 
The alkaline solntion described above precipi totes salts of iron and copper ; it also dis- 
solves recently precipitated hydrate of aluminium. (Stahlschmidt.) 

Hydriodate of Methyl-nicotine, The atom of nicotine unquestion- 

ably containing 10 atoms of carbon (C « 12), we may assume that it reacts upon 
2 atoms of iodide of methyl, so that the resulting compound has the above formula. 
It is prepared by the action of iodide of methyl on nicotine as above. (Stahl- 
schmidt.) 

The platinum-salt of methyl-nicotVM^ C”H*®N*.2HCl.PtCP, is a crystalline 
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pow<ler, sparinj^ly soluble in cold water, insoluble in alcohol. — The gold-salt, 
(^i2TpiHjS^2 2IIC1.2 AuC 1*, is a jjale yellow precipitate, almost insoluble in cold water and 
alcohol. 

Ethyl-nicotine. Tlie liydrato of this base is prepared by a similar process to the 
hytlrate of methyl-nicotine, substituting iodide of ethyl for iodide of methyl. Its pro- 
perties are similar to those of rnethyl-iiicotino. 

Hydriodatc of Rthyl-nicotim, 2111, obtained by the action of iodide of et hyl 

on nicotine in sealed tubes at 100°, forms fine colourles.s prisms, very soluble in water, 
Bparingly in alcohol aud ether (Von Plant a and KekuU*). — The ‘platinuni-saH, 
C'41''''N^.2HCl.riPlh is a yellow tlocciilent precipitate which gradually becomes 
orange coloured and crystalline. — The gold salt, G*UP''N‘^.2TTC1.2AuCP, is a sulphur- 
yelhnv precipitate produced by adding solution of trichloride of gold to a solution 
of hydrocliloratp of ethyl-nicotine; it is soluble in boiling water and is deposited in 
beautiful needles on cooling. 

Amyl-nicottne. Known only in solution and in the state of platinum -salt. It is 
prepared in tlie same manner as the coiTcsjiondiiig compounds of methyl and ethyl, 
only as iodide of amyl acts sluggishly, the tubes must bo hejited for some days. 

The plathivm-salt, C*‘TI“‘N‘^.2HCLPlCP, is a yellow precipitate net yet obtained 
in the crystalline state. G. G. W. 

XO’ZGSiXiXiXlV. A viscous substance obtained from Nigclla sativa. (Kcinsch, 
Plmrm. Cetitr., 1842, p. 814.) 

irZClAZC ACID. This name was applied by Lowig and Weidman n to a 
bluclv liumiis-like substance found among the products of tin; action of potassium or 
BodiuTu on oxalic ether. They assigned to it the formula GMl**U*. (Handw. d. Chera. 
V. 073.) 

narZGRllir. A mi.\tnre of rutile with titan iferous iron, occurring in brown-black 
giMuult.’s ill the gol<l-.s;iiul of Ohlalian in T^ransylvania ; also in crystals having tho 
form of rutile at lienum iu Bavaria. {Itunumlshcrg's Mhivra/vhc/nir, p. 1008.) 

IVXKZXiirM AXiBirm. An impure oxide of zinc which collects on the sides of the 
furnaces iu the smdliiig of zinc-ores and the preixiration of brass. 

:N’liarAPKTASXSp XTIWAPHTSSS, Zi’XN'APHTISS. Laurent’s names for 
moni-, di-, aud tri-nit.rouaphthahuio. 

BrilO’APKTIIYIiAlMClXVB. JSmaphthy Udine, C*®IIWO (C. S. Wood, Chem. 
Gaz. 1859, p. 218). — An organic base produced bypassing sulphydric acid gas through 
a boiling alcoholic aud feebly aiiimoniacal solution of dinitronaplithalenc : 

C'"IP(NO0* + 411*8 = C‘WN=0 + 3II"0 + S\ 

The passage of the gas is continued for about three hours, by which time the greater 
part, of the alcohol has distilled off. The residue is then supersaturated with dilute 
sulphuric acid, lieated to boiling, and filtered. The fdtrate on cooling deposits sulphate 
of ninaphtliylamiue, from the solution of which tho base may be precipitated by am- 
monia. 

Ninaphthylamine crystallises in beautiful carmine-red needles, slightly decomposed 
at 100*^. The C“H*N‘-O.HGl, forms acicular crystals; the ch/oroptati- 
nate, 2(C“‘ll'’N *().llCl).Pi CP, is precipitated in yellowish- brown, rather soluble crystals, 
on adding plalinic chloride to a solution of the base in ether-iilcohol. The sulphate 
(G“*H‘’14*0)*.IPS0‘*, cryslallihes in white scales, but is decomposed by recrystallisatioa 
from its aqueous soiutiou. 

iJNrXOSITSv or Colu7nhite, Native uiobato of iron and inangatioso (p. 54). 

ItfEOBIUM, Syn. Columbhun. Symbol Nb. — Atomic weiglit, 94. 

;V 111 etui discovered in 1801 by Hatchett, in a black ini neral chilled columhite fro^ 
Noitli America, and thence called (Jolumhium. Wollaston in 1809 examined it 
further, and pronounced it to bo identical with the tantalum discovered by Ekoberg, 
in Swedish tantalite. This idea of the identity of the two metals remained current 
till 1840, when II. Rose (Pogg. Ann. Ixiii. 317 ; Ixix. 115), by a more careful invest!* 
gation, was led to conclude that tho American columhite and tho tantalite from 
Sodenmais in Bavaria contained two acids bearing a very close resemblance to tantaliC 
acid, but nevertheless distinct from it, and from each other. To the metals suppoaiBj 
to exist in these acids, Hose assigned the names Niobium and Pelogium. But froTW, 
lafor investigations (Pogg, Ann. xc. 460), ho inferred that these two acids contained' 
the same metal associated. with different quantities of oxygen; he therefore discarded: 
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the name pelopium, and designated tho metal found in American columbite and 
ifcivarian tantalite as niobium. This metal is cleai’ly the same as the one discovered 
by Hatchett more than sixty years ago, and ought perhaps, injustice to its discoverer, 
to retain the name oolumbium which he gave to it; but as the rediscovery of tho metal 
is certainly duo to Rose, who moreover prepared and analysed a considerable number 
of its compouD<ls, chemists are, for tho most part, agreed to designate it by the naino 
which ho assigned to it, namely Niobium. (See the Memoirs already cited ; also 
IWg. Ann. civ. 310, 432 and 681 ; cv. 424 ; cvi. 113 ; evii. 666 ; cviii. 273 and 465 ; 
cxi. 193 and 426 ; oj^ii. 468 and 649. — Jahresber. 1858, p. 161 ; 1859, p. 156 ; 1860, 
p ] 4 ;,. — 2rai/e comiilet de Chimic ancUytigwi, par H. Rose ; Paris, 1858, 1861 ; i. 306 ; 

ii- ) . . 

Kiobium occurs, as already mentioned, in columbite, which is a niobato of iron and 
nianganoso, in most case.s partly replaced by tfintaluin ; certain Greenland coluinl>ites, 
however, contain niobium immixod with tantalum; tantalites, on the other hand, 
gencjalJy contain niobium as well as tantalum. (See Tantalum.) Niobium likewise 
occurs associated with yttrium, uranium, iron, and small quantities of othei* metals, in 
^Siberian samarskilo, iirariotantalito or yttro-ilmenite, also in pyrochlore, euxcnite,and 
a variety of pitcliblende from Salersdalen in Norway. 

Mow’ when pui*o Greenland columbite is fused with caustic alkali, or with acid 
sulphate of potassiiim, and the fused rnjiss treated with water, &c., in the manner to 
1)0 hereafter de.scribed, an oxide of niobium is obtained, W’hich, when mixed with 
charcoal and ignited in a stream of chlorine, yields two chlorine compouncLs, one white 
and the otlifT yel low. These were regaixled by Rose as disl.irict chlorides of niobium, 
MbCl-' and Nb(Jl‘, and when treated with water, were supposed to yield tho con*e- , 
sponding oxides Nb‘*0^ and NbO*. 

It was remarkable, howev^T, that the lower oxide could not bo converted into tho 
higher by dinict oxidation ; and for this reason, as w-ell as on account of certain dilTe- 
rcnces in t he blowpipe reactions, Rose regarded these oxides, and their corresponding 
coinpoiiiids, not as related to one another like different o-xides, chlorides, &c. of one 
and the same metal (the ferrous and ferric compounds fur example), but ratli.cas 
distinct series of compounds containing the same metal in difterent allotropic lijodid- 
calions. Hence ho designated tho higher oxide, &c., as compounds of niobium; tho 
Jow’or as compounds of h/poniobium. Hut on tho other hand, the two chlorides were 
found to he convertible, ono into tho other, and by thoir intorvontioii the higher oxido 
could bo formed from tho lower ; moroover the Iowan* oxido appeared to bo formed 
(though not readily) from tho higher, by the action of hydrogen and other reducing 
agents. In tlieso rosp(?cts, therefore, tho so-called hyponiobium compounds seemed 
to be related to tho niobium compounds in the same manner as different oxides, &e., 
of tho same metal. 

Tho cliio to tho explanation of all these anomalies has been furnished by the 
recent investigations of Marignac (Compt. rend. lx. 234, 1355; Ann. Ch. Pharm. 
cxxxv. 49; cxxxvi. 295; Areiiivos des Sciences physiques et naturelles, xxiii. 167* 
249; XXV. 6; Jalirosb. 1866, p. 198), which’havc shown that there is but one chlo- 
ride of niobium, viz. the yellow chloride above mentioned, which is a pent^hloride, 
NbCP ; that the white chlorine-compound formed at tho samo time is an oxychlo- 
ride, NbOCP; that both those compounds when treated with water, yield the pon- 
toxide Nb*0*, which is identical in all its properties with Rose’s lower oxido (Nb“0*); 
and that his supposed higher oxide (NbO*), was merely a mixture of niobic and tan- 
talic oxides ; in fact Rose’s oxporiments were made with niobium compounds pre- 
wired from columbites containing tantalum as well as niobium; and, according to 
his own descriptions, the so-called niobie acid and its salts (originally regarded 
as cornpouiids of a distinct metal — pelopium), invariably exhibited characters inter- 
mediate between the corresponding compounds of hyponiobium and tantalum. 
Miirignac's results have been confirmed by Blomst rand (J. pi*. Chem. xcvii. 67; 
•Tabresb. 1865, p. 207). 

Mdallic niofrhmi is obtained^ according to Rose, by heating fluoride of niobium, or 
fluoride of niobium and po",as^um or s^ium, with sodium in a covered iron crucible, 
and wasliing out the soluble salts with water. It is a black powder, of specific 
gravity 6*27-— 6’67, which oxidises with incandescence when heated in the air, 
forming niobic oxide, Nb*0*. When somewhat strongly heated in chlorine gas, it is 
converted, also with incandescence, into a mixture of niobic chloride and oxychloride. 

According to Delafontaine (Jahresb. 1866, p. 205) tho product obtained as above 
18 not metallic niobium, but a protoxide, NbO, which is pot attacked by water, caustic 
alkalis, or strong acids, even at the boiling heat The presence of oxygen in it was 
Qot directly proved, but was inferred from the formation of oxychloride, NbOCl*, on 

leatingitin * ** ’ * “ * ’* 

pentoxide. 

VoL. IV. 


cmorine eas, anci from tne quantity ot oxygon requirea to convert it into tne 
For metaUie niobium this quantity should be 29*86 per cent, of its weight ; 
K 
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for the protoxide 22*64 percent. Now Delafontaine found that the black powder, uhen 
roasted, gfiiriod from 17 to 19*3 per cent, of its weight; and the increase observed by 
Bose was from 20-6 to 22*2. According to Blomstrand, pure niobic chloride is 
reduced by hydrogen, at a red lieat, to iridescent stoel-gi*ey metallic niobium. 

irzOBZUM, BROmZZBB OP. Niobic bromide and oxy bromide are analogous 
in composition to the chloride and oxychloride, and are obt«aincd by similar processes ; 
the former is purple red, Ihe latter yellowish ; both are apt to retain small quantities 
of free bromine. 

XO'ZOBZVXMC, CBBOBZBB OP. NbCl\ This compound is obtained, together with 
the oxychloride, by the action of chlorine at a red heat on the corresponding oxide 
mixed with charcoal. Niobic oxide, separated from columbito by processc.s to be here- 
after described, is mixed with starch or sugar, and the mixtui*e completely charred by 
ignition in a covered crucible. It is then introduced in small pieces into a glass 
tube, which is strongly heated V)y a charcoal fire or a gas furnace, while a stream of 
dry carbonic anliydride is passed through it. As s(M.)n as all the moisture is expelled, 
the tube is left to cool, the stream of carbonic anhydride being still kept up; the 
carbonic anhydride apparatus is then replaced by a chlorine apparatus; and tlie tuho 
is again heated after the carbonic anhydride and atmospheric air have been com- 
pletely expelled by the chlorine. Two chlorine com|:)Ounds are thus obtained — viz, 
niol)ic oxychloride^ white, volatile, hut not fusible, and niohic chloride, yellow, volatile, 
and easily fusible. 

Niobic chloride is yellow. It is converted by water into niobic oxide, Nb^O^ and 
hydrochloric acid ; by aqueous ammoni.'i inlo niobic oxide and chloride of ammonium ; 
yielding, according to Mari gnac, 0o*28 pis. of chlorine to 49*39 niobic oxide, the 
calculated qiTautities being 6 .t 38 chlorine to l9*3o niobic oxide. Its vapour-<lensity, 
according to Devi lie and Troost- ((Jompt. rend. lx. 1221 ; Ann. Ch. Pharm. cxxxvi. 

01 -L 'S 

249), is 9*6 ; calculation from the formula NbCP gives ^ — - — x 0*0093 == 9*4 

Niobic chloride, treated with strong mlphuric acid, gives off hydrochloric acid, and 
forms a s(.)lution which becomes turbid on boiling, and solidities to a jelly on cooling. 
It dissolves in hydrochloric acid, and with aid of heat in aqueous With alcohol 

it forms a clear solution, which, when freed by distillation, from alcohol, hydrochloric 
acid, and chloride of ethyl, leaves a thick syrupy liquid, consisting of niobate of 
ethyl. Zinc immerswl in the h^’drochloric solution of niobic cblorido, diluted with 
water, produces a lino blue coloration ; a still finer colour is obtained by pouring 
sulphuric acid on niobic oxycblorido, then adding Water and metallic zinc. 

Niobic 'Oxycldoridc, NbOCP, is white, and contains, acicording to the analysis of 
Devillo and Troost, 43*2 per cent, niobium, 48*9 chlorine, and 7*3 oxygon, the 
formula requiring 43*3 niobium, 49*4 chlorine, and 7'3 oxygen. The vapour-density, 
determined by tbo oxperiment.s of Devillo and Troost, is 7*9 ; calculation from the 

formula NbOCP requires ^ x 0*0693 = 7*i>. This compound 

is instantly converted by water into niobic oxide : 

2NbOCP + ZJrO « 61101 + Nb-0\ 

Heated in vapour of disulphide of ciwbon, it is converted, according to Delafontaine 
into niobic oxysulphide, NlrO^S*. 

xrzoazimz, bbtsctzoit azts ssTzmATZOir or. i. Ecactions,— 
The compounds of niobium cannot easily bo mistaken for those of any other metal, 
except tantalum. Indeed these two metals may bo said to form a group apart, dis- 
tinguished by marked characters from all others, especially by the perfect insolubility 
of their oxides in adds after ignition, and by their blowpipe reactions; further by 
the fact that when fused with excess of acid sulphate of potassium, they dissolve, forming 
H fused mass from which the oxide of niobium or of tantalum may be completely 
separated in the insoluble state by dissolving out the soluble salts with water; from 
silica, which resembles these oxides in its insolubility in acids after ignition, they ate 
easily distinguished by their blowpipe reactions. 

Niobic oxide heated before the blowpipe, especially in the inner flame, assumes a 
greenish-yellow col ur while hot, but becomes colourless on cooling. With borax it 
forms in the outer flame a colourless bead, which, if the oxide is in sufficient cmantit;)^ 
becomes opaque by interrupted blowing or flaming. In the inner flame the 
assumes a greyish-blue colour, provided it contains a sufficient quantity of the oxiw 
to produce opacity on cooling. In inwrocosmic salt, niobic oxide dissolves in 
quantity, forming a colourless bead in the outer flame, and in tho inner, a viol^ 
coloured, or if the bejid is saturated with the oxide, a beautiful blue bead, the colt^ 
disappearing in the outer flame. The addition of ferrous sulphate changes ,the col^ , 
to blood-red. 
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All the niohium-oompoimds Iiitherto discovered in natural minerals are salts of 
niolnc ac*id. The niobates bear a close resemblance to the tantalates, but arc distin- 
guished : — 1. Ky the very different donsiticH of the oxides or auhydrides obtained from 
them, taiitalic oxide leaving a density of 7*6, whereas that of niobic oxide is only 
about 4 ‘5. — lb' beliaviour of these oxides before the blowpipe. — 3. By the 
holmvioiir of the solutions of the alkaline niobalas and lantalates with hydi’ochloric 
acid at ordinary temperatures, the precipitated niobic oxide being insoluble in excess 
of that acid, wherca.s the tantalic oxide precipitated from the taiii;il;itcs dissolves in 
excess of liydroehlori(*- acid, forming a slightly opaline liquid.— -4. The residue left 
on ('Viiporatmg tlic solutions of the ajkaliiie niobates may be heated (but not calcined) 
vithout giving 7’ise to the scj^xirsition of acid salts insoluble in tho alkaline liquid, 
whereas with the tantnlates a very consideraVdo ix>rtion of the salt is separfited in this 
jnsoliiblo condition. — 6. Niobic oxide is also distingui.shed from tantalic oxide by the 
facility with which it is decomposed by ammonia gas and sulpliydric acid gas. 

6. The alkaline nioliates in solution may bo tUstingiiished Irom tho tantalatcs by 
their reactions with hydrochloric acid, sal-animoniac, t'cri-ocyMnido of potassium, and 
infusion of galls, the last <>hre<! rt'agents being jukh^ to acid solutions. 



K whuffs. 

TauUdates. 

Jlydrocliloric acid. 

Wh 1 1 0 prccipi tato i nsoluble 
in cxcofis. 

While prccipilato soluble in 
excess. 

Chloride of ainiuouiuni. 

Pj'ocipitation slow and in- 
ct)mplotc. 

Complete procipitaf ion .as 
acid tantalato of amino- 
nium. 

Ferrooyanido of potas- 

Bed precipitate. 

Yellow precipitate. 

sium. 



Jau’riiryanide of potas- 

Bright yellow prccipibito. 

White precipitate. 

sium. 



Infusion of galls. 

Orange-red precipitate. 

Light y<;llow precipitate. 


2. V.stimatiov and Separa ( ion . — Tho mitivo niobates are partially decom- 
pose<l by healing Avith strong sulphuric acid, and complololy by fusion with caustic 
alkalis, or by long-continued fusion at a very liigh teinpojnturo with alkaline car- 
hotialc.'*. A i3(‘tfrr method, however is to fuse the Jevigatc<l columbite in a platinum 
cpiK-ible with six or eight t.iines its weight of acid sulphate of potassium ; pulverise 
the mass when cold ; and boil it J'cpoatcdly Avith fivsli quantities of water till no 
more sulphate of potassiuin, iron, or manganese is dissolv'ed out of it. Tlie residue, 
which I’onsists of liydrated niobic acid mixed with ferric oxide, stannic acid, .and 
tungstic acid, i.s tlien digested in sulphide of ammonium containing excess of sul- 
phur, which removes the stiinnic and tungstic acids, and converts the iron into 
sulphide; the liquid is filtorcjd, and Uio niobic acid washed with water cont.ainiug 
sulphide of ammonium, then boiled with strong liydrocliloric acid, to remove iron, 
rM;ing:ino.se, uranium, cerium, cop|>er, &c., and linally washed with boiling Avatei*. 
Tli«‘ hydrated niobic acid thus prepared is converted into tho anhydride liy ignition. 

•Siiinc eolunjbifes contain tit anic acid. To se|)arate this, the juineral is fused Avith 
ahout twelve times its w'eight of .acid .sulphato of potassium, and the fused mass i.s 
treated with cold water. Acid .sulphate of titanic oxide then dissolves, while tho sul- 
phate of niobic oxide remains undissolvcd. The residue is then Avashed \iifh water; 
l»ut to obtain complete separ.ation, it is ne4[?essary to repeat this treatment botli with 
this residue and Avith the titan ie acid j)rocipit4ited from the filtrate by ammonia. 

The separ.ation of niobium from tantalum is effected by means of acid fluoride of 
ptda.stitum, whereby the tantalum i.s eoiiA’crled into fluotantalate of pota.ssiuiii, requiring 
b')l to l/i7 pts. of water acidulated with hydrofluoric acid to dissolve it at oixlinary 
t< nip<u7itiiveH, and the niobium into fluoxyniobate of pot.assium, 2KF.Nb0F*.H*0* 
^^•)]ui»lo in 12 to 13 p.ait^ of cold water, 'j'he finely pulverised mineral is fused with 
hv<‘ or six times its w'eight of acid pobassium-sulphate ; and tlio niobic acid thereby 
s(‘puratt‘d i.s ihoronghl^' washfsd, then ignited and w'eighed ; again fused with acid 
j*oia.ssiuin-.su]ph:ito, boiled out with water, and dissoh'ed in hydrofluoric acid. The 
fsuhuion, li(«atf*d to the boiling-point, is mixed wdth a small quantity of hydropotassic 
fluoride (0 25 grm. to each gramme of the mixed niobic and tantalic oxides), and if 
no crystallisation takes place, it is evaporated to a smaller bulk (about 7 cub. cent, for 
1 grainine of the mixed oxides) ; and the potassio-tantalic fluoride which then sepa- 
rates, is collected and w'ashed till tlio filtrate no longer gives the reaction of niobium 
(an orange-yellow precipitate) with tincture of galls. By trc.ating the filtrate and 
wash-waters in a similar manner, and with certain precautions detailed in Murignac’s 
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loernoir, the Beparution of the niobium and tantalum may be eflTected almost com- 
plotely. 

From the alkali a, niobic acid may bo separated if in solution, by precipitation with 
sulphuric acid ; if in the form of an insoluble compound (as in tyrite), by fusion with 
eulpliate of ammonium. 

For fiiilher details on the separation of niobium from other elements, see H. Rose, 
TraUe de Chimic anahjiiqiic, ii. 469. 

The atomic weight of niobium was estimated by Rose at 98 : but the number 
94 detormiued by Marignac from his analysis of the niobates and fluoxyniobates 
a;;rocs very closely with tbo vapour-densities of niobic chloride and oxychloride, as 
doterniiiied by Devillo and Troost, and is now admitted to be correct. 

NZOBZUM, FZ.UORZ»rE-COXU[POTr»r]>S OF. Niobium forms a fluoride 
NbF\ and an oxyllnoride NbOF®, analogous to the chloride and oxjchloride ; both 
form double salts \vith the cbloridos of the alkali-metals and other basic inotals. 

Fluoxyniobates.- - Wy dissolving niobic acid in hvdrofliioric acid, an oxyHuoride 
of niobium is obtained, having the eomjiosition NbOF^, and forming salts isornor- 
phous W'ith the fluotitanates, lluostannatcs, and lliiotiingstates. 

Potassiuvi-salis. A solution of niobic acid in hydrofluoric acid mixed with fluo- 
ride of polassiiim yields ascricsoffluoxyniobat.es, five of which liaveboen obtained by 
Marignac in dellnite form. One of these is permanent; the others are converted into 
this normal salt by recrystallisation. The fiuoniobate crystallises out only in presenco 
of excess of hydrofluoric acid. All the fluoxyniobates are insoluble in a saturated 
solution of potassiurn-iliioride ; and more soluble in warm than in cold water. From 
the ji^'rfcctly clear solution, ammonia throws down niobic acid containing potash. By 
evaporation with sulphuric acid, they are decomposed ; and on treating tlio product 
W'ith water, niobic acid remains as an insoluble powder, very easy to wasli, while tlio 
whole of the alkali remains in solution. This reaction is available for the quantitative 
analysis of these salts. The individual salts are as follows: 

a. Jjaminar or Normd salt, 2KF.Nb0F^.H‘‘*0. — This salt separates from aqueous 
solution in very thin laniinae, so that moderately concim trailed solutions solidify to a 
jolly. In presence of a small quantity of free hydrochloric acid, it crystaUises in 
rhomboidnl tables, belonging to the monoelinic system; and exhibiting the combina- 
tion ccF . oP . ooPoo , + Poo . + 3P, sometimes also with + P and -i- §1^ Anglo ooP : 
ooP (clinod.) = 02'^ O'; oP : +Poo = 51® 26'; +3P: +3P = 90® 10'; + 3P : 
+ poo 12G® 34'. It is therefore isomorphous with fluotitanate and fluoxytung- 
fibito of potassium. It gives off nearly all its water at 100®, and is not decompose<l 
at 200®. It dissolves very easily in hot water, and requires for solution from 12'5 
to 13 pts. of cold water (at 17® to 21®), in presence of hydrofluoric acid somewhat 
less. 

iS. Ciihdid salt, SKF.NbOP. — Crystallises from solutions containing excess of 
potassium-lluoritle, in fonns resembling the cube but not belonging to the monometric 
system ; wlicn rccry stall ised from water it yields the salt o. 

y. Aeicular salt, 3KF.NbOF*.ITF. — Separates from solution.s containing excess of 
hydrotiiioric acid and potassium-fluoride, in slender needles, or by slow crystallisation in 
well-developed monoclinic prisma exhibiting the combination +P . — P .ooP . ooPoo. 
oP, sometimes united as twins by the side ooPoo , and thence resembling rhombic 
octahedrons. Angle ooP ; ooP = 115® 60'; -P : ~P (clinod.) = 138® 60'; -fP: 
-hP (clinod.) = 136® 34'; ooP : — P « 134® 8', The salt does not alter at 100®, but 
when heated to its melting point, it is converted into the anhydrous salt 3KF.NbOF*. 

3. Hexagonal salt, 6KF.3Nb0F®.H*0, — When a solution of niobic acid in hydro- 
fluoric acid is mixed with less than an equivalent quantity of potassium-fluoride, the 
salt a crystallises out first, and afterwards the hexagonal salt in apparently hexa- 
gonal monoclinic prisms, mostly grown together and imperfectly developed. 

«. Trklinic salt, 4KF.3Nb0P.2II'0. — When an excess of niobic fluoride has accu- 
mulated in the mother-liquor of the List-mentioned salt, the triclinic salt u^imately 
crystallises in iiitergrown, apparently rectangular prisms. 

Fluonvthate of Potassium, 2KF.NbF^ is obtained by dis.solving the fluoxy^pio* 
bate a in warm hydrofluoric acid, and crystallises on cooling in needle-shaped tri- 
metric cn'stals isomorphous with tho fluotantalate, and exhibiting the combination 
cop . ooPoo . Poo. Angle ooP : ooP « 112° 30'; ooP : oo^oo « 124®; oof'oo : foe 
=» 116® 10' ; f 00 : f go 120° 30', The crystals give off hydrofluoric acid when heated 

alone in contact with the air ; with excess of lead-oxide they may be fused at a 
heat without loss of weight. Their aqueous solution prepared at a high temperature 
yields, on cooling, a crystallisation of laminar potassium fluoxyniobate (a), and a 
acid mother-liquor. 
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fluoxyniohate vind fluoniohate of sodium were obtained by Marignac 
only in crystalline crusts which appeared to be mixtures. 

fJuoxyniohatcs of Ammonium . — Several of these salts w'ero obtained in the 
FAnic njiiiiner as the potassium-salts ; they are all likewise converted by rocr^'stallisatioii 
into one and the same laminar salt. 

tt. Iai.>h in ar salty 2NT1 ‘F.NbOF*. — Not isomorphoiis with the corresponding pot a s- 
f:iinn-salt, anvl much more soluble than the latUr. Tht* crystals, which belong to the 
trinuMric system, exhibit tlie combination Pco . Jpoo , foo . .jtco . oP, and assume a 
t iliiilar form in constt^uonce of the development of th<i basal faces. Angle oP : Poo 

112 ° 30'; oP ; iPoo *= 30';oP : Poo « 134^50'; Poo:Poo = 100° 40'. The 

salt may be heated to 180° without loss of weight. 

/S, C'utiic salty aNhPF.NbOF*. — Crystallises, like basic fluozirconate of ammonium, 
iji cubes or cubo-octahodrons. 

y. Hrxoyonal Salt, ONH^F.SNbOFMPO. — Crystallises from solutions containing 
excess of niobic fluoride;, in short hexagonal prisms, ueumiuated by a very obtuse 
pyiMinid of tile second order. 

5. Jieciangular salty NlPF.NbOF*. — Separates from tlie mother-liquor of the pre- 
ceiling salt ill groups of four-sided prisms, the crystalline form of which could not l e 
exact ly determined. 

Flnofriobatc of Awrnonimn has not bc;en obtained pure; a solution of the laminar 
Siilt a in excess of hydrofluorie acid, yields, on cooling, a cubic double salt containing 
SNir'F.NbF" + NH'F.NbOF^ 

Flnoxyniobate of Coppery CuF‘-.NbOF^4H-0, crystallises from veryconcentrated 
fiolutions in blue shining flat octahedrons belonging to the moiioclinio system and ex- 
hlllfriiig the combination +P.— P.ooP. [ajp<»].oP. Angle ooP : ooP 106° 60'; 

: [ oePoo I =« 126° 30' ; oP : -P « 142° 20' ; oP : c»P = 100° 40'. The crystals 
art' liygrosoopic and very soluble. 

Ftaoxyn iohate ofZinCy ZnF*.NbOF*.6H*0, crystallises inthe hexagonal system, 
citht r in ru; ed I c-s halt'd prisms or in apparent dotlccahodrons, on which the prism has 
been observed l()gotht;r w'ith the primary rhomboliedroii and a subordinate Jicuter 
rlmmbohedi'on. Angle R : R in the terminal edges ~ 127° 6' ; R : ooP = 11C° 25'. 

All these fluoxyiiiobatos, with the exception of one of the potussium- and one of the 
arnmoniuni-aalts of somewhat complicated constitution, have their corresponding tt'rms, 
ns regards crystalline form and chemical constitution, in the groups of the lluotitanates, 
fluustari Males, fliiotungstates, and fluozirconates, the fluorine and oxygen replacing one 
another isomor[4iously ; tlnis the acicular potass! urn -salt, 3KF.HF.NbOF'', is ison»or- 
I)]i(n]swiih llu(jstfLnnato of potassium, 3KF.HF.SnF' ; the lamellar ammonium-salt, 
2NIPF.NbOF’, with fluotungstate of ammonium, 2NH'F.WO F'' ; tho cubic ammo- 
nium-salt, SNH'F.NbOF’, with fluozirconate of ammonium, SNTPF.ZrF' ; tho 
ziiie-sidt witli tho fluostannate, fluosilicate, and fluotiUinate of zinc, &c. It was the 
isomorpliism of these salts which first led Mariguac to the discovery of the true 
constitution of the niohium-coin pounds. 

WIOBIunC, MrZTRIBlS OF. Obtained by heating niobic chloride in ainmonhi 
pas. It i.s a dull black powder which conducts electricity, is not attacked by nitric 
acid, scarcely by nitromuriatic acid, but easily by a mixture of nitric and hydrofluoric 
acid.s, 

3N‘IOBZXTXM[, OXZDSS OF. Niobium forms a pentoxide Nb*0^ analogous to 
the pentachloride ; also, according to Helafon taino, a protoxide and a dioxide. 

Photo xiDK, NbO. This is the black powder (regarded by Rose as metallic 
niohiimi), obtained by igniting fluoride of niobium and potassium with potassium 
(the oxygen being derivtS from the air, p. 49). 

It appears also to be formed, according to Devi lie and T roost (.Tahresb. 1866; 
p. 211), by the action of magnesiiun on the vapour of niobic oxychloride : 

F 2NbOCl* + - SMgCP + 2NbO: 

and by heating fluoxyniobate^ of potassium with sodium ; 

2KF.NbOF» > Na* » 3NaF + 2KF + NbO. 

Dioxide, NbO®. This oxide remains as a dense black powder with a tinge of 
blue, when the pentoxide -is heated to whiUness for several hours in a stream of 
hydrogen (wdiereupon it loses nearly 6 per cent, of its weight). It i.s permanent in 
the air at ordinary temperatures, but when heated to redness, is converted, with iii- 
candescence, into white niobic oxide, taking up from 6*22 to 6*38 per cent, oxygon, 
(^Ic, 6*34 per cent.) It is not attacked by water, concentrated acids, or caustic 
alkalis, either in the cold or at the boiling heat. (Delafontaine). 
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Pkntoxide of Niobitm. Niobic OxiBK or Anhydribk. In the hydrati^d 
state, Niohic Add. This oxide may In? prepared: 1. By decomposing niohic chloi*ide 
or oxychloride willi water.— 2. By fusing columhite or other minerals containing it 
with acid sulphate of potassium and treating the fused mass with water &c., as 
describe<l in speaking of tlie estimation of nioLium in these minerals (p. 51). 

Niohic oxide is white, hut becomes yellow when heate*!, the colour disappearing 
again on cooling. Its specific gravity varies .according to the degree of heat to wliirh 
it has been exposed in ]»repaiJition. AVhen prepared from cohind)ito by fusion with 
acid .sulphate of potassium, and perfectly purified from tantalic oxide, it has after 
ignition a specific gravity of 4*37 to ; that obtained by prolonged ignition of 
fluoxyiiiobate of ammonium has a specific gravity of 4’5l to 4'53 (Marignaoj. 
That prepared by the action of water on the chloride is a hydrate (niobic acid) ; it is 
amorphous and has a density of .5 25 ; but by exposing nioiiic oxyelilorido to moist 
air, so that it may be slowl}' decomposed, a crystalline hydrate is formed having ;i 
density of 4‘6 — 4'7. By exposing tlio amorphou.s hydrate to a red heat for a long 
time, or to a white heat for a shorter time, it is converted into anhydrous niobic oxido 
having nearly the .same density jis the crystalline hydrate. At the highest tempera- 
ture of a porcelain furnace, the oxide is converted into .a sandy powder consisting of 
microscopic cryat.als, of specific gravity 4*00 ; in one experiment it was fus(?d at this 
high temperature, and formed on cooling a r.adio-cry.stallino mass, flloso.) 

The hydrate prepared by the fiction of water on the chloride, and likewise that pre- 
cipitated by hydrocliloric acid from solutions of alkaline niobales, exhibits bright incan- 
descence when calcined; the oxido containing sulphuric .acid obtained by fusing 
columbito wdth acid sulphate of pota.ssium, does not. exhibit this phenomenon. 

Niol)ic oxide heated in hydrogen gas turns grey and is partially reduced; the loss 
of weight amounting, according to Rose, to 1 per cent., according to Delafontaine 
to 6 per cent, (tantalic oxido sufrer.s no reduction). Niobic oxide is decomposed by 
ignition in a stream of snfphydric acid gas, or vapour of sulphide of carhni, being 
converted into niobic sulphide (Ruse), oxysulphide (Delafontaine). Ignited in arti- 
monia gas it turns black, gives off a large quantity of water, and is ])artly converted 
into a nitride (p. 53). 

Niobic oxido after ignition is insoluble in all acid.s. The hydrate di.ssolvos with 
difficulty in hydrochloric acid, so that when an alkaline niobute is precipitated by an 
excess of hydrochloric acid, the filtrate retains only a small qu.antity of niobic acid 
in solution ; but on boiling for some time with strong hydrochloric acid, .and then 
adding water, a eonsideralilo quantity is dissolved, and by repeating this treatment 
with acid and water two or thnu? limes on the residue, the whole may bo ultimately 
dissolved. The hydrate dissolves easily in hydrofluoric add, but is nearly insoluble in 
nitric acid. 

Niol)atofl. — Niobic oxide unites wdth ba.sic metallic oxides, forming di^finite salts, 
several of which occur as natural miner.als. The niol)atcs of the alkali-metals are 
produced by fusing niobic oxide with the hydrates of those metals, or by boiling niobic 
acid with solutions of CJiustic alkalis. 

T\\q alkalme niobatrs are likewi.se soluble in solutions of potash .and carbonate of 
potassium, but dissolve with gre.at difficulty in excess of soda .and c.arl>onato of sodium. 
Niobic acid is precipitated from its alkaline solutions by acids, especially hy sulphuric 
acid, even at ordinary t emperatures (the precipitation of taut.alic acid requires the aid 
of heat). Oxalic acid does not affect alk.aline niob.atea ; but cnrhonic acid gas precipi- 
tates an acid salt soluble in a largo (Quantity of water ; acetic acid and sfU-am^noniae 
also form precipitates, but the precipitation by the latter is slow and imperfect, es- 
pecially if tho solution contain.s c<arbonato of potas.sium or sodium. A solution of an 
alk<aliuo niobate, acidulated with sulphuric or hydrochloric, acid, forms a red preci- 
pitate xifMhJerrocyanide of potassium, bright yellow with tho fcrriciianide, and orange- 
red with htfiiskm of galls. A piece of dnr, immersed in tho acidulated solution, 
forms a beautiful blue pn;cipitate, which after a while changes to brown. Tantalates 
yield only a faint blue colour with zinc, on addition of a very large quantity of hydro- 
chloric acid. 

Niobate s of Potassium. — These salts crystallise readily and in well-defined 
forms. By fusing the oxido with 2 or 3 pts. of potassium-carbonate and evaporating 
the solution of the fused mass in a vacuum, the salt 4Tt*0.3Nb*0*.16H*0, is obtained 
in large monoclinic prisms, exhibiting th"e combination ocP . [ooPco] . [2Poo] . oP . 
+ P. Angle ocP : ooP =- 109° 20' ; oP : ooP « 91° 30' ; oP ; + P « 136° 6' ; oP : 
[2PooJ 132 10'. This s.alt melts when heated above 100°, and solidifies again' 
at a higher temper.aturc, acquiring a transient yellow colour and becoming insolublf^ 
Tho aqueous solution of the crystals deposits a second salt, 8K’0.7Nb*0*.32H*0, in 
rhombic octHliedrons exhibiting the combination P. ooPoo , copoo . oP, with the angles FiP 
(brach.) == 120° 40'j P : P (mac*' 118° O'; oP: P - 131° 2(/; it is not altor^ 
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by recrystallisation. A solution of eitliftr of the preceding salts mixed with caustic 
fX)tash, and slowly evaporated, yields a third salt, 3K20.2Nb‘'0M3H*(), in very elHo- 
rescent crystals having the chai’actcr of rhombic oct-iihedrons. If the potash used 

contains soda, a double salt containing [ 3Nb*0-\9n-0, is obtained at the same 

time as a pulverulent precipitate, slightly soluble in water, insoluble in the alkaline 
liquid. By boiling a solution of fluoxyniobnte of potassium with acid carbonate of 
]..>t:issium, nearly the whole of the niobium is thrown down as an add iiiobate of 
potassium., K‘0.3Nb”0\5H‘'0, forming alight pulverulent precipitate, nearly insoluble 
in water. 

The niohates of sodium are crystalline powders which decoini^oso during 
washing. “ 

Mobaie of Iron and Manganese, (IVO ;]Vrn"0).NbW * Cohimbite. KioMie 
This i.M the mineral in which niobium or colunibimu was first discovered. It 
oceurs in trimetrie prisms, exhibiting the combination ooPoo . oePoo . oP . ooP 
ocr’2 . coP3 . A Poo . P3 . P, with other faces. Axes a \ b \ <■ = 0’8292 : 1 • 0*877 3' 
Angles ceP : <»P = 100° 40'; oP : P c» = 133° 22 5' (Dan a, il. 353). A crystal 
of eolninbite fmm the granite of Montevideo, examined by M nskolyrie (Phil. Mug 
|4l XXV. 41) exhibited the combination oepoo . ool»c» . oP . 2p2 . ooP oop3 
QcPo, with I lie iiuglos ooPoe : <xP5 = 1530 40'; oop3 : ooP.5 = 160° 42'. Colurn- 
bitc also fomis twjiis, with face of composition parallel to 2Pco. Cleavage parallel 
to QoPoo and ooPoo, the latter the most distinct,. It occui-s also massive but 
rarely. Hardness - 6. Specific gravity = 5*4— 6*1 ; 5'4G0 for the Connecticut 
mineral; 5*7— (5*39 for the Bavarian. Lustre submctal lie. Colour, various shades of 
black, often iridescent. Streak dark red to black. Practure subconchoidal uneven 
Brittle. It is not altered by heat alone. By bora.r before the blowpipe it is slowly 
dissolved, giving the reaction.s of iron and manganese; the bead, if saturated to a 
ccriain extent, may bo rendered greyish-white by llaming, c, specially if it has been 
pnviously healed in the inner flame; if fully saturated, it becomes opaque sponta- 
neously on cooling. With carbonate of sodium it gives the manganese reaction 
Many eolunibites heated on charcoal with soda and bora.v in a strong reducing flame* 
yield metallic tin. “ * 


Analyses of Cdumhite. 


Havana. 


grnvlty 

a. 

b. 

6-390 

6*078 

Ninhir oxide (Nb20»; . . . 

. 81*07 

80 64 

Sf^ll|l1lc oxide (SllO-) . . . 

. 0*45 

O'iO 

I un(.')itle oxide ( \VO^) . . . . 


I'errous oxide 

H-SO 

15*33 

lUanpiinouB oxide 

t'tuii if oxide 

rraiiou!) oxide 

3-85 

0*13 

4 '65 

II 


6*21’ 

1 tiria , , 

sy^KO 

100*W 


Connecticut. Ch.-intc- rin- Ilmen moun- 
luuu Utid. tains. 


c. 

.5*80 

d. 

6*03-6*05 

r. 

.V6.5'7 

/. 

e- 

5*43-5-73 

b. 

b 45 

7«*22 

“ 79*80 ' 

7874- 

8*2-T 

■“80-47 

7*i- ‘16 

0*40 

0-26 

O-.-iC 

• • 

1*0 

trace 

0*4 i 

14-06 

1.5 -00 

14-50 

i :i 2 

H'bO 

14-29 

563 

4*50 

7*17 

or* 

609 

7 .55 

• . 

. . 

. . 


0-.50 

0.51 

d-49 


;■ ■ 


2*44 

2-1 lO 

0-54 

99 06 

M 86 

FoRT 

I02*‘2 

foo-oo 

rdi) 00 


in Bavaria (II. Roae) — h. from the BaTnn(AwdeJ e w) c. from Middletown 

Tfm n ii'*'" ^*1," (Oente n).— from ClianteIt>iib,IJmoKc«(Da m o ii rl’ 

(N o r d e n a k i d 1 cl W- from^he lTmon 

|). 393. (Herman n) — h. from the same (Or Kte n), Rammelsberg's Mineraichemie, 

3 h(' columbite of Bodenmais, on the Rabcustein, m ar Zwiesel, occurs in granite, 
in ttie United Stutes it occurs both in felspatliic and iu ulbitic granite. 

^iobates of Yttrium, To this head belong the minerals FergusonitCy TtfritSy 
^miiragxtey which are in all probability identical. Fergusonite has been already de- 
scribed ( 11 . 623). Tyrite occurs near Arendal in Norway, in crystals too small for 
measurement, but probably quadratic, exhibiting distinct cleavage and having a den- 
.sity of 5*13 to 6*56. According to Bondi and Kenngott, their form is identical with 
uuiL of ler^somto. The mineral decrepitates and gives off water when heated, and 
cinibits with fluxes the reactions of iron and uranium. 

also from Arendal, has a grey-brown colour, metallic lustre, uneven small 
piintery fracture; hardness 4-6 ; specific gravity = 6*40. 

the following are analyses of those minerals fthat of fergusonite has been already 
s*ven, but is repeated here for the sake of ready comparison. 


^ columbites Hud laiUalites B 1 o tn » t r a n d ( J. pr. CIk w. xcvib 46 j Jahreth, 
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Tyrlte. 


Braglte. 

FefgufOfrite. 




a. 

6. 

e. 

d. 

e. 

/f' 

Kiobic oxido . 



44*00 

44*48 

43*49 

48*10 

47*75 

48-Si 

Stannic oxide . 



. 

. 

0*09 


1*00 

035 

Zirconic oxide 



, 

2*78 

0*80 

1*45 

8*02 

6-93 

Alumina 



5'66 

3*55 

l'35WO» 



Yttria . 



29-72 

27*83 

31*90 

32*71 

41*91 

38*61 

Cerous oxide . 



6'36 

&'63 

3*68 > 




Oxide of lanthanum 



1*47 

• .( 

7*43 

4*68 

3*05 

Uranous oxide 



3*03 

6-99 

4*12 

4*95 

0*05 

0*35 

Ferrous oxide 



6-20 

2*11 

1*12 

1*37 

0*31 

1*33 

Manganous oxide 



, . 

. • 

, , 

0*11 



Protoxide of load 



. , 

, , 

0*41 

0*09 



Lime 



0-81 

1*68 

1*95 

1*82 



Potash . 



. . 

. . 

7*23 

0*39Mg*O 


Water . 



452 

4-66 

3*71 

1*03 






100*19 

100*18 

99-85 

■ 99*45 

99*62 

^•4 


o, 6, c. Forbes (Phil. Mag. [i] xiH. 91— <f. M Ich aol so n (J. pr. Chem. xc. 108.)— Hart wall 
(Fogg* Ann. xvi. 479).^^. Weber {Inaugural dissertation^ Berlin, 1859, p. 59). 

The composition of these minerals may be represented by the general formula 
6M"0.Nb*0^§IP0. 

Uranoniobate of Yttrium and Iron. Samarskite, Uranotantalite. Trimetric. 
Anglo of prism 2 Poo = 135^ to 136°, therefore ooP r ooP s= 100° 40' to 101° 40', 
which is near that of columbite. Occurs generally in flattened grains. ITardness ■» 
6’5— 6 . Specific gravity *= 6-614 — 6*68. Lustre of fracture-surface shining and 
Bubmetallic. Colour velvet black. Streak dark reddish-brown. Opaque. Fracture 
subconchoidal. When heated, it decrepitates slightly, glow's, and becomes blaf^kisli- 
brown. Before the blowpipe it melts on the edges to a black glass. With 6m«*, 
in the outer flame, it forms a yellowish-green to reddish glass; in the inner, a yellow 
to greenish-black glass, which becomes opaque and yellowish-brown by flaming. 
With microcosmic salt, an emerald-green bead in both flame.s. With carbonate of 
sodium, the reaction of manganese. When pulverised it is slowly but completely decom- 
posed by hydrochloric acid, forming a greenish liquid ; more easily by sulpliuric acid. 


Analyses of Samarskite, 


Niobic oxide ) 
Tungstic ) 

a. 

b. 

c. 

d. 

e. 

r. 

g. 

66*33 

66*00 

65*91 

65-10 » 
0-48 J 

56*30 

(47*47 
\ 1*36 

6017 

Zirconic „ 

, . 

, , 



. 

4 *35 

4*25 

Stannic „ 

, , 

, , 

, , 

0*26 


0*05 

0-63 

Uranic oxide . 

14*16 

16*70 

16*77 

19*22 

16*63U*0 11*60 

11*08 

Ferrous „ , 

15*43 

15*90 

16*94 

16*05 

8*87 

11*08 

10*55 

Manganous „ » 

. , 

, , 


0*66 

1*20 

0-96 

1*61 

Cupric „ . 

. . 


, * 

0*07 


0-25 


Cerous „ . 

, , 

, , 



2*85 

3*31 ( 

16*90 

Yttria » • 

9*16 

11*04 

8*36 

4*91 

13*29 

12-61 { 

Thorina • • 

, , 





6*05 

6*56 

Lime . • 

0*92 

1*02 

1*88 

0*44 


0*73 

0*64 

Magnesia . 

0*80 

0*76 

0*76 

0*26 

0*60 

014 

0*04 

Water • 

. . 

. . 

. . 

. . 

0*33 

0*45 

0*40 


96*84 

101*41 

99*61 

96*35 

100*03 

100*41 

100*82 


a,b,e. by Fere*.— df. by Ch an dl er under H. R o t e ’ s direction (Fogg. Ann Ixxl. 1.57; Ixxtt 
469; Ixxiii. 440). — e. by H er nia nii (J. pr. Chem, 1. 178).^/, by Finkener. — g. by Stephen*, 
under R o « e ’• direction (Pogg. Ann. cxrlil. 339, 406, 497.) (Bull. Soc. Chlm. v. 491 ; Jahresb. 1863, 
p. 8*29). 

Samarskite is from the Ilmen mountains near Miask, where it occurs with 
wschynite in reddish-brown felspar. 

Hermann’s yttro-Umenite, a mineral from the same locality, agreeing with sa- 
marskite in crystalline form and density, but supposed by him to contain a peculiar 
acid, ilmenic acid (iii. 246), is, according to il. Bose, nothing but samarskite cqs^ 
taining a small quantity of tungstic acid. 

Niohate of Calcium, Cerium, ^c.* — ^This is the composition of pyrochlorer> 
mineral occurring imbedded in syenite at Fredriksyarn and Lauwig in Norway, ass^ 
dated with zircon, polymignite, and phosphate of yttrium ; also at Brevig with thorit^ 
in the Ilmen mountains near Miask, and associated with tourmalin in Sie albite weill^ . 
at Chesterfield, Massachusetts. Monumetric, occurring in octahedrons modified 
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fftces of the cube, and also in dodecahedrons and trapezohedrons 202, 303. Clearage 
octahedral, sometimes distinct, especially in the smaller crystals. Hardness = 5 — 5’6. 
{Specific gravity «= 3-802 from Brevig (Berzelius); 4*32 from Miask (Rose); 
4-203 from Miask (Hermann) ; 4 202 — 4*221 from Fredriksvarn (Hayes). Liustro 
vitreous or resinous. Colour pale honey-yellow, brown, dark reddish, or blackish- 
brown. Suhtranslucent to opacjuo. Fracture conchoidal. Before the blowpipe it 
becomes pale brow'nish-yellow or lemon-yellow, but retains its lustre and fuses with 
great difficulty. With borax it yields, in the outer flame, a reddisli-yellow transparent 
glass, which becomes opaque by flaming, and with a larger proportion of borax forms 
a white enamel. In miorocoAmw salt it dissolves completely, forming in tiio outer 
flame a yellow glass which becomes grass-green on cooling. 

Analyses of Pyrochlore, 


Fredriksvarn. Brevig. Miask. 



Wohler. 

Hayes. 

'^Vohler. 

ChydeniuB. 

Wohler. Ilerniann. 

Niobic oxide J 
Titanic oxide ( 

. 62*75 

J 63-10 

J 20-20 

67 02[ 
trace ( 

61-07 

67-37 

j 60-83 
1 4-90 

^>tannic oxide 

. 0*61 

. . 

• . 

0*67 



Coi-ic oxide • 
Alumina . 

. 6*80 

: :( 

6*16 

• • 

13*15 

15-23» 

Ferric oxide . • 

Uranic oxide 

. 2*16 

. |. . 

2*35 

4*60 




Uranous oxide , 

. 6*18 

1-2*0 

• 

2*82 



Ferrous oxide . 


. , 

1*331 

1*28 

2*23 

Miinganous oxide , 

. 2*75 

« , 

1*69 

, , 

0*14 

, , 

Cerous oxide 
"^'ttria . . • 

• • • 

• • 

• • 

6*00 

0*81 

0*94 

Tliorina • 


, , 

, , 

*4-62 



Lime . 

! 12-85 

19*45 

0-88 

16-02 

10-98 

9*80 

Magnesia 

• 

, , 

. 

. 

, , 

1*46 

Soda 

• • • 


, , 

4-60 

6-29 

3*62 

Potash , , • 

• 

, , 

, , 

. , 

, , 

0*66 

Fluorine 

. trace 

, 

, , 

not det. 

3-23 

2-21 

Water . • . 

. 4-20 

0*80 

7-OG 

1-17 

1*16 



97*30 

97*10 ' 

96-74 

96*87 

103*41 

101-87 


Wo h 1 e V (Pogjr. Ann. vii. 417; xxvll. 80; xlviil 83; Ann. (’h. Fharin. lxi.484) Hayes (Sill. 

Ani.J, xlvi. 158, 1G4).— C hy d e H i u 9 (Jahreib. 1803, p. 831.;— II e r in an ii ( J. pr. Chem, xxxi.e4; 
1 . I«9;lxvlii.96). 

Pyrochlore (or Microlite) from Chesterfield, Massachusetts, contains, according to 
Shepard (Sill. Am. J. xxxii. 338), 76*70 per cent, niobic oxide, 7*42 tungstic oxide, 
uranous oxide and yttria, 14*84 lime, and 2*04 water. 

Euxenite (ii. 611) from Norway is essentially a titano-niobato of yttrium and 
uranium. 

Mschynitc (i. 69) from Miask, is according to Herman n(7?a7«ww;/86f A/mrraf- 
ehtmie, p. 424), a compound of titanic and niobic oxides with ceric, ferric, lanthauic 
oxide, iScc. 


Niobic oxide 


. 33*39 

36*05 

33*20 

Titanic oxide 


. 11*94 

10 66 

25*90 

Zirconia (?) 


. 17*62 

17*68 

22*20 CegOat 

Ferrous oxide 


. 17*66 

4*32 

6*46 

Yttria . 

» 

. . 9*36 

4-62 

1*28 

Lanthanum oxide 

• 

. 4*76 

11*13 

6-22 

Cerous oxide 

• 

. 2*48 

16*59 

6*12 

Lime . 

• 

. . 2*40 



Water . , 


. . 1*66 

1*66 

1*20 



101*06 

100*51 

100*67 

Specific gravity . 


, . 6*08 

4*96 



Polycrase^ a. mineral from Hitteroe in Norway, agreeing in crystalline form with 
coiuiubite and samarskite, contains, according to Sene erer (Fogg. Ann. Ixii. 430; 
Ixxii. 568) and Hermann (J. pr. Chem. I. 181), titanic, niobic and zircoiiic oxides, 
combined with ferric oxide, uranic oxide, cerous oxide, and yttria, small quantitiesi of 
alumina, and traces of lime and magnesia. 

VZOBronif BinbPKZBSS op. By the action of eulphydric acid gas on niobic 

. * 'f tirconia found aTConllng to the flrit and second aimlyics gave no crystalHsable tsU with 
Kyumchlorio acid, and appeared iu the third oualysis as a mixture of ceric aud titanic oxides. 

T With oxide of laulhanuui. 
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chloride, at ordinary, or more quickly at higher temperatures, or by passing the 
■^pour of sulphide of carlx)n mixed with carbonic anhydride (to carry it forward) over 
strongly ignited niobic oxide, H. Rose obtained a black metallically lustrous 
powder, which he regarded as a sulphide of niobium. Accf>rding to Relafontai ne, 
It is an oxysulpliidc xMrO'nS* or (NbO)«S». 

IVEPKOUTE. A variety of chiolite (fluoride of aluminium and sodium, 
2Nu.F.AIlF“), found at Miask in the Ural. (See Sodium, Fj.uokidb of.) 

XV’ZTBZjA.ETM’. a yellow amorphous substance, produced by the action of 
sulphide of ammonium ou paranitraniline. (Arpipe, Ann. Cli. Fharm. xevi. 113,) 

xrZTBACROE. A heavy colourless pungent liquid, formed, tc^ether with others, 
by tlic action of strong nitric acid on ccnanthol (Tilley, Phil. Mag. [3] xxxiii. 81); 
also oil clioloidic acid (Redten bacher, Ann. Cii. Pliarm. Ivii. Ii6% 

la-XTRAlHARZliarE. See Amarine (i. 162 ). 

irZTRAIVZZEZEr. An explosive substance produced by the action of strong 
nitric acid upon starcli, ahso called Xyloidin {q. v.). 

BITRAB. Graham’s name for the radicle NO®, which must be supi)osed to 
exist in the nitrates, wlien they arc regarded as formed on the type of the chlorides, 
c.ff. nitnc acid, NO®.H. 

zrZTRAXrZEES. Syn. with Nitrates. 

xrZTRAXrZEZM'E. See Anilinis, Nitric Derivatives of, under P]]xnyt.amin£s. 

xrZTRARZSZC ACZBS. See Anisic Acid (i. 302). 

BZTRAZarZSZBE. See Anise, Oil of (i. 2U8). 

SrZTRASrzsZBZXrE. Soo Anisidinr (i. 304). 

SrZTRAXrZSOE. See Anisol (i. 306). 

arzTRATES. See Nitric acid, under Nitrogen, Oxides and Ox vgen- Acids of. 

RTZTRATZZr. Native nitrate of sodium. See Nitrates. 

WZTRAZOPHElTYXiAMZXrS. See Anijjnk, Nitric Derivatives of, under 

PlIKNYJ.AMINES, 

»rZTRAZOPBE»rYE-CZTRACO»rA»KZC ACZO.^ r. i t 

i bee the last rf^U‘relu•e^ 

ZrZTRAZOPHESrYZi-CXTRACOXrA2M[Zl>E. > 

SrZTRE. A name aj)plied soraetimes to nitrate of potassium, sometinu's to nitrato 
of sodium, but more frequently in commercial language to the latter, tlie potassiurii- 
salt being more especially distinguished as saltpetre. 

KTZXRZC ACZR. See Nitrogen, Oxides and Oxvgkn-Acids of. 

SrZTRZCUlVI. Syn. with Nitrogen. 

DJZTRXEES. This term might be applii'd to the eornjtounds of nitrogen with any 
other element or radicle, but it is chiefly used to designate tJie compouiuls of nitrogen 
with pho.spliorus; lioron, silicon, and the metals. The metallic iiilride.s have for th^ 
most part ilie composition denoted by the formula; RN, R'N, or R^N (R denoting a 
monatomic metal), the last being analogous to ammonia. Tliey are mostly obtained by 
the action of ammonia on metallic oxides 'or clilurides ; frequently also by the direcl 
action of atmosplieric nitrogen on metals at the niomentof separation from their oxidefi 
by charcoal. IMo.st of them liave a metallic aspect, are e asily decomposed by heatj 
sometimes with explosion ; some of them however withstand a very high temperaturt 
without decomposition. Many of them are reduced to tlie metallic state by ignition ir 
hydrogen or ammonia-gas; heated with water or hydrate of potassium; they ofteE 
yield metallic oxides and ammonia ; they l>urn when heated in tlie air. They nnit£ 
witli other metallic compounds, especially with metalaniides. — IPor the special descrip- 
tions of these compounds, see the several metals ; for the metWds of analysing them, 
see page 65.] 

zrXTRXESS. This term is applied to the cyanides of the alcohobradicl^ 
regarded as compounds of nitrogen with acid radicles ; thus cyanide of ethyl 
C“H*.CN sss propionitrile C*H®.N. (See Cyanides, ii. 202, 211, 258, 272, 274; alM 
Renzonitrilb, i. 503, and Cyanide of Cetyl, i. 840.) > 

Mendius (Ann. Ch, Pharm. exxi. 129) has shown that the nitriles are converted 
by*dircct assumption of hydrogen into amines, aeeortling to the generjil iquation.! 
OH*"-* 4 - H* *» C'TT‘"+’^N ; r.q. forinonitrile (cyanide of hydrogen) into nicthyjr 
amine, acetonitrile into ethylamino, &c. The conversion is ellected by bringing th4 
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■irilo mixed with hydrocliloric acid and alcohol into contact with metallic zinc. (Si^e 
AIetiIvlaminb, in. 99d.)— Action of bromine on nitriles. (Engler, Ann. Ch. rharrii. 
cxxxiii- 137.) 

irxTRlN’BOT. See Indin (hi. 26C). 

j 9 ‘XTRXTSS« See Nitrous Acid, under Nitrogen, Oxides and Oxygen-acids of. 
KZTRO-AZOBSM'ZEirs. Soo Azobenzkne (i. 478). 
JO'ITHOBBN’ZAIIXZDES. See Benzamide (i. 641). 

lO’lTBOBBia’ZAWIZIBB. See Phenyl-benzam:ii>e, under Phenylaminrs. 
ja’ITBOBEiarZAJiSrXSIBXBEt or Bknzonitraniside (see Anisidine, i. 301). 
lO’I'rBOBEWZENES- See Benzene (i. 543). — Tlie following arc additional mode's 
of formation and IraiisfoiTnation of these compounds. 

1. Nitrobenzene is produced, together Avith other products, Ijy the action of strong 
nitric acid on oil of turpentine (H. Schiff, Ann. Ch. Pharni. cxiv. 201). See Turfen- 
tink. 

2. In preparing nitrobenzene for use in perfumery, H. Void rccomTn(!nd.s that the 
bi’iiz« ne he tirsl distilled at a temperature below 83®, to fret^ it from a. volatile sulphur- 
(Ited body which it usually contains. The nitrobenzene is subsequiuitly to be distilh d 
in a current of aqueous vapour, and the portion of the product whicli remains dis.s(*lvcd 
in the water separated by addition of common salt. (Dingl. pol. J. clxvii. 148.) 

3. Nitrobenzene distilled for a long time with chromate of potassium and sulphuric 
acid, is converted into nitrophenoic acid, C‘*H=XN0'^)0'^ (Church, Clieni. Soc. Qu. 
J. xiv. 62). S<ai pHENOic Acin. 

1. When va]>nur of nitrobenzene mixed with hydrogen is pass<«d over heated 
jilalinum s|King<‘, t.hcre is obtained amongst other products a yellowish oil, fonning 
with hypocldorito of calcium a blue substance which is reddened bv acids and turned 
l.lue. again by alkalis. It is insoluble in w'ater, soluble in alcohol and ether, ami is 
neutral to lit inns. (G. .T umel, Bull. Soc. Chini. 1801, p. 47.) 

-3. Nitrobenzene heated witli sulphide? of carbon to ICO® is converted into aniline. 
(Schlagdeniiauffen, J. Pliarm. [3] xxxiv. 175.) 

For other modes of effecting this transformation, see Aniune under Phenyi,- 

AMI.VES. 

6. Nitrobcnzoiio trcfxted with 2 pts. iiX)ii tilings and ^ pt. strong hydrochloric acid 
is converted into a red colouring mat (cr called e i’}’ t h r ob c n z i n. Aft er 24 honrs’ contact 
the solid mass is to be friturated and exhausted with water, the clear solution pre- 
cipitated with common salt, and the produet purified by resolution and precipitation. 
(F. liaiirent and J. Oastleliaz, Rep. Patent Inventions, Oct. 1862, p. 339.) 

7. DinitrobenzcTm treated with iron-^JiJhtfjs and aoftfc is converted into pheny- 
Icno-diamine, CTI\NO^)- + H‘- = 4lPO + N-'.II\CTP)". (A. W. Hofmann, 
I’l'Mc. Boy. Soe. xi. 518.) 

WXTROBEBrZOEXirE. Syn. with Hydride of Nitrobenzoyl (see Benzyl, Hydride 
oi\ i. 674). 

ZtrXTROBEZrZOXC ACXDS. See Benzoic Acid (i. 456). 

IVXTROBEXrZOXrXTRXZE. See Benzonitru.e (i. 664). For the action of 
sulphide of ammonium on this compound, see Suephamidobenzaiulinb. 

B’XTROBSXrZOYE, PEROXXBB OF. See Peroxides. 

XTlTROBEXarZOTTB or XVXTROBElVZOPBBBrOBB. See Benzonb. 
B'lTROBSXrZOYZ-BEXrZOXXir. See Benzoin (i. 660). 
KrXTROBROMO-PBSXrXC oF -CARBOEXC ACXB. See Phenol, Debiva- 

J'lVLS OK. 

xrxTROBUTYROXrxc ACX3>« Syn. with Butyro-nitric Acid (i. 698). 
B'XTROCAECXTS. Native nitrate of calcium (see Nitrates). 

iMTZTROCAPRXO ACXO. C'®H'*(N0'‘')0. — Produced, together with nitrocRprylic 
ai’id, l)y the action of boiling nitric acid on the non-volatile fatty acids of cocoa-nut oil, 
i^Virz, Ann. Ch. Pharm. civ. 289.) 

NITROCAPRYEXC ACXD. See Capbtlic Acn> (i. 746), 
^ZTROCARBOBXC AOZB. Syn. with Nitropuenic Acid. 
XVITROCBB&VEOSa. See Cellulose (i. 819) and Pyroxylin. 

ivzTRocHEOROBIlxrZSSrB. See Chloride OF DmiTBOFUfiNYL, under Piwnyx, 

FunOBIDB OF. 
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ItrZTItOCBXiOROBaii’ZOZC ilC»8. These acids are produced by the action 
of fuming nitric acid on the corresponding chlorobenzoic acids. NitramonocMorobni- 
zoic acidy C’H*C1(N0®)0^ is slightly soluble in cold, easily in hot water, and crys- 
tallises in needles which melt at 205(?) Its silver-salt is a white precipitate which 
separates from water in flat crystals. Nitrodi-cJUorohinzoic acid, C'H*C1^(N0*)0®, is a 
yellowish oil which does not solidify even after long standing. (Otto, Ann. Ch. Phami. 
cxxii. 129.) 


ZrZTROCHZOBOZrZCEZC ACZS. 
ZrZTROCHXiOROUTZCSBE. 


1 


See Chloboniceic Acid (i. 920). 


zrZTROCHOEZC ACZB. CIPNW ? (Rodtcnbacher, Ann. Ch. Pharm. Ivii. 
145.)— An add produced by thc action of nitric acid on choloidic acid (i. 929). The 
h<‘avy oil which condenses in the receiver has an acid reaction, but is not a uniform 
substance. When washed with water and left in contact with aqueous potash, it 
acquires a yellow colour, and if the alkaline solution is concentrated, deposits lemon- 
yellow ciystals of nitroeholate of potassium. To obtain the whole of this salt, the 
alkaline solution is decanted from the unaltered oil and evaporated in a vacuum. It 
may be purified by redissolving the crystals in tepid water, and again evaporating in a 


Nitroeholate of potassium, CITKN^O*?, has a lemon-yellow colour, and apparently 
the same form as ferrocyanide of pota.s.sium ; it has a slightly intoxicating odour, and 
is not permanent in the air. The crystals, as they dry even in vacuo, and especially if 
heated, split into a great number of small fragments, acquiring at the same time a 
powerful odour and apparently suffering decomposition. The solution of the salt 
decomposes under the same circumstances. When boiled for a long time, it yields 
crystals of saltpetre. W^ien decomposed by an acid, dilute sulphuric acid for example, 
it yields nitrous acid, nitric acid, a fat oil and hydrocyanic aeid, products which may 
likewise be obtained from the mother-liquor of the crude nitrocholale. Nitroeholate 
of potassium does not precipitate metallic salts. 

zrZTROCBRYSEZrs. Sec Chrysene (i. 958). 

XrZTROCZmrAMEZOrB. 8oe Cinnamenb (i. 983). 

zrzxROCZsrxrAMZC aczb. See Cinnamic Acid (i. 983). 

XrZTROCZXrzrAMZBE. See Cinnamidb (i. 989). 

IZZTROCZIVErAXarzSZBZBE. NitranisyUcinnamide or Cinniiranisidc, C**H‘^N*0' 
(SCO i. 304, 989), 


RlTROCOCCirSZC ACZBa A product of the action of nitric acid on carmine 
(i. 804). 


BZTROCOBEZirE. See Codeine (i. 1068). 

ZrZTROCOVMARZnr. See CoiiMARiN (ii. 94). 

ZrZTROCVMEXTE or xrZTROCVnsOB. See Cumene (ii. 174). 

IVZXROCRESYBZC ACZB. See Cbesyeic Aecohol (ii. 207). 

ZrZTROCUMEETTZiAXIKZErS or ETZTROCVMZBZJirE. See Cumenylimini 
(ii. 178). 

BZTROCUiazirzc ACZB. See Cuminic Acid (i. 178). 

XrZTROCYMEXrE or RTZTROCYMOE. See Cymene (ii. 296). 

TflrZTROBRACOXOrESZC ACZB. Syn. with Nttranisic Acid. 

WZTROBZCRZiOROPKEXfZC ACZB. Nitrodichlorophenol^ NitrodUMoTOcar* 
boUc acid, (See Phenol, Derwatives of.) 

ITZTROBRACYXiAMXBE. C’II®N*0*. Isomeric with nitrobenzamide (i. 641). 
Obtained by the action of ammonia on nitrodracylic ether (Wi lb rand and 
licilst ein). — See also Beichenbach andBeilstein (Ann. Ch. Pharm. cxxxii. 143). 

irZTROBRACYEZC ACZB. Varanitrohenzoic acid, C'H»(NO*)0*. (Wil- 
brand and Beilstein, Ann. Ch. Pharm, exxvi. 265 ; cxxviii. 267. — G. Piseher, 
ibid, cxxvii. 137; exxx. 128.)- -An acid isomeric with nitrobenzoic acid, produced by 
the action of fuming nitric acid on toluene (hydride of benzyl). It was first obsen^cd 
by Glenardand Boudault (Ann. Ch. Pharm. xlviii. 344), who however assigned to. 
it the formula OHl\NO'^')0^, Fischer obtained it as a secondary product in prepariq^ 
nitrobenzene from benzene containing toluene. By agitating the crude nirrobenas^JW 
thus obtained with dilute soda-ley, and neutralising the alkaline solution with hy^ 
chloric Acid, the acid separated in flocks, which wore purified by rccrystallisation wi|^ ^ 
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Addition of animal charcoal. Wilbiand and Beilstein saturate fuming nitric acid with 
toluene, keeping tho liquid cool ; boil the mixture for four or five days with excess of 
nitric acid; dilute the liquid with water; distil off the greater part of the nitric acid 
and tho imattacked toluene ; agitato the residue with dilute ammonia ; supersaturate 
with nitric acid; and purify the separated nitrodraeylic acid by repeated solution in 
jimmonia, predpitation with acid, and recrystallisation from alcohol. The mother- 
liquor retains a more soluble acid, not yet examined. 

Nitrodi-acy lie acid crystallises from solution in yellowish lamince, and sublimes in 
blender needles. It is easily soluble in alcohol, ether, and boiling water ; melts at 240® 
(Tiitn)benzoic acid at 127"). By the action of sodium -amalgam (on the sodium-salt) 
it is converted into azodracylic acid^ (Keichenbach and Beilstein. 

Bilfiiiger). See Appendix. 


Mtrodracylate of Animo7mi7n, C»II^(NH*)(N02)02.2IP0, crystsllises in faint rose- 
coloured very efllorescent laminae (Wilbrand and Beilstein). On saturating an 
nniinoniacal solution with sulphydric acid, and adding acetic acid to the filtrate, a crys- 
talline. prodpitato is formed consisting of oxydracylami c acid, C’IPNO* or 

(C'11^0) I N oxybcnzamic acid (Fischer). The same acid is produced 

by treating nitrodraeylic acid with tin and hydrochloric acid (W. and B.), See OxY- 

DRACYEAMIC AciD, 

Jsitrodracytate of Barium, C**H"Ba"(N0®)*0*.5H*0, crystallises in transparent 
yellow prisms (W, and B.); the calciiun-aalt in colourless needh^s containing 
'(;'^Il‘*Ca"(N0*)-0^8TI-0 (W. and B.) ; in splendid large tiibles, C*^H“Ca"(N0'*)‘0^9lI '0, 
which give off 8 at. water over oil of vitriol, and the remainder at 160® (Fischer). 
{Isitrobenzoato of calcium crystallises, according to Fischer, in indistinct nodules with 
2 at. water, which it gives off between 130® and 1U0®.J 

Tho 0'^n"Pb"(N0^)*0\ crystallises in needles (W. and B. ; Fischer); 

tho maynvsium-mlt in thick rhombohedral crystals (\V. and B.) ; the silver’salt 
in needles (Fi sell or; W. and B.) ; tho sodiuinsalt in largo yellow prisms. (W. 
and B.) 


xrXTROBRACYXiZC STKSRS. Tho cthylic ether, C»H«(C“H^)(N02)0«, 
obUijjcd by treating tho alcoholic solution of the acid with hydrochloric acid gas,’ 
crystallises from alcohol in largo inodorous laminae, melting at 67". — The mctkylio 
ether, 0UI\CIP)(N0‘^)0‘^, forms nacreous laminae melting at 96®. (Wilbrand and 
Beilstein, loc, cit.) 

N'ZTR.OSRYTKROlIKAIMrxvXTlSa Nitroerythriiit See EiiyTiiBOMANNiTB. 

R'XTROSTKYX.XC ACXB (BI-), CWN^O*. (Frankland, Phil. Trans. 
1867, p. 69 ; Chem, Hoc. .1. xi. 89.) — This acid is obtained as a zinc-salt, 
by (he combination of 4 at. nitric oxide (NO) with 1 at. zinc-ethyl (C*H"*Zn"). 
\Vhen zinc-ethyl, cither pure or dissolved in ether, is passed up by small quantities 
into dry nitric oxide confined over mercury, the gas is absorbed slowly, but com- 
pletely and in large quantity, without tho production of any other gas. Tho solution 
may be aecedcratod by agitation. At the end of one to four days, rhoraboidal crystals 
ot a zinc-salt begin to bo deposited, and increase in number till the liquid finally 
solidifies. 

[Fur a description of the mode of preparing it in larger quantities, see the memoir 
above cited ; also Gmelirds Handbook, xii. 666. J 

The salt obtained as above is a compound of dinitroethylate of zinc with zinc-ethyl, 
F^lJ"’Zn"N*0\Zn"(C-*Il*)'''. It dissolves in anhydrous ether, and separates from tho 
Solution in largo, colourless, transparent, rhomboi'dal crystals, which instantly become 
ojiaque on exposure to the air, owing to the formation of an oxidised product. Heated 
to bet ween 1 80® and 1 90® it gives off a mixture of carbonic anhydride, ethylene, hydride 
ot ethyl, nitrogen, and nitrous oxide. 


A hash diniiToethylate or oxy-dinitroethylate of sine, C*H'®2fnN*O^ZuO, is 
obtained by treating the preceding salt with water, which decomposes the zine-ethyl, 
with evolution of hydride of ethyl and formation of oxide of zinc.' The oxy-dinitro- 
ethylate remains dissolved in the water, and on passing carbonic anhydride through 
the solution, carbonate of zinc is precipitated, and a solution is obtained which when 
ovaporatod to dryness, yields rieutral dinitroethytate of zinc, as a radiated crystalline 
jiiJt.ss composed of C*H*®Zn"N'*O^.H*0 ; and this when heat^ to 100®, yields* the an- 
which takes fire at about 800®, burning with a beautiful bluish-green 

Binitroethylic axdd is obtained in dilute aqueous solution by decomposing a dilute 
solution of the zinc-salt with sulphuric acid and distilling in a vacuum, or by decom- 
posing the barium-salt with just suificient sulphuric acid to precipitate the base. It 
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has a pungent odour, reddens litmus strongly, and is very unstable, decomposing 
gradually even at ordinary temperatures, and rapidly when slightly heated, with erol«. 
tion of gases and white vapours. 

The din itrocthy Kites are all soluble in water and in alcohol, and most of them crj-g. 
tallise with more or less difficulty. They are all violently acted on by strong nitric 
acid, the dinitroethylic acid being decomposed and a nitrate of the base producej. 
llilutc nitric acid acta in a similar way, but more slowly. They all melt at a little 
above 100°. The potassium-, sodium-, calcium-, and barium-salts deflagrate explosively 
like loose gunpowder, at a temperature considerably below redness. 

Vinitrocihylate of Barium, C^ir'‘*Ba"N^O‘*, prepared by treating the zinc-salt with 
excess of caustic baryta, removing the excess of baryta by carbonic acid, &c., is neu- 
tral, uncrystnllisiible, very doliqui seent, and very soluble in water. — The caicium-saft, 
(’•*H’"Ca"N‘()*.3ir'^0, prepared like the barium-salt, crystallises in silky needles which 
give off 2 at. wateir at 100°. By di.stillation with etJiyl-sulphate of potassium it, 
appears to yield dinitrocthylato of ethyl. — The coppir-snl t , 2C^II'®Cu"N^OMl=0, 
prepared from tlics barinrn-salt by double decomposition, forms a solution of a splendid 
purple colour, which, by evaporation in a vacuum, yields purple four-sided needles 
several inches long. — The mayncsni7n-salf, C'‘Il*‘'Mg"JSH)‘, prepared by decomposing 
the zinc-aiilt with m.agncsia, separsitt's frotn the solution, when concentrated over a 
water-bath, in gmnular crystals which molt at 100‘^, and dry up to a solid amorphous 
Tiia.ss consisting of the aidiydroiis salt. — The itihu r-snU, 0-’Il^AgN*0'', prepared likt^ tho 
eoppep-salt, is very soluble in wattw, and crystallises in very light seales, winch upp 
rapidly decomposed on exposure to liglit. A compound of this salt with nitrate of 
silver, C‘lPAgN‘^0-’.AgN()*, is obtained as a crystal lo-granular, sparingly soluble pre- 
cij>itatc, on mixing concentrated solution of diiiitroethylate of zinc, and nitrate of silver. 

XO'ZTROSirXASrTBXC ACZ1>. See Euxanthic Acid (ii. 610). 

N’ZTROFSRRZCYAXrZBES. NUro2)7'f(.ss?dcs. (See Cyanides of Inf*N, ii. 
2fi0.) 

KTITROFORIH. Sec Njtuometiiides. 

XrZTROrRAXrGUUC ACZB. Soe Franqui.in (ii. 707). 

zrXTROOSlor. A^otr, Gas aerate. Stickluft, Stickstoff, Atomic Weight, 14. 
Symbol, N. — Tln.s element w'as discovered by Eutherford in 1772. Lavoisier 
Fub.sequontly ascertained that atmospheric .air is composed of oxygen and nitrogen 
gases, the latter of which he called from its incapability of supporting life (o and 
Chaptal afterwards gave it the name niWogen, from its entering into the cora- 
po.«iition of nitre, nitric acid, &;c. 

Nitrogen constitutes about one-fifth of the volume of tlie atmosphere. It occurs 
also in the free state in the air-bladders of fish, and in other cavities of the bodies of 
animals and vegetable.^. In combination it occurs in native nitratss and ammo- 
niacal salts, and in avast number of organic compounds, especially those belonging to 
the animal kingdom. 

Preparatum. 1 . From the Air. — Nitrogen may be separated from the air by burning 
in it any substance which forms with the oxygon a product that can easily be remov(^d. 
Thus when phosphorus Imrns under a bell-jar standing over water in tho pneumatic 
trough, phosphoric acid is produced, and is quickly absorbed by tlie water, which then 
rises into the jar till it fills about one-fifth of the space originully occupied by the air. 
The remaining gas, after being well shaken several times with fre.sh jx)rtions of 
water to remove the last traces of pho.sphoric acid, consists of nitrogen contaminated 
only with aqueous vapour and a triu’c of carbonic anhydride. When the gas is required 
quite pure, a better method of obtaining it i.s to pass air previously freed from carbonic 
an hydride by can Stic potash and from aqueous vapour by oil of \ntriol, over ignited metallic 
copper; tho oxygen then enters into combination with the copper and the nitrogen, may 
be received in a vessel exliausted of air. Or air from a gas-holder may be passed 
through a large bottle filled witli a mixture of moistened sawdust and precipitated oxide 
of iron which has been converted into sulphate of iron by a current of aulphydric acid 
gas. After its transit through tliis ves.scd, the air, deprived almost entirely of its oxy* 
gen, should be passed through a serie.‘»of four U-tube.s, the first two containing solutiop 
of pyrogallatc of potassium a caustic potash tojibsorb the carbonic anhydride and residue 
oxygen, the last two containing oil of vitriol to ab.sorb the aqueous vapour." Th^ 
is a very convenient method in practice, as the sulphide of iron may be restored # 
efficient activity an indefinite number of times by passing eulphydric acid gas throtigl 
the containing vessel. ■ ■ 

2. From Ammonia and its salts. — o. By passing chlorine through aqueous ammomSl 

4NH> -I- Cl* - N + SNH'Cl. 
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Tli« liberated nitrogen may be freed from adhering ammonia by washing with snlphune 
acid. Care must be taken to keep the ammonia in considerable excess, as otherwise 
the dangerous compound, chloride of nitrogen, may be formed by the action of tho 
chlorine on tho sal-ammoniac. According to Anderson (Chem. Nows, v. 246), the 
nitrogen obtained by this method is always mixed with oxygen. 

3, ^Solution of nitrite of ammonium when boiled splits up into water and nitrogen, 
NIPNO'* « 2H'‘‘0 + N\ But as this salt is difficult to prepare, it is better to sub- 
ftlitute for it a mixture of sal-ammoniac and nitrite of potassium : 

NH^Cl + KNO* = KCl + 2H‘'0 -f N. 

This is the easiest of all methods of obtaining pure nitrogen. The solution of nitrite of 
potassium may be prepared by passing nitrous anhydride, evolred from starch ancl 
iiitrie acid, into solution of potash of specific gravity 1*38, till it acquires a decided 
jici'l reaction, when it is to be neutralised by further addition of the alkali. Tin's solu- 
tion unilcrgo(‘.s no change by keeping, and when required to yield nitrogen, must bo 
inixed Avitli three times its volume of a concentrated solution of sal-ammoniac, 

y. >ritrate of ummonium heated in the dry state with sal-ammoniac also yields 
nirrogen, together with chlorine, which m^iy be absorbed by slaked lime or caustic 
p(.)tasli : 

2(NH‘)NO> + NH^Cl « N» + Cl + 6H-’0. 

^’if^ogell may also be obtained from nitrate of ammonium by dipping a piece of 
luoriillic zinc into the fused salt. 

5. Or it may be procured by saturating oil of vitriol with nitric oxide gas, adding 
nil[)liate of ammoiiiiiin, and heating to 130^^. 

3. J'Voiti Aniinal s^uh»taiiicvs . — Muscle and other animiil substances gently heated 
with dilute nitric acid give off nitrogen, together with a little nitric oxide, which may 
bo rc'iuoved l>y passing the evolved gas through a solution of ferrous sulphate. 

Ih'opertiis . — Nitrogen is a colourless uncoiidensable gas, of specific gravity 0 972 ; 
tMslf'loss, iModoix)iis, and w'ithout action on vegetable colours. It is sparingly soluble 
in 100 measures of which at 15^ dissolve only measures of nitrogen. (Seo 

liAsns, Ausoki’tion ok, ii, 790.) It is incombitstiblc, and doe.s not support the com- 
bustion of ordinary combustibles (sulphur, phosphorus, carbon, hydrocarbons, &e.). It 
may breathed for a short time, but does not support re.spiral ion. it is not poisonous, 
but an animal immersed in it dies, simply for want of oxygen. Its function in the at- 
mosphere, as regards combustion and respiration, appears to be merely that of a diluent, 
preventing tho too rapid action that would take place in an aLmosphere of uninixed 
oxygen. 

Ill the free slate, nitrogen exhibits for the most part l)nt little chemical activity. 
Tile metals titanium^ tiwlahwiy tinigstaiy and probably a few others, combine with it 
however, and even burn in it, and under certain circumstances it may be made to unite 
directly with hydrocfcn, and carbon. Thus when a long series of electric sparks 

is passed through a mixture of oxygen and nitrogen gases standing over a solution of 
caustic alkali, combination slowly tfikos place, and a nitrate of the alkali-metal is pr«:)- 
diiced. Traces of nitric acid and nitrate of ammonium also result from burning hydro- 
gen gas mixed with nitrogen in an atmosphere of air or oxygen. Nitrogen and 
hydrogen c.an also unite, when one or both the gases are in the nascent state, to form 
ammonia (i. 182). The direct union of carbon with nitrogen to form cyanogen, takes 
place when nitrogen gas or atmospheric air is passwl over an ignited mixture of charcoal 
and potash or baryta. (See Cyanides, ii. 198, 239.) 

The slight affinity existing between nitrogen and other elements gives a peculiar 
character to its compounds, many of which are extremely prone to decomposition, f.g. 
the fizotised principles of the animal and vegetable organism. Many nitrogen- 
compounds also, especially those which contain the^ oxygen a ted radicle nitryl, NO*, are 
higldy explosive. 

Nitrogen belongs to the pentad group of elements (iii. 967), including also'phospho- 
rus, arsenic, antimony and bismuth. It enters however into combination with other elc- 
nif'iits in several proportions ; thus there is a complete series of oxides of nitrogen, in 
'vbich the rjitio of the number of nitrogcn-atoins to that of tho oxygen-atoms ranges 
Ix twecn the limits 2 : 1 and 2:5; and Griess has shown that in a variety of organic 
bodies, a single atom of nitrogen may he substituted for 1 or for 3 atoms of hydrogen. 
In ammonia and its numerous substitution derivatives, a single atom of nitrogen is united 
" ith 3 atoms of hyjdrogen or of nidiclcs equivalent thereto ; in the ammonium-salts and 
their analogues, on the other hand, an atom of nitrogen is united with 5 atoms of 
hydrogen and other monatomic elements, or with equivalent quantities of polyatomic 
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; sulphate 
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of ammonium, 



irXTSOOEzr. BORXDS ox*. See Bokon, Kitbide of (i. 63S). 

iriTROGESr* BROMXBE OF. NBr^? — Formed by decomposing chloride of 
nitrogen with aqueous bromide of potassium. Dense blackish-red, yery volatile oil, 
having an odour liko that of the chloride, and exploding violently by contact with 
phosphorus and arsenic. (Millon, Ann. Ch. Phys. brix. 75.) 

xrXTROOEirf CHBORZDS of. KCP ?— This highly explosive compound was 
discovered by Dnlong in 1812. It may be prepared : 1. By filling a bottle carefully 
cleaned and freed from every trace of greasy impurity, with chlorine gas, and inverting 
it over a leaden dish containing a weak solution of some ammoniacal salt, a solution of 
1 pt. sal-ammoniac in 12 to 15 pts. wat/T being generally employed. The chlorine is 
then gradually absorbed, while yellow oily drops of chloride of nitrogen form on the 
surfiice of the liquid, and soon fall to the bottom. The reaction is — 


NTPCl + Cl® 4HC1 + KCl®. 

2. When a small lump of sal-ammoniac is suspended in an aqueous solution of 
hypoclilorous acid, the same compound is deposited, being produced according to the 
reaction : 

NII'Cl + 3IIC10 = IICl + 3IPO + NCK 


Tliis is a better mode of preparation than the former. 

Chloride of nitrogen is a thin yellow oil of specific gravity 1-653. It volatilises 
quickly in the air, giving off a pex-uliar penetrating odour, and attacking the eyes 
strongly. When heated to nearly 100^^, or wlien treated with any oil or fat, or with 
turpentine, phosphorus, and many other substances, it decomposes with an extremely 

violent tliough local explosion. A single drop of it explodc'd on a glass or pon'olain 

dish, sliattors the vessel to atoms. By hydrochloric, sulphydi-ic, or .sul])liurous acid, it 
is decomposed without explosion, and these reactions afford tlie means of analysing the 
compound. The results of different chemists who have examined it do not, however, 
agree. Acording to Bineau (Ann. Cli. Phys. [3] xv. 71) it has the formula NCI*; 
according to Millon (Ann. Ch. Phys. (2] Ixix. 75), it is NWCl® « NCF.2N.TP; 
according to Gladstone (Chem. Soc* Qu. J. vii. 51), N'HCP « NC1*.NIICP. The 
reaction with sulphurous acid is, according to Bineau’s formula, 

NCI* -h 3H*SO* + 3IPO = NHMI.SO* + 2H*SO< + 3HC1; 

according to Gladstone’s, 

N*HCP + 5H*SO* + 6H*0 - 2(NIT«.n.S0*) + 3H=SO* + 5HCI. 


RXTROOSRT, CBEOROPBOSPBZBS OF. NPCF. See Puosphobvs, Chlo- 

RONITIIIDE OF. 

RXTROOSRr, CBEOROSVEPBZDS OF. N8‘C1 or N^S*. SCI*-— When the 
compound 2NH*.SCP (obtained by bringing ammonia-gas slowly in contact with 
protosulphide of chlorine) is heated for some hours to 100° in a glass tube, it is 
converted into a yellow mixture of sal-ammoniac and cldorosulpliide of nitrogen ; 

2(2NH*.Sa*) = 3NH<C1 + NS^Cl. 

On heating this mixture, sal-ammoniac is given off, and the chlorosulphide of nitrogen 
is resolved into nitrogen, sulphur and disulphide of chlorine — 

2NS*C1 « N* + + S*. 


The same mixture dissolve.s completely in water, and the solution, which is yellow at 
first, becomes turbid after a while and slowly deposits a brown pow'der, and is then found 
to contain sal-ammoniac and hyposulphurous acid, with a trace of sulphydric acii The 
principal reaction may be expressed by the equation : 

NS^Cl + 3IPO = NH*C1 + 


The brown powder appears to be composed of 7 at sulphur, 3 at. hydrogen and 3 at 
nitr6gen, with a trace of chlorine. 

When carbonic anhydride is passed tjirough a hot solution of sulphide of nitrogeif 
in protosulphide of chlorine, a small quantity of chlorosulphide of nitrogen «ublim<l| 
after a while in yellow crystals. The compound thus prepared gives a blue colottZ 
with ammonia. (Sonbeiran, Ann. Ch, Phys. Ixvii. 87, 101. gee also GnieH^^ 
Handbook, ii. i7 5.) 
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KXTBOOSXTf BBTfiCTZOSr AXTO SSTZlMCATZOXr OF. lieactions.^ThQ 
propcrtii'S of nitrogen in tlie free state have been already described. They are 
t-s-^entiully negativt‘. A gas which does not burn in the air or support the combustion of 
a taper, M'liich has neither an acid nor an alkaline reaction, does not render lime-water 
turL)id, and is not !il)sorbed by caustic alkalis or by acids, may b<* pronounced to bo 
nitrogen. In like manner, in examining a gaseous mixture, after all tht* absorbablo 
gases have been removed by appropriate rejigcjits, hydnjgen and hydrocarbons by ex- 
plosion with oxygen, and oxj^gen itself by explo.sioii with liydrogen, the residual gas can 
consist, of nothing bat nitj-ogen, and il.s volume may bo det(‘rmined by direct measure- 
ment. (*Sec Analysis (Volumetric) of Gases, i. 273, 280, 285; also Atmosphere,!. 535.) 

'Jdio methods of delecting and estimating nitrogen in liquid and solid compounds in 
whieli it is associated with carbon and hydrogen, viz. in organic bodies, have botni 
already fully described in tJio article Analvsis, Organic (i. 225, 239). The method of 
calcination with soda-lime may also be applied to the determination of nitrogen in 
many inorganic compounds, e.g. the nitride of boron (i. 635), and certain metallic 
nitrides. 

N itride of boron may also be anal^^sed by mixing it with a known weight of pure 
oxide of lead, drenching the. mixture with nitric acid, evaporating it. to dryness, and 
calcming it in a ])latiiinm crucible. The excess of weight of the residue over the 
ori'diial wriglit of tiie lead-oxide gives the quantity of boric anhydride produced by 
the oxidation of flic Ijoron, whoiiee the amount of boron in the compound may be cal- 
ciil.iled, and the nilT’Ogen determined by difference. 

Nitride of pho-sphorus may be unaly.sed in a similar manner; or by Iieating 
if to rediie.ss in a sfj’eam of hydrogen, whereby the nitrogen is converted into ammonia, 
wliicli may be c.oji(]en.sed in liydrocliloric acid, and estimated as platinum-salt, 

Siilpliide of nitrogen is analysed by oxidi.sing the sulphur with nitric acid, or 
wi(h hyilnjcliloric acid and chlorate of pota.ssium; or by dis.solving the compound in 
(lilitle 'p(»tas}i, and oxidi.sing with hyp<»chlorilc of potassium. The sulpliuri(^ acid thu,9 
ibniie.l is pncipilated by a b.irium-salt, the quantity of sulphur thence calculated, and 
the iiitrogen detormimul by ditferoiice. 

Tlu> (■oin|>oun<l.s of nitrogen witli chlorine, bromine, and iodine, may be analysed 
hy «ii;coinpo,sing them with hydrochloric, sulphydric orsulplmrous acid, and determining 
til.- qu.inf ities'of ainmoiiia, aii^l of hydrochloric acid, &c., thereby produced (sQe iii, 
231, and iv. 0-t). 

The nilrogeii in metallic nitrides iriay, in most case.?, bo accurately determined 
by igniting tiie compound, reduced to A'ory fine powder, with oa;ide of copper in a com- 
bust ion-rube. The rnetal i.s therol)y oxidiseil, and the nitrogen i.s given off as gas, which 
may be collected and measured, ft does not appear tlmt any oxides of nitrogen aro 
formed during the ooml)ustion. If the compound also contains hydrogen, that element 
will 1)0 converred into water, which may be condensed in a chloride of calcium tube, as 
in organic analysis. In some cases exact results may bo obtained by igniting the 
iiifruh* in a current of air or oxipjm -whereby the metal is oxidised, while the nitrogen 
escapes — weighing the resulting oxide, thence determining the amount of metal, and the 
uilrogon by difference. 

Another method of decomposing metallic nitrides i.s to ignite them in a state of 
extremely line division in a stream ot hydrogen gas. The nitrogen is then converted 
into ammonia, wliicli may be condensed in hydrochloric acid, wliile the metal remains 
in the frei; state. If aii oxide is likewise present, water will be formed; and if it be 
condensed by chloride of calcium or hydrate of potassium and weighed, its weight will 
givi^ by calculation tlic quantity of oxide present in the metallic compound. Th/re are 
a few rmM.illii* nitrides which are not decomposed by hydrogen ; such is the case with 
nitride of chromium. 

The metliod vmy frequently adopted for analysing metallic nitrides is to fuse them 
in tlie state of tine powder with hydrate of ^^otassium or soda-limey whereby the 
nitrogen is converted into ammonia. Some nitrides, however, are not completely 
dt'coni posed by this treatment, and nitride of chromium resists it altogether. Whether 
t'lK* decomposition of these nitrides would be assisted by addition of sugar, as in the 
analysis of certain organic nitrogen-corapouiids (i. 246), \ is a point which does not 
appear to have been ascertained by experiment. 

Tiie quantity of metal in the more refractory metallic nitrides may be determined by 
fusing the compound with a mixture of alkaline carbonate and nitrate.y whereby the 
nitrate is oxidised. These compounds may also be oxidised by digestion in a strong 
solution of an alkaline hypochktritSy the nitrogdn being at the same time given oiF as gas. 

Lastly, these more refractory nitrides may be analysed by fusion with acid sidphate 
<?/ potassium. This method has been applied by Wohler to the iinalysis of the crystals 
of nitrocyanide of titanium fonnd in iron smelting furnaoes (ii, 273). The crystals, 
reduced to fine powder, were dissolved by fusion in the previously melted salt 
VoL. IV. » F 
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contained in a small retort ; the evolved gases, consisting of nitrogen, carbonic anhydride 
(from the cyanogen) and sulphurous anhydride, were passed through a tn]^ containing 
lumps of potash, to absorb the last two gases ; aud the nitrogen was collected and 
measured (see Rose’s Chiiiiie Anali/UquCy ii. 1081). 

It is often of importance to detect and estimate the presence of vei^ small quantities 
of nitrogen in metals, inasmuch as the peculiar properties of certain metals prepared 
by particular processes, are sometimes attributed to the presence of these minute 
quantities of nilrogeu. Thus the difference in quality of various kinds of stoel has 
been partly attributed, by Fr6my and others, to the greater or smaller quantities of 
nitrogen contained in them. On the other hand, a series of experiments recently 
niitde by IVlessrs. Stuart and Baker (Chem. Soc. J. xvii. 390), in which different 
kinds of steel in a stote of very minute division were ignited in hydrogen gas, have 
shown that when proper precautions were taken to prevent access of nitrogen from the 
air or other extraneous soui’cos, the quantity of ammonia formed is almost impercep- 
tible ; hence they consider it probable that the small quantities of nitrogen found in 
steel by other observers may Inive been due to errors of experiment, and at all events 
that the existence of nitrogen in steel cannot be regarded as proved. Fr6my, however, 
does not consider the method of ignition in hydrogen as well adapted for the praise 
determination of the quantity of nitrogen contained in steel, but is of opinion thaf the 
only method capable of yitdding trustworthy results is the direct oxidation of the steel 
by combust ion, as in organic analysis, and the determination of the nitrogen by 
measure men t. (Pelonze et Freriiy, Traite^ 3rae. Ed. iii. 412.) 

The oxides of nitrogen are analysed either by exploding them with hydrogen 
(i. 28f)), or by passing them over red-liot copper, which removes the oxygen and leaves 
the nitrogen. When carbon and hydrogen are likewise present, as in organic com- 
pounds, the substance must bo burnt with oxide of copper, and the evolved gases passed 
over red-hot metallic copper (i. 242). 

The metliods especially adapted for the analysis of nitrates and nitrites will be 
described further on (pp. 71, 84). 

Atomic Weight of Nitrogen . — The weights of equal volumes of hydrr)gen and 
nitrogen at the same pressure and ttimperataire are, according to Regnault’s experiments, 
as 1 : 14*()6 ; henc<*, on the iissurnption that equal volumes of elementary gases contain 
equal numbers of atoms, the atomic weight of nitrogen sliould be 14-06. 

Svanberg (Berz. Jahresb. xxii. 39), by the analysis of nitrate of lead, obtained for 
nitrogen the number 13-95; Penny (Phil. Trans, cxxix. 13), from the analysis of 
nitrate of .sodium, found N = 14 02. 

The experiments of Pelouze (Compt. rend. xx. 1047) and Marignac (Ann. Ch. 
Pharm. lix. 289), on the quantity of chloride of ammonium required to precipitate 1 pt. 
of silver from ite solution in nitric acid, give — if Ag = 108, .'ind Cl « 35’5 — as a mean 
result, N 13'99; and if Ag = 107’98, Cl — 35^6, then N = 14-01. — Marignac has 
further determined the weight of nitrate of silver produced by treating a known weight 
of metallic silver with nitric acid. 100 pts. silver gave, as a mean of five experiments, 
167'2 pts. ‘nitrate : hence (for Ag •= 108) N = 14. Stas (Ann. Ch. Pharm. Suppl. 
i. 62) by the same method found N =* 14-041. — Lastly, Marignac finds that 100 pts. 
chloride of potassium require for complete decomposition, on the average, 227 9 pts. 
nitrate of silver (max. 228*09 ; min. ~ 227’81), whence if Ag 107*98, Cl = 3&*46 
and K = 3911, we find N « 14*03. 

These several results differ about equally in excess and defect from the whole num- 
ber 14, which is accordingly received as the true atomic weight of nitrogen. 

nrXTROOBXr, ZODZDB or. See luDAMiDBS (iii. 280). 

nrZTROOSXr, OXZOBS AUTB OXYGBW-ACZBB or. Nitrogen forms a 
very complete aeries of oxides, as represented in the following table : 


Pmtoxide or Nitrous oxide . 
Dioxide or Nitric oxide 
Trioxide or Nitrous anhydride 
Tetroxide or Nitric peroxide 
Pentoxide or Nitric anhydride 


. N*0 

. N*0»orNO 
. N*0» 

. NWorNO* 
. N20^ 


All these compounds may be produced directly or indirectly from nitric acid and re- 
converted into it. The three higher oxides are decomposed by water, yielding the 
corresponding acids ; thus : 

N'^0» + U-O « 2HNO* 

Nitrous add. 

N*0« + IPO « HNO» ^ HNO* 

Nitrous acid. Nitric acid. 

ITO* + H*0 » 2HNO* 

Nitric acid. 



NITROUS OXIDE. 


er 


Protoxidb op Nithookn or Nitrous OxmB. N*0. 

This coraj^und, which is gaseous at ordinary temperatures, was discovered by 
Priestley in 1776, and minutely examined by Davy in 1800, who first noticed tlie 
lively stimulating effects produced by its inhalation, whence its popular name of 
Laifyhmg gas. 

t'orinaiion and Preparation. — 1. By gently heating nitrate of ammonium in a flask 
or retort to a t<miperaturo not exceeding 260®. The salt puts on the appearance of 
ebullition, and is entirely resolved into water and nitrous oxide : 

(NH*)NO* « N^O -r 2H=*0. 

The gas may be collected over brine, warm water, or mercury. If the temperature of 
the fused salt is allowed to rise too liigh, a more complex decomposition ensues, 
allciuled with the evolution of white fumes of nitrate and nitrite of ammonium, and of 
nitrogen, nitric oxide and ammoniacal gases. Moreover this decomposition is some- 
times attended with explosion. If the gas is to be used for inhalation, great care must 
be taken to ensure that the nitrate of ammonium used is free from sal-ammoniac, 
otherwise the product will be contaminated with chlorine. 

2. When granulated zinc is acted upon by nitric acid diluted with eight or ten 
times its volume of water, very pure nitrous oxide gas is slowly evolved : 

lOHNO* ♦ Zn« = 4ZnCNO*)* + 611*0 -f N*0. 

3. Nitrous oxide may also be obtained by decomposing nitric acid or a nitrate with 
a solution of stannous chloride in hydrocliloric acid ; by acting upon sal-ammoniac 
with nitric acid of specific gravity 1-2 ; by slowly passing nitric oxide gas through a 
solution of sulphurous acid or an acid sulphite ; by decomposing nitrosulphate of am- 
monium ; and by many other reactions ; but when required in quantity, it is always 
prepared from nitrate of ammonium. 

Properties, — Nitrous oxide is at ordinary temperatures a colourless, feebly refrangi- 
ble gas, of specific gravity 1’495 ^ ^ x 0*0693^ . It has a faint agreeable 

odour and sweetish taste. When respired for four or five minutes, it produces a lively 
intoxication, often attended wdth a disposition to muscular exertion and violent 
lauglitor. Animals immersed in it become restless and die after some time. It is 
HOJiiewbat soluble in water, 100 pts. of which absorb 130 volumes of the gas at 0®, 
78 vol. at 15®, and 61 vol. at 24®. (See Gases, Absorption of, ii. 796.) It also 
dissolves jin ether and in the fixed and volatile oils. Neither the gas nor any of its 
solutions has any action u^x)!! vegetable colours. 

Nitrous oxide may be reduced to the liquid and to the solid state. The liquid i« 
obtiiiiied by heating perfectly dry nitrate of ammonium at the end of a bent glass tube 
hermetically sealed, till the whole h<i« distilled over to the cold end; then this end 
is hi^ated, find so on two or three times till the greater part of the salt is decomposed. 
In the cooler end, two strata of liquid condense, the lower of which is water containing 
nitruus acid and nitrous oxide in solution, the upper liquid nitrous oxide. Tho 
apparatus is very liable to burst with extreme violence, so that the greatest caution is 
required in using it (Faraday). The liquid compound may also be obtained by 
mechauieal compression of the gas, (Natterer, Pogg. Ann. xii. 132.) 

Liquid nitrous oxide is colourless and very mobile. Its specific gravity at 7®, and 
under a pressure of 60 atmospheres, was found to be ()'908. It boils at about — 88®. 
A single drop of it placed upon the hand produces a wound like a burn. Metals dipped 
mto it mak(? a hissing noise, like that produced by quenching red-hot iron in water. 
Putassiuin, charcoal, sulphur, phosphonus, and iodine float on its surface without 
alt(‘ration. Ignited charcoal burns on its surface with a vivid light. It is miscible with 
ether and alcohol. Sulphuric and nitric acid are immediately frozen by it. Water 
also freezes, but at the same time causes the liquid nitrous oxide to evaporate with a 
degree of rapidity almost amounting to explosion. According to Faraday, nitrous oxide 
is the least refractive of all liquids. 

By expo.sing liquid nitrous oxide to the cold produced by a bath of solid carbonic 
iinliydride and ether ( — 100® C. or — 148® F.), the compound is reduced to the solid BtatOi 
Agviin, when liquid nitrous oxide is allowed to escape into the air, by opening the stop* 
toek of the vessel in which it has been condsnsec^ the first portion which escapes is 
reduced to the solid state. Solid nitrous oxide is ' a white snowy mass which, when 
^acod upon the hand, melts, evaporates suddenly, and produces a blister like a burn, 
^ixed in vacuo with sulphide of carbon, it depresses the thermometer to —140® C. or 
-240® F. (Natterer.) 

1. Nitrous oxide gas is resolved into its elements by a series of 
weetric sparks, or by transmission through a red-hot tube, 2 voL of the gas yielding 

jr 2 
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1 vol. oxygen aiul 2 vol. nitrogen. A coil of iron rendered incandescent by the electric 
current also decomposes it, with formation of ferric oxide, and liberation of a volume of 
nitrogen equal to that of the original gas. A similar effect is productxl by the electric 
arc issuing from an iron point. An incandescent pLitinum coil produces a more com- 
plex decomposition, attended with formation of red vapours. (B.uff and Hofmann, 
Chem. Soc. J. x. 279.) 

2. Nitrous oxide forms explosive mixtures with many inflammable gase.s. When 
exploded w'ith its own volume of hydrogen^ it yields water and a volume of nitrogen 
equal to that of the original gas. 

N^O + H* « H'*’0 + N* 

8 vol. 2 v^l. 2 vol. 

3. Nitrous oxide nets, like oxygen, as a supporter of combustion, but is distinguished 

from that gas by not forming red vapours when mixed wiih nitric oxide. A bright- 
glowing match introduced into nitrous oxide, burst.? into flame and burns w'ith a 
brilliancy almost equal to that which it exhibits in oxygen. Ignited carbon and its 
compounds inflame very readil}^ in nitrons oxide gas; but other combustibles, 
phosphorus and sulphur for example, r<*quire to be very strongly heated in or<ler to 
burn ; the combustion, how’over, when once establislu'd, takes place with grcfit, 
brilliancy, i^odium heated in nitrous oxide takes fire and leaves a volume of nitrogen 
equal to that of the original gas. zinc^ and other metals, in a state of ignition 

also continue to burn in nitrous oxide. 

Dioxide of Nitrogen or Nitric Oxide, NO or N-O®. 

Synonymes. Binoxide of Nitrogen. Dtutoxide of Nitrogen, Nitrosgl. Azotyl. 
Nitrous gas. Nitrous air. SalpeUrgas. Gas 7iitr6sum.. — This gas, which was first 
investigated if not discovered by l^riestley, may be prepared: 

1. By acting on copper clippings or borings with nitric acid of specific gravity 1*2, 
made by diluting the strong acid with about twice its bulk of water. Nitrate of copper 
ie then formed, and nitric oxido evolved: 

8HN0» + Cu* « 3Cu(N0*)* -f 4H"0 -h N*0». 

The reaction, if it does not take place at once, may be set up by the application of a gentle 
heat ; but the lower the temperature the purer is the resulting gas. When strong nitric 
acid is used, or the temperature rises high, the nitric acid is contaminiitod with free 
nitrogen. Other mi'tals, lead, mercury, silver, and bismuth, for example, may be sub- 
stituted for copper in tho above reaction, but with them a strong acid or a higher 
temperature is required. 

2. By decomposing nitrate of potassium or sodium with a solution of ferrous 
chloride in hydrocliloric acid, or of ferrous sulphate in dilute sulphuric acid: 

6FoSO^ -I- 5H-^S0‘ + 2KNO» ^ SFo'^CSO^)* + 2HKSO« + 4H“0 + 2NO. 
This process yields the gas abundantly and in a pure state. 

3. Nitric oxide, more or less pure, is produced by many other reductions of nitrous 
or nitric acid ; also by the oxidation of ammonia, as when that gas is passed over heated 
oxide of manga 11 es»\ 

Properties and lieactions. — Nitric oxide is a colourless uncondensable gns of specific 
gravity l*039r) x 0*0693^ It is very sparingly soluble in water. 

According to Henry, 1 vol. water at mean temperature absorbs of its volume of the 
gas. According to Bunsen, 100 vol. ahohol at 15^ absorb 27 Y vol. of the gas. 

Nitric oxide combines directly with free oxygen^ producing deep orange-coloured 
iumes of variable comjwsition, but consisting iii great part of nitric peroxide. These 
red vapours dissolve in water, forming an acid solution, but nitric oxide itself is 
perfectly neutral to vegetable colours. From the characteristic nature of this reaction, 
nitric oxide may be advantageously employed to detect the presence of free oxygen in 
n gaseous mixture. It is necessary to observe, however, that chlorine., in presence of 
water, produces the same effect with nitric oxide, inasmuch as it decomposes the 
water and sets oxygen free. Tliis reaction was in fact one of those which wore 
formin-ly adduced in favour of the theory which regarded chlorine as a compound gaS 
containing oxygen. Nitric oxide was formerly used, especially by Priestley and 
Cavendish, to estimate the proportion of oxygen in the air or other gaseous mixture, bttt 
the method is not capable of yielding exact results, on account of the difficulty of 
obtaining nitric oxide perfectly pure, and it has long since been superseded by mb^ 
trustworthy methods. In consequence of the rapid conversion of nitric oxide into acid 
products when it comes in contact with the air, ita actual taste, smell, and respirabili^ 
have not been ascertained. 
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Kitric oxi<le is absorbed freely by nitric acid^ with probable conversion into nitric 
rioroxido, and formation of a deep brown, green, or blue liquid, according to the eon- 
n'litration of the acid. It is likewise absorbed hy ft rrovs salts, producing a deep 
lu*o\vn almost l>lark coloratiini. The brown liquid ihii.s formed contains ’2 atoms of 
vv. bb to each inoleenle of nitric oxide, the forniula of the ci inpouiul being 
, ',v ‘ NO It uives lip nearly the whole of tlie absojlM-d when heated, but 
; ; ^ r ipeilv oxnlised on ex[>osnre lo the air. Tliis eomponml is also foi'ined wJien 
,, 1 ..- nifi'ais it'-ei is added to the .solution of a fcrri.)Us smIi, aiid affords one of the 

h Jleate i.'.st:' for tlinse acids (pp. 71, 82). Nitric oxide fonus pr(‘eise]y similar 
Mie uti ls with chruntoas suits ; it is likewise ab.sorlK'd \iy staiinuvs wimI mrrcuriius 
, . an<l foi’ins crystalline compounds with siuunic chloriiL\ and with suljjhin'ic 

ac(il er af/hj/dridr. 

I) cuuijwsitiuhs. — 1. Nitric oxide is a very .stable compound, and if perfectly dry, is 
not decomposed l»y a red heat, or by ordinary electric .spark.s. Jjuff and llofinaiin 
found, however, that it, wa.s slowdy decomposed by tlie .sji.irk current of the induction 
coil. Moist nitric (^xido is more easily decomposed by a succession of electric .sparks 
into nitrogen and nitric acid. — 2. l^y moi.st iron filings, cine filings, soluhle sulphidrs, 
arid snlphitrs, stanutnis ehlorid<\ and other reiliicing agouts, it is slowly converted into 
nitrous oxi'le, frequently accompaiiieil Viy ammonia. — 8. Nitric oxide is completely con- 
vert *(! ink) ammonia, whom mixed with exo'css oi sul phydrie acid, and transmitted over 
quicklime. — 4. A mixture of moist iron Jilings and also reduce.^ nitric oxide 

y«*ry completely, but. chiefly to freo‘ nitrogen. —5. Ordinary combu.stiblcs do not burn 
in iiilrio' oxido.*, but phosphorus and carbon, when introduced in full eoinbuslion, bum in 
tlic g.is with great brilliancy.— 6. With an equal volume of it forms a mixture 
^\]^icll dm s not ex[)lode on the approach of a burning body, but biirn.s qui»4ly witli a 
gi<*e)iish flame. • 7. Four volumes of nitric oxide passed o\er red-liot charcoal are con- 
verted into 2 vol. nitrogen and 2 vol. carbonic anliydride : N-t.)- + C - N* + 00'*,— 
8, Sidphtj'- Aovh not. burn in nitric oxide, but a mixturo of the vapour of of 

ru'-inni and nitric o.xide gas inllames readily, jarodneing a bright groimisli flash of 
lialit. 9. Reddiot f/v/w, decompo.se.s nitric oxiilc, with libenitioii of half its volume of 
nitrogen. With a coil of iron w'iro r<uidercd incandinsceiit by the electric curnmt, the 
dcci>m(>osition is i-asily and com ph'tcly effected (Jlnff and Hofmann). Potassimn. 
and sodium eiil'ct .similar decomposition.s when heated sufficiently to burn in tho 

Nitric oxide imters into several corapound.s as a monatomic radicle (nitro.syl), replac- 
ing hydrogen atom for atom, as in the nitrites, the general formula of which is 

|o. It lias for tho most jiart a chlorous rather than a basylous character, 

ticvcrf hi4css it is sometimes capable of Tcplaciiig l>a,sylous hydrogen, as in chloride of 
nitrosyl, XOfl, and suljiliatc of nitrosyl, H(N0j80^ In nitrous ether, C‘H*(N0)0, tho 
iiifrosyl ni!i\ also bo ri'garded as occupying the place of the basylou.s hydrogen -atom of 
aboliol, ('-IJMl.O. According to Weltzicn, nitric oxide is sometimes biequivalent or 
cairibb' of dis[*l:u‘ing t wo atoms of hydrogen, a ^dew which is in accordance with the 
fact ilial it forms a dicliloride, NOUl“ as w'dl a.s a protocliloride. (fesee Nitrosyl.) 


Nitr<)u.s Anhydride, Acid, and Salts. 

Witrows anhydride or Trloxlde of nltroi^en = NT)®, — SVitrous acid =» 

11 vt.N 'O' or UNO*. Nitrous anhydride is formed, together with nitric peroxide, when 
nitric oxi<li.‘ eume.s in contact with oxygen in atmospheric air. It may be obtained pure 
by mixing 2 vol. nitric oxide with 1 vol. of oxygen in a vessel surrounded by a freezing 
mixtui’c ciipable of producing an intense degivo of cold. A blue liquid is then formed 
'vvliich emits red fumes, and is decomposed by water, yielding nitric acid and nitnc oxide i 

3N"0» + 2H*0 2HN0’' + 4N0 H=0. 


The same liquid is more easily obtained by heating 1 pt. ot starch with 8 pt.s. of nitric 
acid of specific gravity 1'25, and passing the evolved gases, first through a dr}u’ng 
tul>e two feet long contakiing fused chloride of calcium, and then into an empty tube 
cooled to --20'^ J?'. (- 93*6° C.) by immersion in a mixture of pounded ice and cryst.d- 
li.scil chloride of calcium. 


Nitrous anhydride (or perhaps the acid) may also be prepared by adding a small 
quantity of ico-cold water to liquid nitric peroxide surrounded by a freezing mixture. 
Alter tliG reaction of the two has taken place, distillation may be effected at a lovr 
temperature, and the product condensed in a TJ-tube immersed in salt and ice. 

At O'' and at lower temperatures, nitrous anhydride combines readily witU water,, 
forming a blue solution ; but at higher temperatures the mixture is decomposed, nitric! 
*>xide being given ofli and iiitric acid remaining in tolution. The same, decompoeitiou 
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takes place irhen nitrous acid is set free by the action of sulphuric acid on a nitrite. 
Ice-cold acidified solutions of nitrites however, that of jwtassium-nitrite with sulphuric 
acid, for instance, seem to contain undecomposed nitrous acid. Nitrous acid (or 
perhaps only the moist anhydride) is likewise obtained by the action of nitric acid at a 
gentle heat on arsenious anhydride : 

As*0« + 3H*0 + 2HNO» - 2H»AsO^ + 2nNO* (or H=0.N*0*). 

Deep-brown vapours are then given off, which when passed over chloride of calcitjm, 
give up their water and leave nitrous anhydride. Similar vapours are given off when 
starch is treated with a large excess of nitric acid, of specific gravity 1'25 ; but tlie 
process is attended with considerable frothing, and occasionally, when a stronger acid 
IS used, with explosion. 

Nitrous acid acts very readily both as an oxidising and as a reducing agent. Thus 
it reduces permanganic and chnirnic acids to the state of manganous and chromic 
salts, and mercurous and auric salts even to the metallic state. On the other hand, it 
bleaches indigo by oxidation, liberates iodine from iodide of potassium, and converts 
ferrous into ferric salts, with production of nitric oxide. 

Nitrous acid decomposes urea, with evolution of carbonic anhydride and nitrogen 
gases: 

CH^N^O -I- 2HNO^ = CO* -f N« + 2H*0. 

When nitrous acid or the anhydride acts upon a hydrate, either acid, neutral or basy- 
lous,it fn^quently gives rise totlieformationofnitroso- com pounds, in which an atom 
of hydrogen is displaced by an atom of nitrosyl, NO: thus with alcohol, C'H^.II.O, it 
forms nitrous ether, C*H*.NO.O. Its reactions with amides and amines are particularly 
remarkable, and differ according as the amide or amine is present in aqueous or in 
alcoholic solution : 

a. An aqueous solution of an amine or amide treated with nitrous acid or anhydride, 
yields the corresponding acid or alcohol, with evolution of nitrogen: thus 

C^IPO.H*.N + HNO* « C’H»O.H.O + H*0 + N* 

Benzamide. Benzoic acid. 


Cni».n*,N + HNO* = C«HMI.O + H*0 + N* 

Phenylamine. Pheiiylic alcohol. 

With larger proportion of nitrous acid, aminos yield the corresponding nitrous ethers: 
thus 

C*n».n*.N + 2HN0* = C*IPNO* + 2IPO + N*. 

Bthylamine. Nitrite of ethyl. 

ft. When nitrous acid or anhydride is passed into an alcoholic solution of an amine 
or amide, a different or intermediate reaction takes place, attended with the formation 
of compounds in which I at. nitrogen displaces 3 at. hydrogen. Thus the double 
molecule of phenylamine reacts with nitrous acid or anhydride according to the following 
equation : 

+ HNO* = C‘*n»*N» + 2n*0. 

In like manner, a double molecule of oxybenzamic acid, C^H’NO*, treated with 
nitrous acid, yields an acid having the composition C^*H**N®0*; 


.C‘«H‘'N*0< + HNO* » C*^H'’N*0* + 2H=0; 


and similarly for other cases. (See Phehtlamines, Oxt-anisamic, Oxt-benzauic, 
OxT-COMENAMIC and OxYTOnOYLAMIC Aems.) 

Trioxide of nitrogen unites with the tetrachlorides of tin and titanium, forming solid 
compounds which are obtained hy passing the vapour of nitric peroxide into those 
chlorides. The stannic compound has the composition SnCl*.N“0*, (E. Weber, Poggi 
Ann. cxviii. 471 ; Jahresb. 1863, p. 165.) 

iritrltes. The normal nitrites have the composition M'NO* » ^|Oor]VI"N*0* 


SB 0* according as the metal contained in them is mono- op di-atomic. There 

are also nitrites containing M*NO* ».= lll*N*0® *» (N0)*|^*' which the 

three atoms of metal denoted by the symbol H may consist of the same or of different 


metals, including hydrogen : thus there are basic nitrites of lead containing PVN*P* 
and Ph'^HNO*. There are also a few nitrites containing a still larger proportioa 
of base, which may be regarded as compounds of tri-metallic nitrites with oxides 
hydrates. ^ 

Nitrites are produced : 1. By the reduction of nitrates , — When nitrate of potassitp 
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or sodium is strongly heated, oxygen is given off, and a mixture of nitrate, nitrite, and 
fire alkali is left ; similarly with the nitrates of barium, strontium and others. * Ou 
dissolving the fused mass thus obtained in water, and adding nitrate of silver, a pro- 
cipitate of the sparingly soluble nitrite of silver is obtained, which may be purified by 
solurion in water and crysf alHsation ; and from this salt the otlier nitrites may be 
formed by double decomposition with the chlorides of the several metals. Nitrate of 
of lead boiled with metallic lead, yields a basic nitrite of lead, thus: 


Pb" * 
(NO’')* 


O* + Pb* 



O*. 


2. By decomposition of nitric peroxide in presence of an alkaline hose : 


N=0« + IPO « HNO* -t ]1N0». 


When the red vapours, chiefly consisting of pernitric oxido, evolved by distilling 
fuming nitric acid, are passed into a solution of caustic potasli or soda, a mixture of 
nitrate and nitrite is obtained, from which the nitrous acid maybe precipitated in the 
form of a silver-salt, as above. The same react ion takes place when the vapours 
■ evolved on heating starch or arsenious acid with dilute nitric acid are passed into solu- 
tion of caustic alkali; in this case, however, the vapours eontaiii a eonsiderabh* quantity 
of nitrous acid or anhydride, so that a larger proportion of nitrite is obtained. ^ 

3. By oxidation of the lower oxides of yiitroifm in presence of Artsy*-. - Nitrite of 
potassium is formed when oxygen gas is gradually addid to nitric oxide standing over 
caustic potash solution, or when a inixture of 1 vol. oxygen and 4 vol. nitric oxido is 
passed thi’ough the same liquid. Nitrites arc also produced Tjy passing nitric oxido 
over metallic peroxides, 

4. By vxidathm of Ammoma. — -Platinum-black quickly converts a mixture of 
ammonia and atmospheric air into nitrite of aiumoniuin. A coil of Ijeated platinum- 
wire introduced into a flask of air to whicdi a few drops of strong ammonia have been 
added, also produces an instantaneous cloud of nitrite of ammonium. Again, when 
finely divided copper is shakc-n up with moist amnion iacal air, both thccopp% and the 
ammonia are rapidly oxidised and nitrite of cojiper is formed. Nitrites are frequently 
found in the well-water of towns, the nitrous acid being probably formed in this case 
also by oxidation of ammonia. 

Reactions of mtrites.—^\tr\i(i^ oxes colourless or slightly yellow, and for the most 
part cryslallisablc. The solutions of the potassium- and sodium-salts have an alkaline 
reaction (H. Hose). Nitrites melt when moderately heated and solidity unchanged 
on cooling; but when strongly heated they are decomposed, giving ofi' nitrogen and 
oxygen gases. They detonate sharply when heated with combustible bodies. The 
normal nitrib^s (MNO*) are all soluble in water, the lead- and silver-salts however are 
sparingly soluble, so that the solutions of the more soluble nitrites give precipitates 
with lead- and silver-salts. Heated solutions of nitrites exposed to' the air, absorb 
oxygen and are converted into nitrates. When boiled for a long time -in a flask or 
retort, they are decomposed, yielding a nitrate, nitric oxide and free alkali: e.g.^ 

3KNO* -H IPO = KNO» + 2KIIO + 2NO. 

Nitrites act readily both as reducing and as oxidising agents. Acidulated solu- 
tions i)f nitrites permanganate of potassium, and gradually change the 

colour of acAd chromate of potassium to a greenish -blue ; they also reduce M- 
cMonde of gold and mercurous salts, giving with the former a brown precipitate of 
metallic gold, and with the latter a grey precipitate of metallic mercury. Theso 
reducing actions distinguish nitrites from nitrates. 

In their oxidising action, nitrites resemble nitrates, excepting that they act more 
readily, and m many cases without the presence of a free acid. Thus they give a 
dark-brown colour with ferrous salts without the addition of acid, whereas nitrates 
ex iibit this effect only when the nitric acid is set free by addition of sulphuric acid. 
Acidulated solutions of nitrites produce at once a purple colour with starch and iodide 
<!/ whereas pure nitrates do not exhibit this effect until the nitric acid is set 

roe and partially reduced to nitrous acid (p. 86). Nitrites in solution are further 
s ingmshed from nitrates by their behaviour with certain metallic salts, giving while 
pijoipitates with lead- Kta^silver-salts^ and a yellow precipitate, which forms slowly, with 
aqueous sulphate of copper^ they produce nitrite of copper 
lien forms a very characteristic apple-green solution. 

of Mtrous Nitrous add is most correctly determined by oxidation 

the lead, whereby nitrate and hydrate of lead are produced^ accor^ng to 

2PbO» + 2HNO* » PbN«0» + PbH'W 
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A known quantity of tho dried peroxide is added to a dilute solution (1 grm. sail in 
100 e. o. v/Hter) of the nitrite to be analysed, and the solution mixed with acetic afi,i 
diluted with 10 or 12 times its bulk of water is wumied for 12 "hours to 30"^ or 10-’ 
The weight of the washed and dried residue gives the quantity of peroxide dissolve]* 
w'henee the quantity of nitrous acid may be calculated, 1 at. peroxide corresponding to 
1 at. nitrons acid. (P^ligot. Lang, Jahresb. 18(32, p. .081.') ^ 

Nitrons acid may be determined voliimetrically by means of a standard solution of 
nitrate of nrea, each molecule of that salt, CH’N-O.HNO», (ha'OTnjnising 2 moleeules of 
nitrous aeid. according to the equation given on page 70. The solution of nitrate of 
nrea is liealed neai’ly to boiling, and the liquid containing the nitrous acid or the 
acidulated solution of a nitrite is added drop by drop, till the solution produces a bluo 
colour with starch-paste mix<*d with iodide of potassium. 

Nitriles may also be. analysed by several of the methods to be hereafter de8cnb(‘d 
for the aniilysis of nitrates, viz. by igniting the .salt with oxide of copper or chromate 
of lead in a tul.ie the ton* part of whieh is filled with metallic coi)pcr, or by the vohi- 
jnettif! method w’ith ferrous chloride, the decomposition taking place as represented hy 
the equation ; ^ 

2FeCl* + 2irNO» + 2nCl -= hVCl« + N-0" + 2H’0. 

Or the acid may be determined by lo.ss, either by simple ignition of the salt, or by 
decomposing it with sulphuric acid; sal-ammoniac, borax, or silica, &c. 

The amount of water in nitrites is best determined by combustion with chromate oi 
lead or oxide of copper, and absorption of tho water by chloride of calcium. 

Metallic Nitrites, 

Nitrite op Ammonium. (NTT*)N0* IPO, - -Obtained by double decomposition 
of nitrite of lead and suljdjate of ammonium, or of nitrite of silver with chloride of 
ammonium; also by passing nitrous vapours into a(iiu‘ 0 u« ammonia and evaporating 
over lime. It forms an imperfectly cry.stailised mass which is rc'solved by h(‘at into 
nitrogen and water. Its aqueous solution is similarly decomposed, suddenly if acid, 
slowly if alkaline. 

Nitrite of Lahium. Ba'N^OMPO.— Obtained by igniting nitrate of bariumat 
a luoderate heat, precipitating the free baryta from the solution of the rr.sidiie by ciir- 
bonic acid, mixing the filtrate witli alcohol to precipitate the renmiiiing nitrate, and 
evaporating to tho erystallising point (Fischer). (Jr by passing nitrous vapmirs into 
baryta-water, evaporating to dryness, dige.sting the residue in a small quantity of water, 
which w'ill di.ssolvo the nitrite of barium and Iravo the uiKUc(>mj)o.-ed nitrate, and 
evaporating. It is permanent in the air, easily .soluble in water and in alcolujl, ami 
crystallises accoi-ding to Fischer, either in needle-shaped hexagonal prisms, or in thick 
rhombic prisms of 

N 1 TRITE or Cadmium, Cd''N*OMI“0, is a sj:)aringly soluble laminar mass winch 
dccompo.se.s at lOO'-^ (Lang, J. pr. Chom. Ixxxvi. 2*Jr); Jahresb. 18(32, p. 09).— 
Accoruing to Jlumpe (Ann, Ch, Pharm. exxv. 331; Jalircsb. 18(33, p. ll>0), the solu- 
tion cviiporabsi in a vacuum le.aves a viscid, deliquescent mass which wlieu treated 
with water yields the b.asic salt 2(M‘'O.N'‘*0* or Cd"O.Cd"N‘0‘. 

Nitrite o r C a i. c i u m. (Ja''N‘''0*.IPO. — Prepared by deci^mposing .a boiling solu- 
tion of the silver-salt with lime-water, treiiting the filtrate with siilpliydric acid, and theft 
with carbonic acid to remove excess of silver and calcium, and ev.aporating at a gentle 
boat. It forms deliquoscont prismatic crystals insoluble in absolute alcohol. 

Nitrite of Cowalt. — Pback-brown or rod-brown crystals which di.ssolvo in 
water, and yield a brown precipitate with potash ; hence they contain cobaltic oxide 
(Lang). Tho solution is decomposed by evaporation, with separation of a bwic 
salt. (Hampo.) 

Nitrite of Cobalt and Potassium. (Co*)'*K*N‘®0**»CoW3K*0.6N®0‘»» 
^^NO)^ Cohalt-yellov ), — The yellow precipitate formed on adding nitrite of 

potassium to an acid solution of a cobalt-salt. It is of a very fine colour and is used 
as a pigment. Its formation serves also as a means of separating cobalt from nickel 
and many other metals. For the details of its preparation, and the several views^c^ 
its composition, see Cobalt-tellow (i. 1068). 

Nitrite of Copfbb. — Obtained as an apple- green solution by decompoil^if 
nitrite of lead with sulphate of copper. It oxidises in the air especially if heated 
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i converted into nitrate. According to Harape, the solution yields by evaporation 
’l,u, shiuiiip; iMiniine containing 2Cu"0.N’'0*. 

jSiTKiTES OF Lkat). a. Monoplumhic or Normal, Pb"N*0* = Pb"O.N^O*. — 
liy iKissing carbonic add gas through a hot solution of tho tetraplumbic salt, 
111 duvo-fourths of tho lead is precipitated as carbonat<i. The resulting yellow solu- 
ion <«v;ipor;itfd in l lio air or in a vacuum, deposits the normal salt in long yellow prisms 
I’.' li ‘'■at), or yellow lamimic (Ghovreul), containing 1 at. water acconluig to 
Niekltis (C'oinpt. rtaid. xxvii. 244), 2 at. according to Oomtss i^ihid. xxxiv. 187). If 
is tMsilv deeoinposiblu and very soluble in water. 

/I JhphunhU: or IHuiaho-hydrio NUrilc. 2ri/'0.N-0^.n"(> - - Pl/'llNO^ — Pormed in 
^aijill quantity according to Uromois (Ann. Ch. Pliarni. Ixxii. 50), when the ya^llow 
iiipliiiubic nitroso-nitrato {vid. inf.) is boiled for some time with metallic lead. It is 
then diposited in long golden-yellow needles. 

7. Triplumhk. .'JPl/'O.N'O^ — Plj*N-0“. — Deposited when the orangc-rod nitroso- 
uitrate is boiled for some hours with lead, in needle-shaped cryhl. ils, mostly imid'tl 
in concentric groups, having sometimes a fiery-red, soine;iiMt*s a green cohair, 1)UL 
always the same composition (Bromeis, loc, cii.). Peligot doubts tho existence of 
tills salt. 

Tdraplmrdnc. 4Pb"0.N2O’.ir^0 (Berzelius) ~ Pl/TIXO^ri/'O. — Obtained by 
lioiling a mixture of 1 pt. nitrate of lead and pt. or more lead witli 50 pts. water 
in a )ong-nc<*ked llask for about 12 hours. It crystallises according to Chevreiil in 
srcllate groups of pale flesli-red silky needle.s; tho solution, if quickly cooled, deposits 
it in tJie fonii of a white powder. It gives otf its water at 100° (Feligot), togetiuT 
with a small portii»n of acid (Chevroul); at a red heat it gives olf the whole of its 
acid without Insion (Berzelius), lias a strong alkaline reaction, and dissolves, 
avconiing to IVdigot, in tM*5 pts. boiling and 1250 pts. cold wat er. 

yitroso-it Uraicf^ of ./yCrtf/.- By heating nitrate of lead vvitli metallic lead in 
c< i'tiiiii proportions, salts are obtained which are sometimes regarded a.s ('oiupounJs of 
lr;!'l Mxide with nitric peroxide; but they arc moro probably double sails composed of 
iiil rafrs a.u(l nitnites of load. 

<(, liPb' O.N“()bH--'() or I*b''TTNO’.PI/TrNO^. — A solution of normal nitrate of lead 
in J5 to 20 [its. water healed to 60^^ — 70^ for several hours with (13 pts. very fine ly 
divided lead, deposits this salt on cooling in .straw-y(dJow shining needles and luminas 
h.iviag an alkalino reaction, soluldo in 85 pt.s. of cold and 10’6 pts. of boiling water 
( I{ ru mei.s). By p.'olonged boiling with metallic lead, it is converted into cliplumbic 
nitiMt(*. (Peligot, Brorneis.) 


Ij. 7Pb"0,2N0».3n"0 or l^b'^NW.I^b’N*0».PbH’<P.2IT^O. -- Obtained by boiling 
the pi't-cediiig salt with lead, or a dilute solution of neutral nitrate of h'ad with l^ at. 
Jiii\allie iron. Forms hard, orange-red crystals soluble iii 1250 pts. of cold and 
o l [its. of Lijiling water. AVhen boiled for some hours with lead, it is converted into 
triplumbic Jiitrite (7) (Peligot, Bromeis). Both these salts («, 5) are decomposed 
by bury til- water, yitdding nitrate and nitrite of barium. (Peligot.) 

c. Mroumis, in eudoiivouriug to prepare this salt, once obtained an orange-red but moro 
sbinliig sail , c.ouuLiiiing, accurdifig to his analysis, 3PbO.N’''CP-)- 4PbO.>’“0^ + oll'D. 

I'lic siuue cluuuist, by boiling a solution of nitrate of load for several d;iys with 
u large excess of metallic le.ad, obtained light brick-red rhombic crystals, to which ho 
Ms.sigiiod tile formula 4Pl)0,N*’0* + 3PbO.N O* + 311*0. For further details on tho 
nitrites and iiitroso-iiitrates of lead, see Gmeliu's JIandhook, v. 152. 

NiTniTj.; OK Magnesium, Mg"N*0*.3lP0 (Lang); with 2t[-0 (llampe). — 
Tiaminar deliquescent mass, insoluble in alcohol, easily decomposed by boat; obtained 
by boiling a .solution of tho silver-salt with nifignesia, removing tlio excess of silver by 
sulphydric acid, and evaporating, 

NiTitiTEoFMANGANRS B. — Dcliquoscent sali ne mass. 


Mekcukic Nitrite, IIg*N*0‘’.H'‘0, separates on evaporiiting a mixture of mer- 
curic chloride and nitrite of silver. (Lang.) 

Nitkite op Nickel, Ni''N*0\ forms reddish-yellow crysfei Is which are perma- 
nent in the air, and in the dry state may be heated to 100® without decomposition, 
but in water only to 80^ (Lang), According toHampe, the solution decomposes even 
N "o'n^^ 2 temperatures, giving off nitric oxide and leaving a green basic salt, 

Nitrite of Potassium. KNO*. — Produced, as already described (p. 70), by 
heating the nitrate to redness, or by passing nitrous vaponra into a solution of caustic 
potji.sh. When the mixture of nitrate and nitrite thus obtained is dissolved in waters 
ana the solution concentrated, nitrate of potassium crystallisea out first, and afterwiinis 
the nitrite, but very impure. To obtain a pure salt,. Fischer lUiXes the solution, after 
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the nitrate has crystallised out, with dilute acetic acid and twice its volume of alcohol ■ 
more nitrate then crystallises out, and the liquid separates into two layers, the uppor 
consisting of an alcoholic solution of acetate of potassium, the lower of a solution oi 
the nitrite. This solution evaporated over oil of vitriol yields the nitrite iiT indistinct 
crystals. Nitrite of potassium may also he obtained pure, by decomposing nitrite of 
silver with an equivalent quantity of chloride of potassium, or nitnte of lead witli 
carbonate of potassium. Or the following process may be adopted; 1 pt. of nitrate of 
potassium is fused in an iron crucible, and 2 pts. of lead are added, with constant 
stirring. The lead oxidises even at a dull red heat ; the temperature is then * raised to 
complete the oxidation; the cooled mass is exhausted with water; the solution is 
treated with sulphide of ammonium to remove a small quantity of lead, then evaporated • 
and the residue is heated to fusion, to decompose any hyposulphite of potassium that 
may have been formed (A. Stromeyor, Ann. Ch. Pharm. xcvi. 330). Nitrite of 
potassium is also formed by the action of ammonia in excess on permanganate of 
potassium. (Cloez and Guignet.) 

Pure nitrite of potassium is a white crystalline, deliquescent, saline mass, neutral to 
vegetable coloup.s, according to Pischer, alkaline according to H. j^se. When treated 
with any of the stronger acids, it gives off nitric oxide gas, the nitrous acid eliminated 
at the first instant being immediately resolved into that compound and nitric acid* 
3TTNO* = ITNO» + HO + 2NO. 

Double salts of Pot assium-nitrit e , — ^The barium-salt, K*Ba''N fomu 
long slender needles, permanent in the air, easily soluble in water, insoluble in alcohol. 
Similar double salts are formed with the nitrites of strontium, calcium, and magnesium, 
the first being permanent in the air, the other two deliquescent (Lang). — Cadmium- 
salts. — A mixture of cadmium-acetate with excess of potassium -nitrite deposits first 
the salt K'^OrNK)®, in oblique, one-sided, shining, yellow prisms ; afterwanls the 
salt K^Cd'N^O*^, in yellow, less lustrous tabular crystals (Lang). Hampe obtained 
this last salt by reerystallisation, in colourless cubes ; the mother-liquor contained an* 
other salt which crystallised in prisms, probably K-^Cd'^N^O". — The copper-salt, 

IpCu*N'®0*®.n*0, forms thin prisms, black by reflected, dark green by transmitted 
light, permanent in the air, easily soluble in water, less in alcohol. The solution 
decomposes easily, depositing dicupric nitrite (Hampo). — Lead-salts. — The salt 
K'-'P^'N^O^IPO crystallises in brown-yellow rhombic prisms. A solution of nitrite 
of lead mixed with a large excess of nitrite of potassium yields long slender prisms 
le8.s soluble than the preceding, and probably consisting of a compound of the two 
double salts K'-^Pb^N^O* and K^Pb"N®0** (Lang). — The mercury-salt, K*Hg"N*0*, 
forms straw-yellow prisms (Lang). — The nwkd-salt, K<Ni"N®0'®, forms brown octahe- 
dral crystals which dis.solvo with green colour in water, are insoluble in alcohol, but 
are decomposed by boiling therewith. A triple salt containing potassium, barium, and 
nickel, viz. K^Ba''Ni"N*0'*, is obtained by mixing acetate of nickel with potassio- 
barytlc nitrite, or acetate of barium with niccolo-potassic nitrite, in brown-yellow 
microscopic tablets, sparingly soluble in cold water (Lang, Hampe). — The palladium- 
salt separates from concentrated solutions os a white powder; from more dilute solu- 
tions in yellow crystals, very soluble in water. It is decomposed by heat, leaving 
a residue of palladium and nitrite of potassium (Fischer). — The silver-sali, 
2KAgN*0‘.H*0, forms yellow rhombic prisms or tablets, permanent in the air, soluble 
without decomposition in a small quantity of water, decomposed by a larger quantity 
(Lang, Hampe). — The zinc-salt, K^Zn"N^0®.H*0, crystallises in short, yellow, 
deliquescent, easily decomposible prisms. (Lang.) 

^ N ithitb of Silv.er. AgNO* — Obtained by double decomposition of au ulkaliDS 
nitrite and nitrate of silver. Separates from cold solutions as a white powder com- 
posed of capillary crystals ; from hot solutions in larger crystals. In small quantitiei 
It appears white, in larger quantities yellow. Dissolves in 300 pts. water at ordinary 
temperatures, easily in boiling water. 

Nitbith op Sodium. NaNO*. — Prepared like the potassium-salt. Nitrate of 
sodium is more easily decomposed by heat than nitrate of potassium, and yields a 
larger proportion of free alkali. In purifying the nitrite by Fischer’s method with acetic 
acid and alcohol {vid. sup. ), the alcoholic solution does not separate into two laveiiv 
and the aqueous alcohol holds in solution acetate and nitrate of potassium, as well M 
nitrite. It must therefore be evaporated to dryness and the residue exposed to the air* 
The deliquescent nitrite of sodium may then be decanted^ and will yield the ctystall^ 
salt by evaporation over oil of vitriol ‘ s 

The properties of nitrite of sodium are for the most part the same as those ^ 
potassium-salt; it is distinguished however by its greater solubility in alcohol. 

Nitritb OF STRONTiuif.. St^'N’OV— P repared like the barium-salt, 
solution requires to be more strongly concentrated to separate the remaining nitirnb ; 
Crystallises in slender needles which slowly deliquesce in damp air. 
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NiTBiTK OF Zinc. — ^W hito laminar mass, consisting of Zn"JSr*0*.3H’0 (Lang), 

: Zn"O.Zn"K*0« (Hampe). 

Alcoholic Nitrites. Nitrous Ethers, 

Nitbitb of Amyl. C'^H^NO* « — ^Prepared by passing nitrous ya- 

}urs into amylic alcohol contained in a heated retort, rectifying the distillate, and 
illecting apart the portion which goes oyer at 96°. It is a light-yellowish liquid 
'coming darker while hot, smelling like ethylic nitrite, having a specific gravity of 
877 ; boiling at 96° (Balard), at 91°(Rieckher). Its vapour has a reddish-yellow 
?lour, and produces head-ache when inhaled. 

It is quickly decomposed by alcoholic potash, yielding nitrite of potassium .and probably 
^liyl-amylic ether ; aqueous potash acts but slowly on it. When dropt upon melting 
Dtash, it takes fire at the first instant, and forms valerate of potassium. When heated 
itli water in which peroxide of lead is suspended, it yields, according to Riekher, 
fnylic alcohol, nitrate of lead and nitride of lead. (Balard, Ann. Ch. Phys. [3] xii. 
18; Rieckhcr, Jahresb. 1847-8, p. 699.) 

Nitrite of Ethyl. Nitrous Ether ^ C-H*NO*; formerly called Nitric Ether ^ 
'alpetcr-dther^ Satju ter-naphtha, Ether niirique.. — This etlier was first observed by 
Lunik ol in 1681 ; but its composition was first exactly determined by Lumas and 
loullay (Ann. Ch. Phys. [2] xxxvii. 15). It is produced by the action of nitric or 
itroUB acid upon alcohol. The action of the former acid is very violent, part of the 
Icohol being oxidised and the nitric acid reduced to nitrous acid, which then forms 
itrous ether with the remaining alcohol. 

Preparation. — 1. A mixture of alcohol and nitric acid (equal parts of alcohol of 
5° Bin. and nifric acid of 32^, according toTh<fmard) is distilled in a retort connected 
rit.h ii series of Woulffc’s bottle half-filled with salt-water, heat being applied to set tho 
ction going, and the fire afterwards removed. Nitrous ether then collects on the surface 
f tins brine in the form of a light liquid which is to be rectified, and then set aside in 
oritact with quicklime. Berzelius recommends, as originally proposed by Black, to 
lace 8 pts. of fuming nitric acid, 4 pts. w'ater, and 9 pts. alcohol, one above tho other 
:i a glass cylinder, leave tbe whole to itself for tw’O or three days, so that the alcohol 
nd aci<l may mix slowly by diffusion, and purify the upper layer by distillation. 

2. As the dinjct action of nitric acid upon alcohol is necessarily attended with a 
onsich'rable loss of alcohol by oxidation, it is more advantageous to reduce the nitric 
i) nitrous acid by means of starch, sugar, &c. Liebig (Ann. Ch. Pharm. xxx. 142) 
!is.se.s the nitrous vapours evolved from nitric acid and starch tlirough cooled dilute 
li'ohol, and eoudenses the evolved vapours in a cooled receiver. Or equal volumes of 
Icoliol and nitric acid may bo distilled with starch or sugar (J. Grant, Pharm. J. 
rans. x. 244) ; or with copper turnings. (E. Kopp, J. Pharm. [3] xi. 320.) 

Nitrite of ethyl is a yellowish liquid having an odour of apples, miscible in all pro- 
lortJons with alcohol, but sparingly soluble in water (1 pt. in 48). It boils at 18°. 
t deeompo.ses by keeping, especially in presence of water, giving off nitric oxide, and 
ft(ui bursting the containing vessel. It is reduced by sulphydric acid or sulphide of 
mmonium in the manner represented by the equation : 

C^IPNO* + SIPS = C^H^O + NH» + H*0 + S*. 

N itrouft ether. Alcohol. 

A solution of ethylic nitrite in alcohol constitutes the nitric ether of the pharmaco- 
weias, also called Sweet Spirits of Nitre, Spiritus nitrico-athereus or Spiritus niiri 

liilcis. 

Por details on the preparation and properties of nitrous ether, see G-rmlirCs Handbook, 
iii. 468. 

Nitrite of Methyl, CH*N0®. — Produced by treating wood-spirit with nitric 
cid and copper turnings or arsenious acid. The less volatile products are condensed 
ri a receiver cooled to 0°, and the gaseous methylic nitrite, after pui’ifi cation by passing 
hrough potash-ley, solution of ferrous sulphate, and di’y chloride of calcium, is con- 
lenscd in a tube cooled to between —30 and —40°, As thus obtained it is a liquid 
f specific gravity 0*991, which boils at — 12°, giving oflf a gas w'hich smells like ethylic 
atnte and burns with a green-edged flame. It is also found among the gaseous 
evolved on treating brucine with nitric acid. (Strecker, Compt, rend. 

Nitric Pbroxiob or Tbtboxidb of Nitboobit. NO* or N*0*. 

^^onymes : Pernitria oxide. Peroxide of Nitrogen. Nitroso~nitrie anhydride. Hypo- 
^nne acid. In combination : Nitryl . — Thie is the principal coaetitnent of the orange 



76 NITROGEN: OXIDES AND OXYGEN- ACIDS* 


fumes produced on mixing nitric oxide with oxygen or air. When nitric oxide is 
.with excess of oxygen, 2 vol. of the former combine with 1 vol. of the latter to form 
2 vols. of nitric peroxide. . i j i 

Prq)aration.~-l. When a mixture of 2 vols. nitric oxide end 1 vol. oxygen, tncorpo. 
rated by passing tliroiigh a tube filled with broken iioreelain iind thoroughly dried by 
traiiHinission over pumice soaked in oil of vitriol, and t hen over ri'cently fused slyok. 
potash, is subjected to the action of a freezing mixture of salt and ice, pernitrie. oxid,, 
coiilIciiscs in tTansparent crystals, or if the slightest trace of moisture is {present, into an 
almost colourless liquid. 2. Thoroughly dined nitrate of lead healed in a I’etort, gives 
oil' a mixture of pernitrie oxide and oxygon gases, the former of wliicli may be con- 
densed as above, while the latter passes on : 

= Pb^'O + 0 + N=0^ 


The first portions of nitric peroxide thus obtained do not solidify, doubtless owing to 
the presence of a trace of moisture, but if the receiver be cliaiiged in tlie midst of the 
operation, an<l if every care has been taken to avoid moisture, the later portions may 
be olftained in the crystalline form. 

Properlits . — Nitric peroxide at very low temperatures forms tnnisparent.Volourles.'i, 
prismatic crystals wliieh molt at — 9^^; but when once melted do not resolidify till 
cooled down to 30®. Above ~9® it forms a mobile liquid of .specjllc gravity 
tlio appearance of which varies greatly according to the ternfxTaturc. Wlien still 
liquid below —9®, it is almost colourless; at —9® it has a pcrccptibh* greipnisJi-yellow 
tint; at 0® the colour is somewhat more marked ; at 10® it is decidedly yellow ; and. at 
15® and upwards, orange-yellow, the depth of colour increasing progressively w'itli tlie 
temperature up to 22®, the boiling point of the liquid. The vapour has a browii-red 
colour, the depth of which also increases wath the temperatnn-, until at 40® it is to 
dark as to be almost opiiqno. This remarkable change of colour is a(?eompanied by a 
great diminution of density as the temperature risc.s, both pln'iionuMia pointing to 
molecular cliange produced in the vapour by heat. Play fa i r and W an kly ii (tlheiri. 
fSoc. J. XV. 150) have determined the density of the vapciir by Dumas’ metliod, using 
uitfogen us a diluent, and find that the densities at dillm-nt leinperaturos are us follows: 


Teinpernture. 

97-5® 

24-5 

11-3 

4*2 


Vapoiir-fb niity. 
. 1783 

. 2-520 

. 2-045 

. 2o88 


Now the density required by the formula NO* for a two-volume condensation is 
^ ^ ^ X 0 0093 = 1-5893; that required by NH)^ for tlu? same condensation is 

the double of this, viz. 3’178G; and the vapour-densities found by expe^riment are all 
intermediate betweeu these two numbers, that found at 97-5® nut ditha-ing very much 
from the lower eiilculatc'd niiinhcr, whiletho.se found at tin* lower tempm-atures approach 
more nearly to that required by the formula NW Hence it is probalde tliat nitric per- 
oxifle exists in tw'o modilications, NO* and N*0^ which {kiss readily one into tlie other 
witli change of temperature; that at temperatures near 100®, gas consist.s cliiefly of 
NO'-, at ordinary teinperalurcs of N'-O', and at interincdiute tempera lures of mixtures 
of the two in various proportions. laquid pernitrie oxide gives off’ at ordinary tem- 
peratures an abundance of reddish vapours wliieli when mixed with air are extivmely 
difficult to contienso. Tliese vapours liave a pungent, suffocating odour and acid taste, 
are quite irrespirahle, and stain the skin of a l)right yellow. Concerning the dark bands 
in the spectrum of lamp-light passing through the vapour of nitric peroxide, see 
Light (iii. 621). 

Ihcompositions. — Nitric peroxide is decomposed by waifrr, with production of nitric 
and nitrous acids, whence it may be regarded as nitroso-ni trio anhydride: 

+ H^O = HHO'^ + UNO*. 


This simple reaction however takes place only at very low temperatures; when I 
email quantity of ice-cold water is added to pernitrie oxide cooled by ice and salb two 
layers of liquid are formed, the upper and least coloured of which consists chiefly of 
aqueous nitric oxide, the lower and darker of nitrous acid or anhydride, which may bO 
distilled off at a low temperature, as already desgribed (p. 74). Pernitrie oxide wtO 
in a similar manner upon caustic alkalis when not too dilute, forming a nitrate and 
nitrite of the alkali-metal. But when nitric peroxide is added to excess of water # 
ordinary temperatures it is decomposed into nitric acid and the products of decom^ 
fiition of nitrous acid, namely, nitric acid, water, and nitric oxide gas. As the quantJ|^ 
of nitric peroxide added to the water increases, the evolution of nitric oxide becott^ 
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and less obvious, until, when a considerable quantity of nitric acid has been formed, 
i,\iisai. pears altogether. During this saturation of the water with nitric acid, it 
become, s suecc'f'sively blue, green, and orango-cglonred, thene colours depending upou tJio 
solutiiui of unaltt^red nitric peroxide in the aqueous nitric acid, which, according to its 
30 iieeutratioi],*is capable of dissolving an inorcJiaing quantify, and of decom[)osing a de- 
'reasing quantity of that compound. Iho similarly coloured liquids produced l‘y 
i treating aqueous nitric acid witii nitric oxide gas are thought to owe their colour to the 
presence ot peruitric tormed by deoxidation of a portion of tho nitric acid : 

NO + 2IIN0» «= H -0 + 3N02. 

Nitric peroxide is not defioinpo.sed at a dull red heat. Mixed nitric peroxide and 
oxyfji'n gnsts passed over spongy platinuni, react upon each other, wdlh production of 
water and ammonia, tho plutinuin at the sitine time becoming red-hot. Nitric per- 
oxide is also absorbed by aqiieous sidphijdric acid, wll.li formation of ammonia and 
cb-position of sulphur. Ordinary combustibles are extinguislied by nitn'c peroxide 
v;ij>our ; but. charcoal and phosphorus, w'hen strongly ignited, burn in it wit h consider- 
oble brilliancy, lil>erating the nitrogen. It. is also decomposed, with liberation of nitro- 
iren. l>y iron and other metals at a red heat. Potassium introdiieeil into the vapour at 
ordinary temperatures inflames spontaneously and burns with a rfd flarnc. 

Cowhinaiiovs.— ^iinc. pi'roxide usually reacts wnth hasylous metallic, oxide, s, as before 
oliserved, to 'form nitrate.s and nitrite, s; but it has been supposed also to unite directly 
with .soiiM' oxide.s to form definite salts: lienee it bits been called hyponitric acid. 
Tints the iiitro.so-nitrat('s oflcad already described (p. 73) are rt'garded by l!remci,s as 
omuls of len(l-(.)\i(le witli nitric peroxide; and cobalt-yellow (i. 1058) is by some 
rlicmisis supposed to linvi' the composition f 'o"K-(X2N*0‘. 

Nitric peroxide, or iii I ryl. nrin as a monatomic clilorous radicle analogous to chlorine 
and bromine, and capiable of displacing one or more atoms of hydrogen in various com- 
jM.mids, eh icily organic, atom for atom ; naphth.'deiie, fur exiirnple, yioklsthc three riitro- 
(!« ri\';itiv(S, ^ '^^“(NO)-, C“'1I-’(N0')^ Some of thoso compounds are 

fbiimd by the direct, action of nitric peroxide on organic bodies, e.q. mononitronaph- 
i!i:d. ije,C"IlqNO-) ; but tiny are generally speaking most easily formed by the ac-lion 
ef si rung nilrie acid (wliich may itself be supposed to contain the radicle nitryl) on the 
j-riujary (fumpoinubs : thms, 

C"ie + = C'«HVNO’) + JCO. 

Nitric peroxide also unites with amylene, forming nitrplide of amglmc, C^II'^INO^) 
anii logons to the bromide, and possibly also with the other olefines 

((juthrie, see i. 2i 0 .) 

A ch lor i do of nit ryl, NO'Cl, is produced by the action of oxychloride of phospho- 
nis on nitrate of lead ; tluis^ ^ ^ 

SPbN'^O* + 2rCPO PbT^O" + 6NO*Cl; 
also by the action of clilorhydro-sulphuric acid upon nitrate of potassinm : 

KNO» + HCISO* KIISO« + NO*Cl. 

It IS a thin pale oil smelling .somewhat of nitro-muriatic acid. It is decomposed by 
MattT into hydrochloric and nitric acids : 

NO'^Cl + H^O « HCl + 1IN0». 

Nitric Anuydride, Acid, and Salts. 

Nitric ADhydride, or Pentoxide of Nitrogren. Anhydrous Nitric acid, 
titrate of N- 0 * s= 1 0.— This compound, discovered by H. Deville in 1 8-19, 

decomposing nitrate of silver with chlorine-gas, both being perfectly 

2AgNO* + CP - 2AgCI + N*0» -f 0. 

Iht nitrate of silver is placed in a TJ-tube capable of containing about 500 grins, of 
- ait. iUiH tube 18 connected with another U-tubf of considerable size, and having 
• ■' bottom a small spherical reservoir, which serves to receive a very volatile liquid 

nitj-.f^'^ Jtdiydrido), produced in tho course of the operation. The tube containing the 
nil IS immersed in water covered with a thin layer of oil and heated by 

'I'll- hi ^ which communicates with a reservoir kept at a constant level. 

evolved from a glass gasometer, and its displacement is regulated by a 
calcium sulphuric acid; it is dried bypassing over chloride of 

larirl TT ? 1 ■ pumice-stone moistened with sulphuric acid. The bend of the 

^ u -tube IS immersed in a freezing mixture. The nitrate of silver is first heated 
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to 180'^ and deprived of moisture by passing a current of carbonic anhydride througlj 
the apparatus. After this, the transmission of the chlorine is commenced. 4^1 
ordinary temperatures it appears to exert no action ; but when the nitrate of silver h 
heated to 95° and the temperature then lowered to 58° — 68°, the decomposition of the 
nitrate takes place, chloride of silver being formed and nitric oxygen evolved. At firsi 
a portion of nitric peroxide is developed, but as soon as the temperature has reached its 
lowest point, crystals of nitisc anhydride are formed and soon obstruct the U-tube. 
Tlie gases evolved during the process ai-e coloured ; and in the spherical reservoir at 
the bottom of the tube, tlicre collects a small quantity of liquid which must be removed 
from the apparatus before transferring the nitric anhydride to another vessel. To effect 
this transference, the current of chlorine must be replaced by a current of carbonic anhy. 
dride, the condensing tube must no longer be cooled ; and the bulb destined to receive 
tlie ciystals must be immersed in a freezing mixture and connected with the U-tub( 
by means of a caoutchouc tube lined with asbestos. The chlorine should pass very 
slowly, not more tlian 3 or 4 litres (about 60 cubic inches) in 24 hours. An apparatus 
iirranged as above doscribud will go on day and night without superintendence: it 
is merely necessary to renew the supply of sulphuric acid which displaces the chlorine, 
the alcohol which feeds the lamp, and the freezing mixture. 

Nitric anliydiide forms transparent colourless crystals of great brilliancy, having th* 
form of prisms with six faces and apparently derived from a right rhombic prism, 
When slowly deposited in a current of the gas strongly cooled, they attain a consider- 
able size. They melt a little above 30°, and boil at about 45°. At 10? the tension ol 
the vapour is very considerable. At temperatures near the boiling point, decomposi- 
tion appears to begin : hence the tension of the vapour cannot be determined oy Dumas’ 
process. (Deville, Ann. Ch. Phys. [3] xxviii 241.) 

mtrlo acid. HNO’ = |o or H-0.N®0'. — A:^otic add. Spirit of nitre. 

Spiriting nitri acidus. Salpekrycist In the dilute state: Aqua fords. Eau forte. 
Schcidmasscr . — This acid lias been known from early times. It is mentioned in the 
writings of Geber in the eighth century ; Itayniond laillius, in the thirteenth cen- 
tuiy, gavo directions for preparing it by distilling saltpetre with sulphate of iron: 
and Glauber soon afterwards obtained it by distilling saltpetre with oil of vitriol, the 
process by which it is prepared at the presemt day. 

Formation.. — 1. When nitrogen-gas mixed with 10 or 12 times its hulk of hydrogen 
is burnt in oxygen, the resulting water is found to contain, in addition to nitrite ol 
ammonium, a small quantity of free nitric acid. Again, when a succession of electric 
sparks is passed through a moist mixture of 2 vol. nitrogen, and 5 vol. oxygen, traces 
of nitric ju‘id sire slowly formed. It was by a modillcation of the experiment thal 
Cavendish first ascertained the composition of nitric acid. Davy noticed that traces 
of nitric acid are produced at tho positive pole, when water containing atmospheric 
air is submitted to electrolysis. 

2. By the decomposition of nitrous acid, and of all the oxides of nitrogen. Thus, 
traces of nitric acid are formed from moist nitrous and nitric oxido gases, by transmis- 
sion through red-hot tubes, or by electrolisation ; wliile quantities of it are produced 
by the action of wutfer uf)on nitrous, nitroso-nitric, and nitric anhydrides. Nitric acid 
also occurs among the products resulting from the transmission through rod-hot tube* 
of an exc(!ss of oxygen mixed witli ammoniacal or moist cyanogen gas. 

Preparation. — 1, From Nitrate of qwtassiwn. 1000 parts of purified saltpetre aw 
distilled in a glass retort with 96 parts of common oil of vitriol, till the residue in the 
retort becomes tranquil, and no more drops distil over. Tho ingredients should be bul 
little more than sufficient to half fill the retort, or there will be danger of the mixtuw 
boiling over. When a tubulated retort is employed, the oil of vitriol is introduced 
through the tubulus ; but with a plain retort, the acid is poured down the neck bj 
means of a bent tube-funiiol, care being taken not to soil tho neck with the oil el 
vitriol. The nock of tho retort must reach almost to the middle of tho receiver, 
which is cooled with water, and attached to the retort without any cement. 

For every molecule of saltpetre (KNO* =» 101 pts.) 1 molecule of oil of vitriol 
(IT^SO* 98 pts.) is required, in which case 1 molecule of nitric acid passes ovWi 
and 1 molecule of acid sulphate of potassium remains in the retort: 

KNO» + H*SO< « KHSO« HNO». 

It was formerly the practice to use only half the quantity of sulphuric acid indic^i^ 
by the above proportion ; and in fact when 1 at. sulphuric acid is heated with 2 1| 
saltpetre, the whole of the nitric acid is ultimately ^ven off; for the decomposipf 
begins in the manner above indicated, the oil of vitriol acting upon half the quan& 
of saltpetre present, so that 1 at. nitric acid is disengaged, and a mixture of nitrate iP 
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; acid sulphate of potassium remains behind. This first stage of the reaction takes 
place at a moderate heat; but afterwards, as the contents of the retort attain a higher 
temperature, the acid sulphate and nitrate act upon one another, according to the fol- 
lowing equation, yielding nitric acid and neutral sulphate of potassium ; 

« KHSO* + KNO* « HNO® + K^'SO*. 

these proportions are not advimtagoous, at least when a colourless adid is required; 
tor at the high degree of heat attained in the latter stage of the process, a great portion 
of the nitric acid is resolved into oxygen and nitric peroxide, which being absorbed by 
Itho acid first distilled over, converts it into red fuming nitric acid. ^ 

2. From commercial Nitrate of sodium or Chile saltpetre.— -This salt^ on account of 
its lower price, is now generally used for the ju-eparation of nitric acid on the large 
ecalo. The distillation is conducted as above, excepting that 1 molecule (98 pts.) of 
oil of vitriol is sufficient for the decomposition of 2 molecules (170 pts.) of the nitre 
(or .58 to 100), because the reaction takes place at a lower temperature than with nitrate 
of potassium, so that the heat never rises high enough to decompose much of the nitric 
acid, and the acid collected in the receivers has only a pale yellow colour. If 2 at. 
sulphuric acid are used to 2 at. nitrate of sodium, tlio acid must be diluted with one- 
fourtli its weight of water to prevent the mass from boiling over. The best proportions 
are 100 pts. nitrate of sodium, 1167 pts. of oil of vitriol and 30 pts. of water ; for the 
acid sulphate of sodium retains not only 1 at. water, like the potassium -salt, but 3 at. 
which it tends to separate from the nitric acid, so that unless water is added, the mass 
hi'oomes solid, and the acid is partly resolved into nitric peroxide and oxveen mis 
(Wit t s t e i n, Report. Pliarm. Ixiv. 289. ) .66- 

J1(jL1i potash- and soda-nitre generally contain chloride of potassium or sodium, which 
nt the commencement of the process gives rise to the evolution of a yellowish-red mixture 
of pernitric oxide vapour and chlorine gtis. As how'ever the whole of the chlorine passes 
over iit tlie beginning of the distillation, an acid is at huigtli obtained perfectly free 
from eliloriue ; this pure acid amounts to one-half or two-thirds of the whole. It is 
well to change the receiver as soon as tho acid drops, which fall from the neck’ of the 
ri tort, produce but a slight turbidity in a solution of nitrate of silver, and again, when 
they ccjise to cause any turbidity whatever. If the saltpetre be purified by repeated 
ciystalhsation from every trace of chloride, it yields a perfectly pure acid from the 
coinmencement. 

Tlio ordinary acid may be purified by distillation with a small quantity of saltpetre 
-the receiver being cliaiiged in tho course of the process. Acid containing chlorine 
I passes over first, and afi i‘rward.s pure nitric acid. 

; In order to obtain an acid as concentrated and as free as possible from chlorine and 
; nitric peroxide, Mi lion distils it till a third part has passed over, and then distils the 
^ equal measure of oil of vitriol, tlie receiver being changt^d. Tho latter 
oisiillate he purifies, by a second distillation, from the sulphuric acid which comes over; 
licjits the distillate to the boiling point in the bottle in which ho intends to preserve it; 
iind pa.^(‘s a con tiiiuou.s current of carbonic anhydride thi*ough it, till the acid becomes 
cold. Should the specific gravity of the acid exceed 1-6, the heating and current of 
earljomc anhydride must be repeated once or twice, to remove the whole of tho nitric per- 
oxide. In tins manner, a transparent and colourless acid may be obtained of specific 
graviry l-.Vil. '' ^ 

V prepared from Chile saltpetre often contains iodine. Such acid, when 

f isTiiied with .sulphuric acid, yields a sublimate of iodine after all the nitric acid haa 
passed over. The iodine (which is in the form of iodic acid) may also be detected by 
et lu ing it with sulphydric acid or hyposulphite of sodium and then testing with starch. 

• ^^'’^olatile impurities, chiefly potassium or sodium salts, are occasionally present 
n uie acid, having been carried over by too rapid distillation. 

OP large scale, the potash or soda nitre is distilled in horizontal cast-iron cylinders, 
iiit ^ 1 * acid is condensed in a series of stone- ware Woullfe’s bottles, 

. ^ w'hich a certain quantity of water is poured, to effect complete conden- 

^/>rmerly, calcined green vitriol or moistened clay was substituted for sulphuric 
whioi** process ; the greater part of the acid then distilled over as pernitric oxide, 
cn, when condensed by the water, yielded aquafortis {Scheidewasser). 
seripo French manufactories, th^ generating vessel is connected with a double 
the M condensers by means of a T-shaped tube fitted with a three-way cock, so that 

shut made to pass into either set of condensers at pleasure, and 

the Till u ^ colourless acid which distils over towards 

given proeeM may at once he separated from the coloured acid which is 

recent ' beginning and the end. For fhll details respecting this and other 

anJ in the methods of distillation and condensation, see Richardson 

Technology, vol. i. pt. 4, pp. 337-350. 

" ‘OUowmg methods of preparation described by Kuhlmann (R^p. Chim. npp. 
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1862, p. 337 ; Wagner's Jahrosbericht, 1862, p. 239) may perhaps be advantageous 
adopted under particular circumstances. 

a. By heating chloride of manganese with nitrate of sodium, whereby a large quanti 
of nitrous fumes is given off, and an oxide of manganese is formed which may ser 
for the evolution of chlorine : 

6MnCB + lONaNO* « 2Mn0.3Mn0« + lONaCl + lONO* + 0*. 

The mixture of nitric peroxide and oxygen coming in contact with the water of t 
condenser is converted into nitric acid, the excess of nitric peroxide being resolved 
the same time into nitric acid and nitric oxide. 

b. By the action of certain sulphates on the nitrates of potassium and sodium. Si 
phate of manganese acts in a similar manner to the chloride ; the sulphates of zir 
magnesium and calcium also decompose alkaline nitrates when heated with them. 

c. By the action of certain metallic oxides, alumina, and silica on nitrates. Wdhb 
has shown that when a mixture of peroxide of manganese and nitrate of sodium is mod 
rately heated in a close vessel, caustic sodji is formed, but no salt of manganic acid, ai 
large quantities of nitrous vapours are given off, which may be condensed in water , 
above. 

d. Kulilmann (Compt. rend. xhn. 464, 675) recommends the preparation of wet 
nitric acid, without distillation, by decomposing a strong solution of nitrate of bariu 
(ol)f Mined by deconij)Osing nitrate of sodium with chlorido of barium) with an eqiiiv 
lent quantity of sulphuric acid. The aqueous nitric aeid decanted from the precipitat* 
sulphate of barium has a strength of 10-^ or ll‘^B:vum6 (specific gravity 1’075 ■d’08.!; 
and may be concentrated by boilinp; to 25° Baum (specific giiivity 1‘210). 

Freparatiou of Fammg Nitric AtV/. -'rhis red fuming liquid, which consists 
strong nitric acid holding in .solulitm a considerable quantity of pernitric oxide, and 
a much more j)()W<'rrul oxidising agent than the strong colourless acid, is usually prepart 
by distilling 2 at. sallpetrc with I at. of .sulphuric acid, so us to obtain a residue of neiiir 
sulphate of potassiuin (p. 70), a <'onsiderablo portion of the evolved nitric acid ludi 
then diM.'ompMstul by the high degr( e of lieat to wlihdi the maleriats are raid'd towan 
the end of the process. Tt imi}'. however, be more (sasily obtained, by u.sing tint on. 
nary proportions of the ingredients (I at. iiitrati; to 1 at. siilpburic acid), and addii 
a substance capable of reducing tlie nitric acid to the state of nitrous aeid or iiiti 
peroxide ; the r<'d aeid is then obtained from the very bi'ginning of the proccf 
Sulphur may bo used for this purpose, but a small portion of tlnfsuiphnric acid tbrria 
by its oxidation generally passes over with the nitric acid, and must afterwards 1 
removed by rectification, llie following is a better method : — 

100 pts. of saltpetre are triturated with 3^ pts. of starch, and the mixture is intr 
ducedinto a relort, and covered wdth 100 jds. of sulphuric acid of specific gravity 1’8 
The beak of tlie retort is inserted, without luting, into a glass lube 3 or 4 feet long, tl 
farther end of which passes into an ordinary tubulated receiver, which is kept vc, 
cool. The distillation begins without extemal application of heat, requiring only ve: 
gentle warming towards tlie end ; 100 pts. of saitjietre yield by this proces.s about I 
pts. of deep red fuming nitric acid. It is best to fill the retort only to about onu-thir 
(Brunner, Rep. Cliim. app. iii. 188.) 

Praperths . — Pure nitric acid is a colourless, tran.sparent, mobile liquid, of specii 
gravity 1-52. It melts at — oo'Miito a buttery mass. Jt boils at 86'^, with partial d 
eooiposilion, leaving a weaker acid behind. Its vapour-density is 2*258 at 68'5'' ; 2‘3i 
at 4()‘5^ (Playfair ami Wanklyn, Chem. 8oc. J. xv. 156); calc. (2 vol.) = 2*18 
It exerts a highly corrosive action on organic bodies, and even when somewliat dilute' 
stains the nitrogenous tissues of a bright orungi^ colour. In the pre.sence of moist ai 
nitric acid gives otf opaque wliite vapioui’s having a characteristic odour and sour tast 
It absorbs water from the air, but with le.s.s avidity than sulphuric acid. Its adraixtui 
with water is accompanied by a sensible development of heat, and formation of 
definite sesqui-hydrate, 211N0*.3H*0, which is a colourless strongly acid liquid havii 
a specific gravity of 1*42, containing GO percent, of nitric anhydride or 70 per ceil 
UNO’, and boiling according to Millon at 123^, under the ordinary atmospheric pre 
sure. Weaker and stronger acid.*! are alike reduced to this state of hydration t 
boiling, the weaker acids losing water and the stronger acids the elements of nitr 
anhydride. i\ccording to Roscoe, however (Chem. Soc. Q,u. J. xiii. 160), aqiiccfl 
nitric acid, which boils constantly under the ordinary pressure, contains 68 per ceu 
HNO’, which cannot bo represented by any simple atomic proportion ; moreover,^ 
with liydrochloric acid (i. 892) and other acids, the composition of nitric acid^^ 
constant boiling-point varies with the pressure under which the ebuUition takfo pw 
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eh/iwma the strenoth of Aqueous Nitric acid according to its Specific Gramty at 
TaMCsno j *15 oO a ar 60° F. (Ur o). 


Specific 

gravity. 

N20» in 
too pts, by 

weight. 

Specific 

gravity. 

N205 in 
100 pts. by 
weight. 

Specific 

gravity. 

N--’05 in 
100 pts. by 
weight. 

Specific 

gravity. 

N20» in 
100 ptH. by 
weight. 

1 

79-700 

1*4189 

59-775 

1-2947 

39 850 

1-1403 

19-925 

HIE *9 

78-903 

1-4147 

58-978 

1-2887 

30-053 

1-1346 

19-128 

Bdh til 

78-106 

1-4107 

58-181 

1-2826 

38*256 

1*1286 

18*331 

1-4940 

77*309 

1*406.5 

57-384 

1-2765 

37 459 

1-1227 

17-534 

1*4910 

76-812 

1*4023 

56-587 

1-2705 

36*662 

1-1168 

16*737 

1*4880 

76-718 

1-3978 

55-790 

1-2644 

35 865 

1-1109 

15*940 

1*4 8,10 

74*918 

1-3945 

54 993 

1-2583 

35 068 

1-1051 

15*143 

1*4820 

74 121 

1-3882 

51-196 

1-2523 

34-271 

1-0993 

14*346 

1*4790 

73 324 

1*3833 

53-399 

1-2462 

33*474 

1*0935 

13*549 

1*47«0 

72*627 

1-3783 

62-602 

1-2402 

32*677 

1-0878 

12*752 

1'1780 

71-730 

1-3732 

51-805 

1-2341 

31*880 

1*0821 

11*955 

14 700 

70-933 

1-3681 

51-068 

1-2277 

31*083 

1-0764 

11-158 

1*4<>70 

70-136 

1-3630 

50-211 

1-2212 

30*286 

1-0708 

10-361 

1*1(>40 

69*339 

1-3579 

49-414 

1*2148 

29*489 

1-0651 

9-664 

l*4()00 

68-642 

1*3529 

.48-617 

1-2084 ' 

28-692 

1-0595 

8*767 

1*4670 

C7-740 

1-3477 

47-8*20 

1-2019 

27-895 

1-0540 

7*070 

1 -bViO 

66-948 

1-3427 

47*023 

1-1958 

27-098 

1-0485 

7*173 

l-4r)0() 

6G-150 

1-3376 

46*226 

M89o 

26-.301 

1-0430 

6-376 

1*4460 

65-354 

1-3323 

45*429 

1-1833 

25-504 

1-0375 

6-679 

V442( 

61-557 

1-3270 

44-632 

1-1770 

21-707 

1-0320 

4*782 

1*4885 

63*700 

1-3216 

43*835 

1-1709 

23-900 

1*0*267 

3-985 

1-4;146 

62*903 

1*3163 

43*038 

1-1648 

23-113 

1*0212 

3-188 

1*4306 

62-166 

1*3110 

42*241 

1-1587 

22-316 

1*0159 

2-391 

1*4269 

61*369 

1-3056 

41*444 

M6-26 

21-519 

1*0106 

1-594 

1-4228 

60*572 

1-3001 

40*647 

1*1466 

20-722 

1*0053 

0-797 


The numbers in this table wore obt^iined by mixing known weights of water and 
nitrie aoid of specific gravity l*o00, which was regarded by Ur© as the strongest acid 
cnrrospoiidiiig to tlie fonnula H-0.N“0*; but as the true specific gravity of this acid is 
T.V2, the jiunibers probably require some correction. 

-Nitric acid, especially when lieated, is a most powerful oxidising agent, 
and acts more or less violently on all the solid non-metallic elements, converting 
iodin<‘^.vdphur^ selcnmrUy idluriuni, phosphoruSy arseniCy horoiiy carhony and silicotiy into 
iodic, sulphuric, selenious, tcllurous, phosphoric, arsenic, boric, carbonic, and silicic 
acids respect ively ; also upon all metals excepting tantalum, titanium, gold, platinum, 
and some of its congeners. Most metals are converted by it into nitrates, but tin, an- 
^nnovy, and tungsten, when heated with the moderately strong acid, are oxidised into 
he insoluble stannic, antimonic, and tungstic anhydrides. The degree of reduction 
r'hIcU the nitric acid sustains in these reactions varies according to the substance acted 
ipon, and according to tlie strength and temperature of the acid. In most cases, nitric 
xide is set free, and forms red fumes of nitric peroxide on coming in contact with the 
dr : hence nitric acid may generally be recognised by the red fhnies which it evolves 
>n coming in contact with metals or other oxidahle bodies. The reaction with 
opper already described (p. 68), may be regarded as typical of the ordinary 
LCtion of nitric acid on metals. In some cases, however, other oxides of nitrogen are 
■volvfid. Finely divided charcoal, drenched with strong nitrie acid, at a tempera- 
uiH! below 0°, is not oxidised, but decomposes the nitric acid, with evolution of 
iJtric peroxide and free oxygen (Schdnbein). Silver and dissolved in 

litric acid without heat, liberating nitrous anhydride, or nitrous acid, which remaiuB 
u solution, so that the reaction takes place without evolution of gas. Nitrous an 
lydridtt is also produced when arsenious anhydride is dissolved in nitric acid. Ztnev 
i'w, and iron dissolve in the cold dilute acid, with production of nitrous oxide, N*0; 

if a sti-onger acid is used, or the temperature rises, nitric oxide is evolved. Free 
nitrogen also occurs among the products of the violent action of nitric acid on several 
t the metals. Thus, when cop^ is dissolved in moderately strong nitric acid, at an 
icreased temperature, the evolved nitric oxide gas is contaminated with nitrogen ; 
hercas, when it is dissoh-ed in weak acid, at a low temperature, the gas is contamir 
nted with nitrous oxide. Nitrogen la also set free when strong nitric acid is decom- 
VoL. IV. a 
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posed by rod-hot cliarroal. The action on zinc, tin, iron, and several other metals, ii 
attended with formation of ammonia ; thus : 

9IIN0» + 4Zn =. 4Zn'N*0‘‘ + SH'^O + H=«N. 

Nitric acid converts arscnites into arsenates, ferrous into ferric, and stannotis into 
stannic salts. In the concentrated state, it rapidly oxidises sulphurovs into sulphuric 
acid, and sulphj/dHc acid into water and pure sulphur; but with weak nitric add, free 
from nitrons acid, this action is very gradual ; indeed, pure nitric acid is altogether a 
less powerful oxidiser than that which contains nitrons acid or nitric peroxide in 
solution. 

HydriodAc acid and the iodides are decomposed by nitric acid, with liberation of 
iodine and nitric oxide : 

3HI + HNO* « 2H20 + P + NO. 

Hydrochloric and nitric acids, heated together, decompose one another, yielding 
dichioride of nitrosyl, water, and free chlorine : 

3HC1 + HNO* - NOCP + 2IPO + Cl. 


Nitric acid acts with great ener^ on most organic bodies, the kind of action varying 
according to the strength of the acid and the temperature. Dilute or moderately strong 
nitric acid generally exert.s an oxidising action, especially if the temperature is allowed 
to rise, the final products being in most cases oxalic, formic, and acetic acids, or if t he 
action be pushed to the utmost, carbonic anhydride and water: picric acid is also a 
frequent ultimate product ; resinous bodies arc frequently convertecl by nitric acid into 
■uccinic acid. Tho intermediate products are very numerous, varying according to tfie 
substance acted upon : indigo C*H^NO, yields i.satin C‘*IPNO''; sugar yields Siiccharic 
acid; gum and milk-sugar yield mucic acid: oleic acid yields a number of acids of the 
eerieeOH'^O*, andOH'‘‘*'*0*(8oe Gmelin^8Handl)ook,\'n. 122). The strongest pure nitric 
acid, especially if rise of temperature be prevented, acts for the most part in a different 
way, displacing one or two atoms of hydrogen in the compound, and intn>dueing an 
equal number of atoms of nitiyl, NO*, in their place : thus with benzene, C**!!®, it formjJ 
nitrobenzene, C‘‘IP(NO*); with phenoly C*H®0 ; nitrophenol, C®IP(N0')0, dinitro- 
phenol, C®H®(N0*)*0, .and trinitrophenol or picric acid, C®1P(N0*)*0; with cellvlose., 
it forms trinitro-cellulose, C*H’(N0*)®0, &c.. 

The industrial uses of nitric acid dep€»nd upon both these modes of action. It is the 
most frequent solvent of metals, and is used by engravers for etching designs on copper- 
plates; also for etching on steel and stone. The cleansing of copper and bronze, the 
refining and as.sayingof gold and silver, the preparation of tlie nitrates of copper, silver, 
and mercury, and numerous analytical operations connected with manufactures, deppui 
also upon the oxidising and solvent action of nitric acid. A mixture of nitric and 
hvdrochloric acids forms aqua regia or mtro-muriatic acidy used for dissolving gold, 
platinum, and other metals, and alloys not attacked by nitric acid alone. The prepa- 
ration of oxalic acid and of picric acid, now extensively used as a yellow dye for silk, 
likewise depends upon the oxidising action of nitric acid. This last substance is how- 
ever likewise formed, as above mentioned, by the action of very strong nitric acid on 
phenol or carbolic acid, which is an action of substitution. Tho preparation of nitro- 
benzene for the manufacture of aniline, and that of gun-cotton, are also industrial 
applications of nitric acid of daily increasing importance. 

jntnttea* The normal nitrates are monometallic, e,g. nitrate of pota.ssium KNO*, 
nitrate of copper Cu"N*0®, nitrate of bismuth Bi’"N*0®, the general formula being 
!R(b)N*0*‘‘ op B(n) 0*.»N*0*, the symbol B(b) denoting an n-atomic radicle. Th$f6 
are also basic nitrates, most of which are derivable from the normal nitrates by 
addition of 1 or 2 molecules of oxide, and may be represented by the general formula 


Basic nitrate of Mercurosum 
Basic nitrate of Mercnricum 

Basic nitrates of Lead 

Basic nitrate of Bismuth , 


(Hg*)*H*N*0» « (Hg*)»N*0®.(Hg»y'H*0? 
Hg»N*0* - lIg"N*0".2Hg''0 

iPW* 0» « Pb''N*0®.2Pb"0 

a Pb"N*0*.Pb"H=0* 


iorffiNO* 


. Bra*o»J'iw 


These basic nitrates might be called orlhonitrates, being related to the i 
nilmtes in the same mannhr as the orthophosphates, to the metapho^^, 

B(a)P*0*" ; they are, however, the exceptional salts, whereas amongst the 
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phosphoric acid, tho orthophosphates are the ordinary, and the motaphosphates the 

excoptioDiil salts. 

Occurmice and fomiatwn of Nitrates, — Several nitrates occur in nature. Nitrate of 
sodium, or cubic nitre, exists in distinct layers or beds beneath the superficial soil in 
many parts of Peru. Nitrate of potassium, prismatic nitre, or saltpetre, occurs as an 
efflorescence on the surface of the soil in various parts of India, especially in the 
district of 'rirrhdt in Bengal. Nitrate of calcium is produced artificially in several 
countrie.s of Flurope by mixing decomposing vegetable and animal matters with cinders, 
chalk, nmrl, &c., moistening the masses repeatedly with urine, exposing them freely 
to the air for two or three years, and lixiviating. A similar formation of nitrates 
occurs in the so-calleH saltpetre rot, or efflorescence which sometimes occurs upon the 
old walls of stables and other badly drained buildings. Nitrates arc formed w'herevor 
nitrogeniscd organic matters in contact with earthy carbonates or other bases are freely 
acted upon by the air. Lumps of chalk moistened with weak ammonia and exposed to 
the air have been found to yield nitrate of calcium ; but it is doubtful whotlicr the 
production of ammonia is a necessary stage in the process of nitritication. The 
sliallow well-waters of towns nearly always contain nitrates, from contamiiiatibn with 
sewer or cesspool drainage, &c. But many natural wattTs obtained from strata con- 
taining very little organic matter have also been found to contain nitrates. Hence 
it has been inferred that these salts might bo produced directly from tho free nitrogen 
and oxygen gases dissolved in the water, the porous beds through which it filter’s 
serving U) effect tlie combination by an action resembling that of spongy platinum. It 
must be borne in mind, however, that rain-water always contains carbonate and nitrate 
of ammonium, and that these ammoniacal salts may be the real sources of the nitrates 
found in the waters. Nitrates are found in the juices of plants, particularly in those 
with large fleshy tuberose roots, and aro probably acquired from tho soil by direct 
imbibition. 

Tho nitrates of potassium and sodium are obtained in a state of purity by frequently 
recrystallising the native? salts. Nitrate of potassium is also obtained by decomposing 
cmde nitrate of calcium with wood-ashes, and by decomposing nitrate of sodium with 
chloride of potassium. The other metallic nitrates are prepared by dissolving different 
metals, their hydrates, oxides, or carbonates in aqueous nitric acid, and crystallising by 
evaporation. 

Properties.-^Mofit nitrates are crystalline salts. The normal nitrates are all soluble 
in water; their solutions are for the most part neutral, and have a cooling saline taste. 
The crystallised nitrates of ammonium, pota.ssmm, sodium, barium, strontium, lead, and 
silver are anhydrous; that of mercurosum is monohydrated, (IIg*)"N®0‘.2H*0 ; those 
of cadmium, calcium, and probably strontium are tcti-ahydrated, e?.y. Ca"N*0*.4H’*0 ; 
and those of magnesium, zinc, cobalt, nickel, iron, manganese, copper, and uranyl, hex- 
hydrated, e.g, Cu"N'''0*.6H*0. Copper also forms a trihydrated salt, Cu''N'''0®.3H*0. 
Most nitrates fuse readily, and all decompose when strongly heated. Tho nitrates of 
the highly basylous metals at first give off nearly pure oxygon, and are converted into 
nitrites, afterwards a mixture of oxygen and nitrogen gases, together with some 
nitric peroxide. Other nitrates, which decompose at a lower temperature, those of 
mercury, load, and silver, for instance, evolve a mixture of nitric peixixido and oxygen, 
A few still more easily decomposible hydrated salts, the trinitrates of aluminium and 
bismuth, for instance, evolve unaltered nitric acid. Ignited nitrate of silver leaves a 
rosiduo of metallic silver ; but most normal nitrates whtn strongly heated, leave residues 
of oxide analogous in composition to the original salt; thus cupric nitrate, Cu^N’O®, 
oxide, Cu'^O ; tri-nitrate of bismuth, Bi'"N*0*, leaves trioxide of bismuth, 
Bi -()■ ; ferrous and manganous nitrates, however, leave oxides richer in oxygen than 
those which correspond to tho original salts, viz. Fe^O® and Mn*0*. Nitrates heated 
with combustible b^ies produce a more or less violent deflagration or explosion. The 
acid-forming bodies, metallic or non-metallic, when deflagrated with nitre, leave 
potiifisium- or sodium-salts of their respective acids; e.g, seleuium ignited with nitrate- 
ot potassium forms selonate of potassium, K*SeO*; manganese yields manganate of 
potassium, K^Mn'^O*. » b j a « 

fractions serving for the detection of Nitric acid, — 1. All nitrates are discomposed by 
v p uric acid, with liberation of nitric acid, the fumes of which produce a purple dis- 
wiioration on moistened with iodide of potassium.— 2. In contact with 

« Hliic copper (wire or turnings) the nitric acid is reduced to nitric oxide, which fornas 
range-coloured fumes in the vessel above the liquid. — 8. Sulphuric acid to which a 
4 ^ wjf solution of a nitrate is added, acquires the property of bleaching indigo.^ 

rriiTt ^^*1 arbitrate is mixed in a test-tube with strong sulphum aci^ the 

noii^^r ^ ^ strong solution of ferrous stdpkats or chloride continually 

on the surface, the iron solution quickly acquires a dmrk- 
▼n colour arising from the formation of the compound of nitric oxide with the 

0 2 
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ferrous salt already mentioned (p. 69). If only a rery small quantity of nitrate if 
present, a rose-coloured, purplish-brown, or dark brown ring is formed at the surface 
of contact of tho two liquids. This reaction is extremely delicate ; in applying it^ 
however, care must be taken to cool the liquid before pouring in the iron solti^ion^ 
because the dark brown compound is decomposed by heat, nitric oxide being eu6lved 
and the colour destroyed.-— 6. When a solution of a nitrate is mixed with a fewifrops 
oi ferrocyanide of potassivm^ then with a small quantity of hydrochloric acid, thewuid 
heated to 71°, and slightly supersaturated on cooling with an .alkaline carb^pilt; 
a nitroferricyanidft of alkali-metal (ii. 250) is formed, and thalJ^tered liquid, tHtjbiCn 
mixed with a few drops of sulphide of ammonium or other alkAliBimlphide, exhibits a 
transient purple or violet colour (E. W, Davy, Chem. Gaz. 1850f^|.|9l9). — 0. Nitrates 
heated with excess of hydrochloric acid give off chlorine, which by its 

odour and its blenching powers; also by the power which of 

dissolving gold leaf. v ^ . 

7. When nitrate of potassium or sodium is heated with zinCf and excess of 

poias\ ammonia is evolved, its formation arising from the union of nitrogen con- 
tained in the salt with the hydrogen evolved by the action of the zinc dn' tlie potash- 
solution. This method does not, however, eff'ct a complete decompositioit of nitric 
acid; and if applied to a liquid containing only small quantities of that^acfd^'^uld 
not give certain indications. But it may be greatly facilitated and rendered complete, 
by the introduction of another metal not acted upt»n by tho potash, so as to form a vol- 
taic circuit. Thus, when zinc and iron are placed together in n moderately strong 
solution of caustic potash, hydrogen is freely disengaged, even without the application 
of heat, the zinc ^ing oxidised and the hydrogen evolved at the surface of the 
iron. A similar effect i.s observed if platinum, copper, or tin bo substituted for the 
iron; but with these metals the action is less energetic. The addition of a nitrate 
to the liquid is followed by an immediate evolution of ammonia. To apply thi.s 
reaction to the detection of nitric acid, tho liquid to be examined is reduced 
to a small bulk and poured into a test-tube containing 2 or 3 grammes of a mixlui-e 
of granulated zinc and clean iron-filings. A small quantity (5 or 6 cub. cent.) of 
strong potash-solution i.s then added, and tho whole is heated to boiling. Ammonia 
may then bo detected at the mouth of the tub© by its usual character.s, viz. its odow, 
its alkaline reaction, and the formation of dense white fumes when a rod dipped in 
dilute hydrochloric acid is held near the mouth of the tube ; 5 milligrammes of nitre 
thus treated give a distinct reaction with reddened litmus. The delicacy of the test 
may be greatly increased by the use of potasmo^odide of mercury (the solution obtained 
by adding iodide of potassium to corrosive sublimate till the scarlet precipitate first 
formed just redissolves), which produce© a red or brown precipitate, according to the 
quantity of ammonia present. The mixture should be gently heated, and the evolved 
gases passed into a small quantity of dilute hydrochloric acid. The acid solution is 
then to be supersaturated with potash, and tested with a drop of potassio-iodide of 
mercury; 0*001, 00005, and even 0*0001 gramme of saltpetre thus treated gives • 
distinct red coloration (A. Vernon Ilarcourt, Chero. Soc. J. xv. 381). Schulss 
(Chem. CentraJblatt, No. 63) proceeds in a similar manner, but uses platinised ziitf ib 
place of the mixture of zinc and iron. * % 

This method, which may bo used also for the quantitative estimation of nitrlo arid 


(p. 89), serves to distinguish that acid from all others excepting nitrous acid. 


8. Strong nitric acid converts phenol (or carbolic acid) into reddish-brow*n nitro-idie- 
nol. To apply this reaction to the detection of nitric acid, 1 pt. of phenol is dissolved 
in 4 pts. of strong sulphuric acid, and the solution is diluted with 2 pts. of water. Tbs 


in 4 pts. of strong sulpburic acid, and the solution is diluted with 2 pts. of water. Xljta 
substance to be testea, if in solution, is evaporated on a porcelain crucible or its ooi;^^ 
and a drop or two of the phenyl-sulphuric acid is allowed to fall upon it at a tempw 
tare of aJ^ut 190°. If nitric acid is present, a reddish-brown colour is immediate 
produced. This test is said to be more delicate than that w'ith ferrous sulpba^i 
Living given a distinct indication of the presence of nitric acid in the residue of a di^ 


hiiving given a distinct indication of the presence of nitric acid in the residue of a di^ 
of water not containing more than 0*000006 gramme of saltpetre, whereas four $11^..; 
drops were not sufficient to give a perceptible indication with the iron test. If oig^lric 
matters, or compounds of chlorine, bromine, or iodine are likewise present, from 
sulphuric acid would separate carbon or the haloids, it is^best to add a di*0]^ or 
strong ammonia to tlie coloured product, when the haloids'^ will be dissolved in thaftiKl 
of colourless salts, and the carbon will remain suspended in small particles, not4i^K| 
fering with the recogiiitioD of the characteristic yellow colour of nitrophenythll|p||f| 
ammonium. (H. Spren gel, Chem. Soc. J. xvi. 396.) 

All the reactions above described are exhibited by nitrous as well as. 
even with greater facility, for the nitrites are more easily decomposibl® 
nitrates, and nitrous acid, though it contains less oxygen, is a more powerful 
fj^snt than nitric acid. The nitrites are however distinguished from 
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reactions already described (p. 71). According to D. Price (Chem. Soc. J. iv. 2r)l), 
nitric acid free from nitrous acid does not decompose iodide of potassium or produce a 
brown coloration with ferrous salts, or decolorise indigo, these effects being produced 
only after a portion of the nitric acid has been reduced to nitrous by warming with 
wilplmric acid. The reactions with indigo and hydrochloric acid (3 and 6) are likewise 
produced hy the oxygen-salts of chlorine, bromine and iodine, but these salts are ea.sily 
kstifcgnislied from nitrat<*3 and nitrites by the fact that they leave when ignited a 
resiSie of chi oride> bromide, or iodide of silver ; also by their reaction with nitrate of 
silver, and many 


Qttdfi0^^ve Analysis of Nitrates. Estimation of Nitric acid. 


I. rip 4 iMftmtoD s. 1. By neutralisation with Baryta. — The quantity of free 
nitric acid in ail ^Sdebus solution maybe determined by agitating the liquid with 
carbonate ofibari?j^till the acid is completely neutralised, then filtering, evaporating 
to dryness, takj^fg care not to heat the residue too strongly, and weighing the dry 
nitrate of brtfiurn thus obtained. 100 parts of this salt corre.spond to 41- 39 parts 
and 4^28 parts H 'N‘‘0*. 

Ori tlie solution of nitrate of barium may bo decomposed by sulphuric acid, the pre- 
cipitated sulphate of barium weighed, and the equivalent quantity of nitric acid 
thence determined. 100 parts Ba'^SO* =* 46*35 parts and 64*08 parts 

HN'0“. 

It* the solution of nitric acid is very dilute, so that it decomposes carbonate of 
biiniun hut slowly, it is better to neutralise with baryta-water, then pass carbonic 
anhy<h’ido through the liquid, to remove any excess of baryta, filter, and treat the 
filten'd solution of nitrate of barium as above. 

Wlien nitric acid is combined with a base, it may be liberated by distilling a 
solution of the salt with sulphuric acid, in the proportion of at least 1 at. sulphuric 
eeid (H*SO^) to 1 at. of the nitrate. The mixture, which should he rather dilute, is 
distilled from a tubulated retort into a receiver provided with efficient means of con- 
d<‘nsat,iou, the distillation being carried nearly to dryness. After the re.sidue has 
cooled, more water is added, and the distillation is repeated w'ith a fresh receiver. 
The quantity of nitric acid in the united distillates is then determined by neutralisation 
willi baryta, as before. With the proportion of sulphuric acid above indicated, and a 
oonsidcrablo quantity of wafer, there is no reason to fear the reduction of any portion 
of the nitric acid to a lower oxide of nitrogen. 

The residue in tlie retort serves for the esiiraation of tlie base. In the ca.se of the 


stronger bastes, viz. the alkali.s and alkalino earths, whoso sulphates can sustain a red 
heat without decomposition, this residue may be heated till all the excess of sul- 
phuric acid is driven off, the expulsion of the last portions being facilitated by placing 
a piece of carbonate of ammonia in the crucible, A neutral sulphate then remains, from 
which the quantity of base may be calculated, and this, deducted from the total weight 
of the auhytirous nitrate, gives also the quantity of nitric anhydride. The weaker 
bases whose sulphates are decomposed by ignition, must be determined by precipitation 
in the manner specially adapted to each. 

The following methods of separating nitric acid from bases may also be adopted in 
particular cases. 

Nitrates whose ba.ses are precipitated by baryta- water and are insoluble in excess of 
tliat reagent, may be analysed by boiling them, either in the solid state or in solution, 
with excess of baryta-water, then filtering, removing the excess of baryta by carbonic 
anhydride, and determining the quantity of nitrate of barium in the filtrate as 
above. 


Some nitrates, as those of lead, copper, bismuth, ^c., may be decomposed by 
sulphydric acid, the metal being precipitated as sulphide, care being taken to dilute 
the solution and not to use a large excess of sulphydric acid : otherwise sulphur may 
be precipitated, and part of the nitric acid converted into ammonia. The filtrate, 
containing the whole of the nitric and a small quantity of sulphydric acid,^ is mixed 
with baryta- water ; a stream of carbonic anhydride is then passed through^ it, to pre- 
cipitate the excess of baryta and expel the sulphydric acid ; the liquid again filtered ; 
anil the filtered solution of filtrate of barium treated as above. ^ 

In other cases, the bascMS may be . precipitated by an alkaline sulphide, best, with 
sulphide of barium. The liquid filtered from the precipitated metallic sulphide then 
contains nitrate of barium and excess of iulphido of barium, and may be treated In: 
mariner just described. 

From nitrate of barium, the base may be precipitated by sulphuxic acid; th^ 
nitrates of strontium and calcium, by sulphuric acid ^d alcohol The : ||^ate is 
neutralised with baryta- wat^r, and the nitric Scid determined as above. 
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From the nitrates of ammonium, potassium, sodium, lithium, and magnesium, 
the acid is most easily separated % distillation urith sulphuric acid, as already 
described. 

2. By the loss of weight sustained hy Nitrates on ignition. — All nitrates are decom- 
posed by heat, the nitrogen being urholly, the oxygen sometimes partly and sometimes 
wholy expelled, and the base remaining either as an oxide or as metal. Silver, pal- 
ladium, and other noble metals are left in the metallic state when their nitrates art 
heated to redness; lead, bismuth, copper, cadmium, zinc, nickel, magnesium and one oi 
two of the rarer metals, remain as protoxides, M"0. In the former case, if the salt ij 
anhydrous, the loss of weight siisl ained on ignition consists of N*0* in the latter of 

but in many cases, as with the proto-saits of iron, cobalt, and manganese, the result ii 
complicated by the formation of an oxide of higher degree of oxidation than that whicl 
may be supposed to exist in the original salt. The nitrates of the alkali-metals ant 
alkaline-earth-metals part with the whole of their nitric anhydride when very strong!; 
ignited, lea ving the bases M“0 or M"0 ; but these bases can scarcely be preventel 
from absorbing small quantities of carbonic acid from the air during the process, or a 
the)' cool ; moreover, tiiey attack all vessels in which the ignition can performed 
uniting partly with their substance ; lienee the amount of acid in these nitrates canno 
he conveniently determined by ignition. 

According to Schaffgotsch, the amount of acid in a nitrate may he easily detei 
mined by igniting a finely pulverised mixture of the salt with anhydrous borax in 
platinum crucible, taking care to raise the heat gradually. The loss of weight the: 
gives the amount of nitric anhydride. 

Reich (J. pr. Chem. Ixxxiii. 262) estimates the amount of nitric acid in alkalin 
nitrates hy igniting them, mixed with from 4 to 6 times their weight of pounde 
quartz; the loss of weight tlien also gives directly the quantity of anhydride, 

3. By conversion of nitrates into chlorides. — The nitrates of the alkali-metals an 
alkaline-earth-metals may be converted into neutral chlorides, of perfectly definil 
composition, by igniting them in a covered platinum crucible with excess of chloride ( 
ammonium, as long as fumes of sal-ammoniac continue to escape, the operation licin 
repeated till the w’oight of the residual chloride becomes constant. The quantity \ 
base is then determiued by calculation, and from this, the quantity of nitric acid in tl 
salt. 

The chlorides of most of the heavy metals suffer partial decomposition when ignitc( 
especially in contact with moisture. 

4. By the. action of Arsenious anhydride. — Nitric acid converts arsenious into arsen 
anhydride, according to the equation, 

As’O* + 2HNO> = As*0» + 2HNO» 

Hence for every molecule of arsenic anhydride produced, two molecules of nitric ae 
(UNO®) must be decomposed. To apply this reaction to the estimation of nitric acid, tl 
salt to be analysed (which must not contain lime or phosphoric acid) is mixed with thr 
times its weight of arsenious anhydride ; the whole dissolved in strong hydrochl<^ 
acid; the solution evaporated to dryness; ammonia added in excess; and the arsen 
precipitated by addition of sal-ammoniac and sulphate of magnesium, as ammonio-ma^ 

nesian arscaia ft', which, when dried at 100®, has the composition (NH*l®Mg®As*0“.H‘^ 
From the weight of this salt, the amount of nitric acid is calculated by the proportic 

(NH*)*M^A8*0®.H®0 ; 2HNO* « 380 : 126. 

Estimation of Water in Nitrates. — In the hydrated nitrates of the stronger bases, ti 
amount of water is easily determined by heating them to 100°, the water being th 
completely expelled without any loss of acid. But the nitrates of the weaker bafl 
cannot hear this temperature without decomposition, and in these the water must 
determined at the same time as the nitrogen, by igniting the nitrate in a comhustio 
tube, at the open end of 'which is placed a quantity of copper tumings, and attochii 
to the combustion-tube a drying tube containing chloride of calcium, in the same ma 
ner as for organic analyses. On heating the tube, the water and nitric anhydride a 
driven off ; the water collects in the chloride of calcium tube, the increase of weig 
of which determines its quantity ; and the nitric anhydride is reduced by the red-l 
copper to pure nitrogen, 'which passes on and may be collected over mercury 
measured. ^ o 

Sy^ration of Nitrates from Chlorides . — All chlorides containing metals which f<^ 
insoluble phosphates, may be separated from nitrates by heating the solution contaii^ 
them^with phosphate of silver. A trace of that salt, which remains in solution, 
be easily determined, and in some cases separated by means of alcohol. Iasc^ 
has emi^yed this method for separating the chlorider of magnesium and caleittn| l| 
the corresponding nitrates in well-watem. 
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In some cases, carbonate of silver is a more convenient precipitant than the phos- 
phate, especially for separating the chlorhlcs of the alkaline earth-metals and of mag- 
nesium from the corresponding nitrates. In other cases, however, the carbonate can- 
not be use<l, b'^cause a great number of oxides are precipitated by it. 

Tlie chlorides of the alkali-metiils cannot be separated from the nitrates by this 
method, because the phosphate's of those basc^ are soluble. The method most goiK'rally 
adopted for estimating the quantity of chlorides coiitiiined in alkaline nitrates, especially 
in eriido .saltpetre, is to precipitate the chlorine by nitrate of silrer, and determine its 
amount, eit her by collecting and weighing the precipitate, or by the volumetric method 
with chromate of potassium (i. 26G). 

II. VoLUScETRic METHODS. 1. By neutralisation. See Analysis, Volumetric 
( i. 2GI). — If sulphuric acid is the standard acid used, and the number of burette divi- 
siou.s of the standard alkaline solution required to neutralise equal weiglits of the 
standard sulphuric acid and of the nitric acid to be tested, are denoted by p and p\ 
then the quantity of nitric acid (UNO*) contained in 100 parts by weight of the acid 
under examination is given by the formula 

j : = 100 . ^ . t, =, 128-57 

49 p p 

If for example^ = 22 and p* 50, then or = 5G’o, or 100 grammes of the acid 
rontiiin oG o grammes of real nitric acid. The percentage of nitric anhydride will be 
found by .substituting 54 for 63 in the preceding formula. 

'1. H If thr oxidation of Ferrous salts (Pcloiize’s process). — A ferrous salt healed 
with iiiiric acid is converted into a ferric salt, with evolution of nitric oxide, every 
3 at. iron (Ffe = 66) thus further oxidised corresponding to 1 at. nitric acid deconi- 
pused : 

6FeO 4- 2nNO* = 3FVO» + 2NO +’ IFO. 


A quantity of pure iron (harpsichord wire),^nore than can be converted into ferric 
oxide by the nitric acid to be estimated, is di.s8olved in excess of hydrochloric acid, con- 
tained in a long-necked bask; a known weight of the nitric acid or nitrate to be tested is 
then added, and the w’hole boiled till the liquid acquires a clear yellow colour. It is then 
diluted with water, and the excess of iron still present as ferrous salt is estiraatod by 
means of a standard solution of permanganate of potassium, as described under 
Analysi.s, Volumetric (i. 263). 

Tiiis process is well adapted for analysing mixtures of sulphuric and nitric acid.s 
used in the manufacture of gun-cotton, for mixtures of nitric acid with w'ater, and i.s 
iiiiich used for the valualion of saltpetre. To ensure accuracy, acce.ss of air to the flask 
must be carefully avoided, as the nitric oxide which is genemted would be thereV>y 
converted iiilo a liigher oxide of nitrogen, and thus peroxidise a further portion of tlio 
iron. t)tli(‘r sources of error are the reduction of a portion of the permanganic acid by 


bibulatod retort, having a capacity of about 200 cubic centimetres, being placed with 
its nock inclined slightly upward.s, about 1*5 grammes of pure iron wire is introduced 
into the liulb, and from 30 to 40 cubic centimetres of pure fuming hydnichloric 
:ieid is poured in. A stream of hydi'ogcn gas, previously washed with potash-ley, is 
I icn passed into the retort by a glass tube passing through the tubulure, and entering 
the retort to the depth of about hulf-aii-iuch, and the neck of the retort is connected 
with a U-tiibe containing a small quantity of water. The bulb of the retort is sunx 
in :i wutnr-bath, and heated gently till the iron is completely dissolved. The solution 
IS left to cool in tlie current of hydrogen ; the current is then strengthened, and a 
pianfity of the nitrate to be tested (not exceeding 0*4 gramme for saltpetre) having 
ocen wtMglicd out in a small test-tube, is introduced, together with the tube, through 
‘lie neck of the retort into the bulb. The connection of the neck of the retort with the 
b'-tube is then restored ; the contents are heated in the water-bath for a quarter of 
in hour; the retort is then removed from the water-bath, and heated over a lamp 
to brisk ebullition, till the fiolution, which is at first dark-coloured from absorption 
>t nitric oxide g^, has acquir(;d the light brown colour of ferric chloride, after 
''I mch the boiling is continui^ for a few minutes longer. Care must be taken not to 
lUow any portion of the salt to dry on the sides of the retort. Before the boiling is 
irrestfjl, the stream of hydrogen must be accelerated, to prevent air from entering 
irough the U-tube as the boiling ceases. The solution, after cooling in the cul^nt of 
lydrogen, if> largely diluted with water, and the quantity of iron still remaining as ferp 
OILS siilt is determined by means of permanganate or chromate of potassium. * 

A modification of t])is process propoeed by C. |>. Braun (J. pr. ChemL liKXSU 491) 
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consists in boiling the nitrate with an acid solution of ferrous chloride, in an ati 
sphere of carbonic anhydride, till all the nitric oxide is drawn off, then wanning the 
lution with iodide of potassium, whereby iodine is separated, according to the equatioi 

Fe'-'Cl* + 2KI -= 2FeCl» + 2KC1 + I*, 

and c.stimating the liberated iodine by means of sulphurous acid or hyposulphite 
sodium. 

Schfoswg^s method. — This method, also founded on the reducing action of boil 
hydrochloric acid and ferrous chloride on nitrates, consists in collecting the nil 
oxide evolved in the reaction over milk of lime, to free it from any hydrochloric » 
that may pass over with it, carefully preserving it from contact of air, tlien transferr 
it into another vessel, and converting it into nitric acid by mixing it with oxygei 
a vessel containing water; the quantity of this acid is then determined volumetrioi 
by means of a standard solution of lime in sugar-water. This method has the adv; 
tago of not being aflf'ected by the presence of organic matter — which w’ould vitiate 
result obtained by Pelouze’s process, by reducing a portion of the permanganic a 
used to oxidise the ferrous salt and making the amount of nitric acid come 
too small. It has been applied by Schldsing to the determination of nitric acid 
tobacco; but it is difficult of execution, and not generally applicable. (Chem. G 
1864, p. 398.) 

3. By the reducing action of Mercury Ann. Cli. Plmrm. Ixii. 233). — T 

method resembles tlie last, inasmuch as it depends on the collection of the nitric ox 
evolved in the reaction, but differs from it, in completing the determination hy 
direct me*isurement of tliis gas, instead of l)y its reconversion into nitric acid, 
weighed quantity of the nitrate is introduced into a graduated glass tube filled w 
mercury, and standing over mercury ; a quantity of water sufficient to dissolve the s 
is then passed up, and lastly a large excess of strong snlplmric acid. The nitric a 
thus set free is reduced by the mercury to nitric oxide, which collects at tlie top of 
vessel, the decomposition, accelerated by occasional agitation, being complele in ab 
two hours. The level of the sulphuric acid is then read off, and it warm concentra 
solution of ferrous sulphate is passed up to the top of the liquid. 'J'iiis absorbs 
whole of the nitric oxide, leaving only a small quantity of nitrogen, ansing from 
left in the tube. The volume of gas absorbed i.s then observed, and tlic amount 
nitric acid in the salt thence determined hy calculation. This method, wliich gi 
exact results, has been applied hy Crum to the detennination of nitric acid, not onlj 
saltpetre, hut also in gun-cot ton, after it had been ascertained that the pro.sence of orga 
matter did not interfere with the libordtion of the nitric oxide. To introduce the gi 
cotton, and likewise pulverulent substances, above the merenry, Crum encloses then; 
a small glass tube. H. Pose recommends wrapping them in Altering paper. 

4. By the reducing aciio7i of copper at a red hat. — When the vapours evolved 
igniting a nitrate are passed over red-hot metallic copper, the copper takes up 
whole of the oxygen and libenites the nitrogen, wliich may bo collected and measu 
over mercury. The apparatus used and tho mode of operating are the same as 
Dumas’ method for the absolute determination of nitrogen in organic bodies ( 
Analysis, Oroanic, i. 242). 1 part by weight of nitrogen corre.sponds to 3*857 parts N 

If the nitrate contains water, a chloride of calcium tube must be inserted betw 
the combustion-tube and the gas-delm'ry tube. ^ 

6. By conversion into Ammonia. — Nitric acid, as already observed (p. 84), is c 
rerted, by the action of nascent hydrogen, evolved by the action of zinc on dil 
acids or on solution of potash, into ammonia, each molecule of ammonia produ 
corresponding to 1 molecule of nitric acid: UNO* II** *= NH* + 3H*0. G 
reaction may be applied in various ways to the estimation of nitric acid. 

a. Martin's method.— lHYie salt or solution containing the nitric acid (after be 
boiled with exces.s of potash, to expel any ammonia that may be present), is trea 
with washed metallic zinc and sulphuric or hydrochloric acid ; and, after the react 
is finished, the liquid is distilled with potash, to expel the ammonia, which is cit 
estimated volumetrieally by means of a standard acid liquid, or received in a bu 
apparatus containing hydrochloric acid, and subsequently precipitated by pluti 
chloride. A considerable quantity of zinc must be used, e(|UJil to at least four tii 
the weight of the nitric acid to be estimated, because a portion of the hydrogen alw 
escapes in the free state without acting on the nitric acid. The reaction is not ini 
fered with by the pi^'sence of nitrogenous organic bodies, such as uric acid, quini 
the o^anic matters in mineral waters, &c. 

b, Harcourt's method (Chem. Soc. J. xv. 383). — In this process, the hydrogel 
evolved by the action of caustic potash solution on zinc in contact with iron (p. 

A staitdard solution of sulphuric acid is used for the collection and determination 
the ai 3 tQiQnia» the excess of e^id employed being finally detei'mined by ^ 



NITRATES. 


89 


fttaiidard fioliit ion of caustic potash. Or the ammonia may bo condensed in hydro- 
chloric acid and precipitated by chloride of platinum ; but the volumetric method gives 
perfectly exact results. The result is not atfected by the presence of sulphate of 
twfassium or chloride of sodium. 

For the estimution of nitric acid in other than alkaline nitrates, it is sometimes 
advisable to ©nparate the base before proceeding to determine the nitric acid as above. 
Nitrate of barium, when directly submitted to this metliod of analysis, gives perfectly 
good results; but nitrate of leitd showed a slight deficiency in the amount of nitric acid, 
due probably to an action of dissolved oxide of lead on the surface of the zinc. 

6. By reduction to Nitric Oxide and subsequent conversion of that compound into 

Ammonia. — The conversion of the nitric acid into nitric oxide is effected, as in Pe- 
louze’s method (p. 86), by boiling the solution of the nitrate with ferrous chloride 
und free hydrochloric acid ; and the nitric oxide is converted into ammonia, either 
by passijig it mixed with liydrogen over platinum -sponge heated nearly to redness 
(NO + H* = NH® + by W'hich method, however, the conversion into ammonia 

is completely effected only when the quantity of nitric oxide present is very small, 
that is to say, when only a small quantity of nitrate is operated on; or, secondly, and 
nioro effectually, by passing the nitric oxide mixed with sulphydric acid gas, over nearly 
ml-hot soda-lime ; 

+ ZWS + 2CaO = 2Nn» + CaSO* + CaS*. 

In either case, each molecule of ammonia produced corresponds to one molecule of 
nitric oxide, and therefore also (p. 87) to one molecule of nitric acid. The ammonia 
produced by the reaction is collected in an absorption -apparatus in a measured quantity 
of standard sulphuric acid, and the excess of acid used is determined by a standard alka- 
line solution. This process was devised especially for the estimation of small (piantities 
of nitric acid existing in f)lants, soils, waters, &c. From 10 to 100 gramnu'S of the sub- 
strtuce (or of the residue obtained by evaporating the water) is exliausted wit h boiling 
water, and the concentrated solution is treated as above described. (G. Vi lie, Compt. 
rend. xi. 939 and 987.) 

7. By ike action of Stannous Ckloridc. — Each at. nitric acid converts 4 at. stannous 
chloride into stannic chloride : UNO* + 4SnCP 8HC1 = 4SnCl* -»• NH* + 3II''0. 
— The nitric acid or nitrate is heated with a know'n volume of the acid tin-solution 
ill a sealed tube to about 130^ for teii minutes, and the remaining stannous chloride 
is estimated by u standard solution of acid chromate of potassium, (Pugh.) . 

Metallic Nitrates, 

Nitra-te of Aluminium. — T he normal salt^ 9H*0, crystallises from a 

concentratod solution of hydrate of aluminium in nitric acid, in oblique, rhombic, very 
short prism.s, which melt at 73°, solidify to a crystalline nmss on cooling, deliquesce in 
the air, and dissolve very easily in water and in nitric acid. Half an ounce of the 
pulverised ciy.^tals mixed with aii equal w'cight of acid carbonate of sodium or ammo- 
nium, produced, on solution in water, a fall of temperature fi-om -t 10-5“ to —23-3° 
(Ordway, Arm. Ch. Pharm. Jxxvi. 247 ; see also Salm-Horstmar, Jahresb. 1850, 
p. 301 ), This salt treated with hydrate of aluminium appears to yield a series of basic 
Euilts analogous to the biisic ferric nitrjitea (p. 94) (Ordway). Berzelius obtained 
a basic nitrate of aluminium in the form of a pasty mass by precipitating the neutral 
Balt with ammonia. 

Nitrate OP Ammomium. (NH*)NO*. Nitrwm Jlammans, (See Ammoniacal 
Salts, L 192.) 

N 1 T H AT B o F B A B I IT M. B»"O.N*0* OF Ba"N*0*. Baryta-saltpetre. — Prepared by 
reating the solution of sulphide of barium or the native carbonate (fVitkerrte) with 
iilute nitric acid, or by precipitating the solution of the sulphide or chloride with nitrate 
>f sodium. It crystallises in regular octahedrons and combinations of that form with 
)thers of the regular system, especially the cube. The crystals are permanent in 
he air, white, transparent, or translucent, have a specific gravity of.3*1848 (Karst e n), 
md a sharp, saline, bitter taste ; decrepitate when heated, and melt at a comparatively 
ow temperatTire. At a red heat the salt decomposes, riving off oxy^n, nitrogen, and 
iitnc peroxide, and leaving a residue of pure baryta. It detonates mightly with com- 
bodies, and decomposes with a yellowish light when thrown on glowing coals, 

^ water with slight depression of temperature. 1 pt. of the salt dissolves 

u 20 pts. water at 0°; in 12*6 pts. at 16°; in 6’9 pte, at 46°; in 3*4' pts, at 86°; 
ind in 2-8 pts. at 106° (Gay-Lussac). According to Karsten, it dissolves in 11'66 
jw. watOT at 20°, forming a solution of jStiecific gravity 1*067 8. In water containing 
“tne acid it is much less soluble, so that a neutral solution from which nothing wilj 
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crystallise yields an additional crop of crystals on addition of nitric acid: hence also 
the necessity of using dilute nitric acid in preparing the salt from the carbonate, &c. 
In strong nitric acid it is quite insoluble ; also in alcohol. 

irom a solution cooled to between 12® and 0°, Hirzel (Zeitschr. f. Pharm. 1854, 
p. 49) once obtained a hydrated salt containing Ba'N'-'O'*. 211^0. 

An aceto'-nitrate of barium^ Ba"(N0*)(C*H®0“).4H“0, is obtained by dissolving 
acetate of barium in excess of the nitrate, and crystallises from the mother-liquor afw 
the excess of nitrate has separated, in large, right, rhombic prisms. (Lucius, Ann. 
Ch. Pharm. ciii. 113.) 

Nitiiatbs of Bismuth, normal salt^ BP'N*0®.6II*0 or Bi*0*.3N*0M 011*0, 
is obtained by dissolving the pulverised metal or the oxide or carbonate in moderately 
strong nitric acid. The concentrated solution, which corrodes paper, and must there- 
fore be filtered through asbestos or pounded glass, deposits the salt on evaporation in 
large crystals, which are very deliquescent, extremely caustic, and melt in their water 
of crystallisation when gently heated. 

BP H*) 

Basic salts . — A bismuth-nitrate having the composition 2Bi'"NO* H*0 = 0* 

or BP0*.N*0MI*0, is obtained by heating the normal salt to 78® (Graham, Ann. Ch. 
Pharm. xxix. 16), to 150® Gladstone (Chem. Soc. Mem. iii. 480). According to 
Huge (Jabresb. 1862, p. 163), the normal salt heated for a certain time to 78® leaves 

the basic salt Bi'"N0*.HN0* = ^^Q",|0» or Bi*0».2N*0».H*0 ; but if it be kept at 

tliat temperature till it no longer loses weight, the residue consists of 2Bi"'N0^1I*0. 

The acid solution of the normal salt is decomposed by water, with precipitation 
of a white basic salt formerly called magistery of hismuih. The composition of this 
precipitate is variously stated by different chemists, and appears to vary according to 
the quantity of water added, and the length of time for which the washing is con- 
tinued. According to Kuge (/oc. ciL) it consists mainly of the salt Bi'"NO^IPO 
or BP0*.N*0» 2IPO, mixed with variable quantities of Bi-O®. 2BiN0MI*0 or 
2Bi*0®.N‘*0*.H*0, the proportion of the latter increasing with the quantity of wash- 
water used. (See also Handw. d. Chem. vii. 176.) 

Nitrate of Cjesium, CsNO®, See Cjisium (i. 1115). 

Nitrate of Cadmium. Cd"0.N*0» 4H*0 or Cd''N*0®4H*0.— Tufts of needles 
and prisms which, according to Meissner, deliquesce in the air, dissolve in alcohol, but 
without colouring the flame. According to Ordway (Sill. Am. J. [2] xxvii, 14), the 
salt melts at 59-5®, l-oils at about 132°, and remains clear and mobile on prolonged 
boiling till fths of the water has gone off. 

Nitrate of Calcium. Ca"N*0®.4H*0. — This salt occurs on many parts 
of the earth’s surface where the conditions are favourable to the formation of 
nitric acid, and calcium-salts (especially the carbonate) are likewise present. In 
many limestone caverns, those of Kentucky for example, it takes the form of silky efflores- 
cences of a white or grey colour. It also occurs on the floors and walls of stables and 
other badly-drained buildings in which urine, blood, and other animal matters are left 
to putrefy. Prom the soil it often passes into well-water. When it forms on walls it 
causes rapid disintegration of the mortar, because, boin^ very soluble and deliquescent, 
it is rapidly carried away by rain-water and atmospheric moisture ; hence it is called 
the saltpetre-rot In France, Prussia, and other countries of Europe it is formed 
artificially in saltpetre-plantations, consisting of heaps of decomposing vegetable 
and animal matter mixed with cinders, chalk, marl,&c., which are frequently moistened 
with urine, dunghill- water, waste soap-suds, &c. After exposure to the air for two or 
three years, the mass is lixiviated, and the crude liquor, which is chiefly a solution 
nitrate of calcium, mixed however with the nitrates and chlorides of potassium, sodium 
and magnesium, is treated with carbonate, sulphate or chloride of potassium, in order 
to convert the nitrate of calcium into nitrate of potassium (see Richardson and JVaitsi 
Chemical Technology, vol, i. pt. 4, pp. 281 — 289). 

Pure nitrate of esdeium is best prepared by neutralising nitric acid with lime Pl 
carbonate of calcium. The solution, when evaporated to dryness, leaves the anhydndps 
salt, which has a specifle gravity of 2*472 (Kremers), a warm bitter taste, diss^te^ 
easily in water and in alcohol, and may be heated to incipient fusion without dee(^' 
position. The partially decomposed salt is phosphorescent (BaJdmWs johos]fhor^h 
At a higher temperature it is decomposed, giving off oxygen and nitric peroxid^r •I‘ 
detonates slightly with combustible b^es. ^ ^ j 

A very strong aqueous solution of the salt c^stallises widi difficulty in deliqupWP* 
six-sided prisms terminated by acute pyramid — ^monoclinic combinations, 
to Marignac— containing Ca"N*0*.4H*0 ; according to Mitscherlich, the same ' 
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is precipitated as a crystalline powder from the aqueous solution on addition of nitric 
acid. According to Ordway {Joe, ciQ the hydrated salt melts at 44°, but if heated 
somewhat above its melting point, remains liquid till it has cooled down to the ordinary 
temperature, and if then touched with a cr>’stal of the same salt, solidifies quickly, 
with cousidtirable rise of temperature and contraction. Its specific gravity at 15-5*^ is 
] 1)0 in riie solid, and I'TO in the liquid state. The fused salt begins to boil at 132^, and 
roinains clear during boiling down, till about one-third of the water has gone off, and 
then do|) 08 its the anhydrous salt, without loss of acid. The anhydrous salt evolves 
great heat on combining with water. 

NiTKATUs OF Cbuium.— a. Cc a Ce”0.N“0*.4lI'‘*0 or Ce"N*0®.4lI''0, 
is obtained by dissolving ceroso-ceric oxide in nitric acid in presence of alcohol or some 
other r(rducirig substance. The filtrate evaporated to a syrup yields the salt on cool- 
ing. MH a faint rose-coloured crysbilline mass, which gives off half its water at 160° 
ami decomposes at 200°. (L. J. Lange, J. pr. Chem. Ixxxii. 129.) 

A/inutmio-ctrous nitrate^ (hIH*)N0*.Ce"N*0'*.8H-0, obtained by evaporating a mix- 
ture of equal parts of the moderately concentrated solutions of tho component salts, 
and crystiillising over lime and chloride of calcium, is colourless, very soluble in water 
and nleohol, and deliquesces in moist air. (Ilolzmann, J. pr. Chem. Ixxxiv. 7C.) 

A mixture of cerous nitrate jind nitrate of potassium coiicentrat(;d to a syrup 
and then left over oil of vitriol, yields small crystiils of potassio-ceroUH nUraf.<\ which 
gav {5 in one analysis results agreeing with the formula 4KN0®..3Ce"N‘0“.4H‘O, 
blit were not found to bo of constant composition (Lange). — Magnesia-cerous nitrate^ 
Mg’ N-0'‘.Ce"NH)".8H'-*O, is obtained on adding alcohol to the mixed solutions of its 
component salts, in faint rose-coloured crystals, soluble in water and in alcohol; they 
give off 3 nt. water at 110°, and tho rest at 200°, molting at the same time (Lange). 
According to Holzmann, this salt is colourless and contains only 6 at. w’atcr. The 
double salts of cerous nitrate with the nitrates of manyant.^e, cohalt, nickel, and zinc, 
iiro similar in composition (with 8 at. water) to the raugnosium salt, and crystallise 
very eiisily from solutions made as neiirly neutral as possible, in regular six-sided 
tables ; they smnotimes, however, exhibit hemihodral forms, and frequently have three 
alicrnate sides longer than tho intermediate ones. The manganese salt gives off 4 at. 
water .at 1 50°. (I i a n g e. )• 

Crric oxide dis.solves slowly in nitric acid, forming a reddish-pllow liquid, which 
leaves on evaporation a reddish-yellow viscous mass, exhibiting distinct indications of 
crystallisation. It absorbs water from the air, and leaves when ignited n ceroso-ceric 
oxide which, according to Marignac, has nearly the composition 3Ce"0.2(Ce'‘^)’‘0*. 

An airnmnio’ccroso’^eric nitrate, |N"0‘®.(Ce*)'''N®0**.3H*0, is obtained by 

mixing the solutions of nitrate of ammonium and ceroso-ceric nitrate and evaporating 
ever lime and chloride of calcium ; it forms nodular groups of very deliquescent, 
orango-red crystals, consisting of microscopic six-sided prisms. (Holzmann, loc. cit,) 

Nitrates of Chromium. Normal chromic nitrate, Ci^0’.3N*0M8H*0 or 
((h*‘)'''N'q)'*.18H*0, is obtained by dissolving chromic hydrate in nitric acid. Tho solu- 
tion, which is blue by reflected, red by transmitted light, dries up when evaporated to a 
giiiimiy fissuiT'd mass, which is dark green both by transmitted and by rcfltjcted light, 
and .'liter being heated over tho water-bath for several hours, dissolves only partially in 
water, forming a brown solution (Hayes). According to Ordway (Sill. Am. J. [2] 
ix. 30; xxvii. 14) the normal salt crystallises, though with difficulty, from warm 
water, in purple oblique rhombic prisms containing 9 aU water, which melt at 37° to a 
green liquid boiling at 125*6°, and form with cold water a purple solution which turns 
green when heated. 

Hade Salts. — Normal chromic nitrate dissolves chromic hydrate, the solution re- 
m;iiniiig clear till it contains SCr'^O* or 3N'*0*; by careful addition of alkali, two- 
fhirds i)f the acid may be withdrawn without producing permanent turbidity. The 
^rystallised normal salt, heated over the water-bath till the loss of weight amounts to 
39 per cent., leaves a dark green viscid residue, very soluble in water, and consisting 
of Cr*0’.2N''0M2H'‘*0 ; on continuing the heat, more acid and water escape, and the 
spongy residue which then remains dissolves quickly in water, forming a dark brown 
Sitlutioii containing chromate and nitrate of chromium (Ordway, Sill. Am. J. [2] 
xxyi. i 97 j. Acco^ing to Siewert (Ann. Ch, Pharm. exxvi. 86), the saturated so- 
lution of chromic oxide in cold nitric acid contains the salt Cr*0*.2N’'*0® ; and the hot 
Fatunited solution contains the salt 2Cr*0*.3N*0*. From the latter, ether-alcohol 
pfecipitatos chromic hydrate, while blue normal chromic nitrate remains in solution. 

Nitkatb of CoBAtT, Co''0.1I*0*.6H«0 OT Co"N»6‘.8H*0 (op 6H'0 acc«^ing to 
"ill on) forms red prismatic crystals of specific gravity 1*83, according to Bddeker^ 



which melt below 100®, and give off water at higher temperatures, the colour of the 
liquid changing from violet-red to green, and finally swell up, give off red nitrous 
vapours, and leave black cobaltoso-cobaltic oxide. The aqueous solution has a crimson 
colour, and may be used as a sympathetic ink. It is also much used as a reagent in 
blow-pipe experiments (i. 213). 

A basic salty 6CoO.N^O*.5H*0 or Co“N20®.3CoH^0^2H*0, is formed us a blue 
precipitate, when a do-aerated solution of the normal salt is treated with excess of am- 
monia out of contact of air. After washing and drying, it forms a green powder, 
probably containing cobaltoso-cobaltic hydrate. (W inkelbloch.) 

The nitrates of the cobalt-ammoniums have been already described (i. 1052-1055), 

NitbatesofCoppeb. Normal cupric nitrate, Cu"0.N''*0* or Cu"N*0®, is obtained 
by dissolving metallic copper, cupric oxide, or cupric carbonate in dilute nitric acid. 
The solution is green at first (perhaps from admixture of cupric nitrate, and becomes 
blue only after standing for some time. From the blue solution at temperatures not 
below 20° (26° according to Ordway), the salt is deposited in dark blue prismatic 
crystals, containing (V'N*0*.3H*0, according to Graham, G1 ads to n e, and Ordway; 
4H'^0, according to Gerhardt. This hydrate melts at 114*5°, and boils at 170°, giving 
off nitric acid, and leaving a green basic salt (Ordway). At lower temperatures, pale 
blue prisms are deposited containing 6 at. water: they effloresce in vacuo over oil yj 
vitriol, giving off half their water, melt at 18° (at 26*4° according to Ordway), and 
are resolved into a liquid and crystals of the tri-hydrated salt. The latter decomposet 
at 65° into free acid and a basic salt (Graham) : 

3(CuN*0-.3H^0) a Cu»N*0« + 4HNO* + 7H*0. 

A basic cupric nitrate, 3Cu"0.N-0*.H*0 = Cu®N*0Ml*0 (Graham), 4Cu"0 

N*0*.3H*0 — Cu"O.CuWO".3H*0 (Gerhardt), is formed by gently heating 
the normal salt (to 66° — 300°), or by boiling its solution W'ith copper or cuprii 
hydrate, or mixing it with a small quantity of alkali ; also by treating cupric oxide witl 
strong nitric acid, even in excess. It is a green powder, insoluble in water, soluble ii 
acids; it bears the temperature of melting lead almost without decomposition, but i; 
decomposed at a red heat, leaving cupric oxide ; it also yields cupric oxide when boilc< 
with potash (Proust). Acceding to Vogel and Keischauer (Jahresb. 1869 
p. 216), the salt 4Cu"0.N-’0*.3H*0 is obtained in light, iridescent, greenish-blue lamina 
by boiling the mixed solutions of normal cupric nitrate and nitrite of potassium, or th 
green liquid obtained by passing nitrous acid gas into water in which cupric hydrat 
is suspended. 

Di-arnTnanio-cupric nitrate, Cu^(NH^)*N*0**, crystallises very easily from aqueou 
solution, and explodes riolently when the solution is evaporated by heat beyond a certai 
degree of concentration. 

Nitrate of Ammo-cuprammonium, Ca"N*0*.4NH*, has been already partially de 
scribed (ii. 81). According to Marignac (Compt^rend. xlv. 650)/ it forms rhombi. 
crystals with the predominating faces oop, oopoo, Poo, and angles a>P : ooP =» 122° 
35' ; too : too over the principal axis *= 115° 10'; twins often occur with composition 
face oopoo. 

Nitbate of Didymium, Di"N®0* — ^Easily soluble in water: the solution h 
rose-red when dilute, with a violet tinge when concentrated: a syrupy solution 
solidifies on cooling to a deliquescent mass of the hydrated salt, which melts and 
gives off its water when heated above 300° The anhydrous salt dissolves easily in 
alcohol of 96 per cent., and a mixture of alcohol and ether, but is insoluble in pure 
ether. When strongly heated it gives off nitrous vapours, and ultimately leaves » 
residue of brown peroxide of didymium. If the decomposition be stopped at a certain 
point, and the residue treated with water, there remains a white mass, apparently con- 
sisting of a basic salt, I)i*N*0".Di'TIW.4H*0. (Marignac, Ann. Ch. Phys. [3] 
xxxviii. 148; see also Hermann, Hep. Chim. pure, 1861, p. 53.) 

Nitbatb of Ebbiusl Permanent in the air; mostly colourless, sometima* 
slightly reddish; forms a colourless solution. 

5itbatb op Gltjcinum, Gr'0.N*0*.3H*0 or GrN^O^.SH^O. — Obtained by 4** 
composing the sulphate with nitrate of barium, as a difficultly ciystallisable, veiy 
deliquescent salt, which melts at 60°, and boils at 140*5°, remaining clear when boiled 
down till the thermometer rises to 160°, and fiuid till cooled to 16° ; the fu8e4 
solidifies rapidly on addition of strong nitric acid. When heated for twenty boniiy^ 
a steam-bath, it left a thick transparent residue, amounting to 60 per cent, of Its welp^ 
perfectly soluble in water, and consisting of GrK^O*.Gr'H*5^2H^O. This basic ialflP 
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[remains dissolved when the aqueous solution of the normal salt is treated in the cold 
[with excess of carbonate of glucinum, whereas, on boiling, the whole of the glucina is 
precipitated in the form of a more highly basic salt. By the action of hydrate of 

glucinum, the normal nitrate may be converted into the tribasic nitrate, (xl*N*0*- 
(Ordway, Sill. Am. J. [2] xxvi. 197; xxvii. 14.) 

Kitbate of Gold?^ h'ine gold-leaf, and gold recently precipitated by ferrous 
sulphate, dissolves in fuming nitric acid; but the solution is very unstable, being de- 
composed even by agitation with water, with precipitation of auric oxide, or if nitrous 
acid is present, of metallic gold. Auric oxide and hydrate likewise dissolve in fuming 
nitric acid, forming a similar solution. 


Nitrates of Iridammon itjms (see Iridium-basbs, Ammoniacal, iii. 324). 

Nitrates of Iron. o. Ferric ATtVra/es.-— The wormaZ hV0*.3N'-’0M8H‘0 
or (PV)’‘(N0*)®.18IP0, is prepared by dissolving metallic iron in nitric acid of specific 
gravity 1 '29, till the liquul has ttiken up about 10 pop cent, of the metal, and then adding 
an equal volume of nitric acid of specific gravity 1-43. The solution, on cooling, de- 
posits the salt in oblique rhombic prisms of specific gravity 1-6835 at 20°, colourless 
or with a faint lavender-bluo tint, slightly deliquescent, very soluble, with a yellow- 
brown colour, in water, very slightly soluble in cold nitric acid. At 47-2° they melt 
to a deep red liquid, which remains liquid till cooled to 20°, and has then a specific 
gravity of 1*6712; part of the acid goes off at 100°; the liquid boils at 125°, and 
complete decomposition takes place at a red heat (Ordway, loc. cit,). Ilausmann 
(Ann. Oh. Phartn. Ixxxlx. 109), by ovap<3rating the rod-brown solution of iron in 


the same hydrate in limpid cubic crystals, from a largo quantity of iron mordant con- 
taining a very small quantity of free acid (prepared by saturating slightly diluted 
nitric acid with iron, and evaporating to 48® or 50° Baum^). 

Basic Sa/ts, Ordway has obtiiiuodibasic ferric nitrates containing from 2, 3, 6* 
8, 12 to 24 molecules of ferric oxide to 3 at. nitric anhydride, namely bv mixing the 
solution of the normal salt with recently precipitated ferric hydrate in various pro- 
portions ; they are all soluble in water, and the solutions when evaporated yield red 
mostly deliquescent powders. The solutions have a deep red colour, are not de- 
composed by boiling or dilution, but when saturated with ferric oxide, they yield a 
precipitate of that oxide on addition of chloride of sodium, sulphate of potassium, 
chloride of ammonium, sulphate of sodium, cupric sulphate, &c., but are not precipi- 
tatod by neutral acetate of lead, cupric acetate, or alcohol. Scheurer-Kestner 
(Compt. rend, xlvii, 9*27) has obtained the two salts 2Fo20*.N'-«()MIO and hVO*.N«0\ 
Ihese, as well as the norinal shU. flAnoTirirtrtsArl nrufAi. flm mil.* .....1 .1 


at iron in nitric acid to a syrup, adding half the volume of strong nitric acid, 
solution to crystallise, obtained colourless prisms containing Fe*0*. 
0 .12H"0. By mixing a very concentrated solution of this salt with water till 
-he colour became reddish-yellow, then boiling, and jwlding nitric acid after cooling, 
in ochro-coloured precipitate was formed, containing 8hV0».2N“0\3H'0. By 
tcldiiig a very large quantity of Water to a highly concentrated and slightly acid 
xr 2 rr® ochre-coloured pecipitato was sometimes formed, containing 

Jbi-o U N 0\481P0. By treating iron in excess with nitric acid, a precipitate was 
ibtained having the composition 8hV0*.N'0M2H20. 

^cetp-nitratea (Scheurer-Kestner, Ann. Ch. Phys. [3] Ixiii. 422; 
ep Uliira. pure, iv. 96). — Those, and similar salts containing chlorine and other 
nonatomic riulicles arc obtained:—!. By leaving mixtures of ferric hydrate and 
nonatomic^acids ^itric, hydrochloric, acetic, &c.) to act upon one another for several 
at 40 2. By mixing a monatomic acid with a very concentrated solution of a 

j nous salt, oc with the dry salt, and oxidising the mixture with nitric acid. — 3. By 
e tnutiial a'jtion of the component salts, e.ff. of ferric acetate and ferric nitrate.— 
y the action of an acid on a ferric salt containing another acid. 

Diaceto-nitratey (Fe*)^*(C’H*0*)*(N0*)*.6H*0, crystallises in slender blood-ied 
rhombic prisms of considerable size;— /errw aceto-dmitrate. 

in right rhombic priims; — (eiraeeto-niirate, 
'errL in hard, shining, red-brown right rhombic prisms; — 
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7. Ferrous nitrate, Fe"0.N*0* or Fe''N*0*. —Prepared by precipitating ferrnug 
sulphate with an equivalent quantity of nitrate of barium, and evaporating the 
in vacuo over oil of vitriol ; or by adding sulphide of iron to cold dilute nitric aci,] 
and evaporating the Solution in vacuo. If the solution were evaporated by heat, fervi,’ 
salts would bo formed. I he salt is likewise obtained by treating iron borings or filings 
with cold dilute nitric acid, nitrate of ammonium being formed at the same time, anj 
no evolution of gas taking place : 

lOlINO* + Fe* = 4Fo"N*0* + (NH*)NO» + 3H-0. 

The solution thus obtained may be heated nearly to boiling without decomposition. 

According to Scheurer-Kestner (Compt. rend, xlvii. 927), nitric acid of specific 
gravity 1-034 yields with iron nothing but ferrous nitrate and ammonia, whereas acul 
of specific gravity 1*073 yields the same products together with ferric nitrate ; and acid 
of specific gravity 1*110 and upwards, only ferric nitrate, and no ammonia. In the 
latter case, the solution contains basic salts, as well as the normal salt, and in greiiti r 
proportion as the acid was more concentrated. 

Ferrous nitrate crystallises from solution after some time in four-sided bevelled 
prisms, having a very faint greenish colour and sharp taste, deliquescent and very 
soluble in water. 

’ The solution of iron filings in cold dilute nitric acid is used in dyeing. 

Nitrate or Lanthanum, La0.N*0*.3}P0 or La"N20*.3IP0, separates from a 
syrupy solution in large prismatic crystals which deliquesce in the .air and dissolve 
easily in water and in alcohol. If the water bo very carefully drawn off from t!ie 
crystals, the residual anhydrous salt may bo fused without decomposition, but if the 
temperature be then raised above the melting-point, a small quantity of nitric acid goes 
off, and the residual basic salt solidifies on cooling to a kind of enamel which almost 
immediately afterwards crumbles to a bulky white powder, and with such force that 
the particles are scattered to a considerable distance. At a red heat the salt is 
completely decompo.sed, leaving a residue of oxide (Mosander). The hydrated salt 
melts at about 40® and boils at about 120°, (Ordway.) 

Nitrates of Lead. The normal salt, PbO.NW or Pb"N*0®, is obtained hy 
dissolving litharge or metallic lead at the boiling heat, in slightly diluted nitric acid, 
which should be free from hydrocliloric and sulphuric acids. The neutral nitrate crys- 
tallises in large octahedrons, with the secondary faces of the cube, sometimes trjin.s- 
parent, although generally white and opaque; specific gravity 4*609 (Schroder); 4*235 
(Buignet). The crystals are anhydrous ; they aro soluble in 7i times their weight of 
cold, and in a much smaller quantity of hot water. (M i t s c h e r 1 i c h. ) 

According toKremers (Pogg, Ann. xcii. 499) 1 pt. of tho nitrate of lead dissolves 
in 2*68 pts. water at 0°; in 2*07 pts. at 10®; in 1-66 pts. at 25°; in 1-25 pts. at 46®; 
in 0*99 pts, at 66° ; in 0*83 pts. at 85° ; and in 0*72 pts. at 100°. The saturated solu- 
tion boils at 103*6°. The specific gravities at 17*6° of solutions of various strengths 
are as follows (Kremers, Pogg. Ann. ciii. 67 ; civ. 133) ; 

Weight of salt in Specific gravity of Weight of unit in 

100 pt9. water. solution. 100 pts. water. 

34*79 1*3816 11*60 

23*30 1*2274 7*73 

16*46 1*1415 

See also Schiff (Ann. Ch. Fharm. cx. 75). Nitrate of lead is insoluble in aUokoh 
and in strong acid, which indeed precipitates it from aqueous solution ; soluble in 
saturated solutions of nitrate of potassium and nitrate of barium.. (For fuU details re- 
specting its solubility in water and other solvents, see BtoreFs Dictionary of Solubilities, 
p. 382.) 

Nitrate of lead is decomposed at an incipient red heat, yielding a mixture of oxygen 
gas and nitric peroxide (p. 76), and leaving tho yellow protoxide of lead (iii. 649). 

Basic salts. — The diplunibic salt, 2Pb''O.N*0® « Pb"O.Pb"N‘'*0* (Berzelius) or 
2Pb"O.N“OMI®0 — Pb"HNO* (Pelouze), is produced by boiling tho normal salt 
with white lead and water (Pelouze), or 1 pt. of the normal salt with 1 pt. lead oxide 
and water (Chevreul), or by treating the solution of the normal salt with a quantity 
of ammonium not sufficient to throw down all the lead as oxide. It crystallises 
the hot aqueous solution in white grains or nacreous laminae and needles 
sweet astringent taste. It is but slightly soluble in cold, more soluble in hot 
aeconling to Pohl, 1 pt. of it di.ssolves in 5*15 pts, water at 19*2°, , 

TriplumHc nitrate, 8Pb"O.N®0* or is precipitated with § at 


Specific gravity of 
lolution. 
1*1022 
1*0661 
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/2rb*N*0*.3H®0), on treating the solution of the normal salt with a slight extir-ss of 
ammonia, as a white powder, slightly soluble in pure water and precipitated by addition 
of many salts which do not decompose it. The same salt is precipitat ed according r.o 
A. Vogol, jun., with twice the preceding quantity of water 311*0), on 

ailing nitrate of potassium or sodium to a solution of basic acetate of lead. It is 
sparingly soluble in boiling water, crystallises on cooling in nodules of needle-shaped 
crystals, and gives off its water of crystallisation in vacuo at 206®. 

UeTplumhic nitraie, OPb^O-N’^OMPO = Pl)*N*0®.3Pb"0.H*0, is obtained by 
precipitating the normal salt with excess of ammonia, and digesting the washed 
precipitate with ammonia. It is a white powder, nearly insoluble in water. 

iV) 

Ji'ormo-nitrate of Lcadi NO* obtained by dissolving formate of lead 

(CHO)>j 

in a hot nearly saturated solution of the nitrate, crystallises by slow cooling in large 
rhombic plates, permanent in the air, and sparingly soluble in water. 

Pb*) 

Phospho-nitrate of Lead,^0n0^,11^0 or Pb"N*0*.Pb*P*0».2H20, is ob- 
(PO)-) 

tainod by adding a soluble phosphate to excess of nitrate of lead, as a crystalline pre- 
cipitate, insoluble in water, soluble in nitric acid, and crystallises in six-sided plates 
derived from an oblique rhombic prism. It is decomposed by boiling water into 
nitrate and orthophosphate of lead, and when heated to redness leaves a residue of basic 

phosphate, Pb"0.^b*P*0*. (Gerhardt, Ann. Ch. Pharm. Ixviii. 286.) 

Nit a ATE of Lithium, Li NO*. — The anhydrous salt crystallises at 15® in 
rluimbic prisms, like nitrate of potassium; of specific gravity 2*334, according to 
Kremers (Pogg. Ann. xcii. 520) ; according to Troost (Ann. Ch. Phys. [3] li. 134), 
in rhomhohedral crystals, K . oR, having the angle of the terminal edges = 105® 40'; 
specific gravity 2*442. llelow 10® the hydrate, 2LiN0®.5H'0, crystallises in thin 
<lt!liqiioscent prisms (Troost). The salt dissolves easily in water and in alcohol; 
the solutions taste like saltpetre, but very pungent. The specific gravities of solutions 
containing various proportions of the anhydrous salt, according to the detorminationa 
of Kreiuers (Pogg. Ann, cxiv. 41), are exhibited in the following table 

LiN03 Specific gravity LiNO* Specific gravity 

in 100 pts. at 19*5*’. in 100 pti. at 19*5*’. 

14*2 1*0769 67*5 1*2550 

26*7 1*1346 77*4 1*3164 

40G 1*1930 

Nitrate of lithium easily forms supersaturated solutions, which solidify at 1®, often 
in masses of slender needles, the temperature of the solution rising to 27®. (Kremers.) 

Nitrate of Magnesium, Mg"0.N*0*.6H*‘'0 or Mg"N*0*.6H*0. — This saltoccurs 
in the mother-liquor of the saltpetre-plantations, and was detected by Berzelius in the 
well-waters of Stockholm. It is prepared by dissolving Magnesia alba in nitric acid, 
and crysUiilises from the concentrated solution in deliquescent rhombic prisms and 
needles (uionodiiiic according to Marignac). soluble in j pt. cold water and in 9 pts, 
alcohol of specific gravity 0*840, less soluble in absolute alcohol. When dried over 
oil of vitriol, they give off 4 at. water. They melt when heated, and at the temperature 
»>f melting lead give off, according to Graham and Chodnew, 6 at. water, leaving 
the monohydrated salt, Mg''N*0*.H*0, which, at a still higher temperature, gives off 
the rest of the water and part of the nitric acid, leaving the irimagmsio salt^ 

IVlg^N^O*. Einbrodt, on the other hand, doubts the existence of the mono- 
hydrated salt, inasmuch as he finds that the hex-hydrated salt begins to give off 
nitric acid before it has parted with the fifth molecule of water. 

Nitrate of magnesium forms an alcoholate, Mg"R*0*.6C®H®0 (see i. 80). 

Nitrate of Manganese, Mn"0.N*0*.6H*0 or Mn"N*0*.6H*0, — White longir 
tudinally-striated needles, deliquescent, and soluble in alcohol. 

Nitrates of Mercury. — a. Mereurio nitrates ^ — ^When mercuric oxide is 
dissolved in excess of nitric acid, and the solution is evaporated at a gentle heat, tlie 
normal salt, Hg"O.N*0*.2H*0 or Hg"N*0*.2H*0, is left in the form of a syrupy liquid, 
'vhich retains its constitution unaltered for several months. By farther evaporation 
vitriol, it yields bulky deliquescent ezyst^, consisting of the hydrate, 
^Hg'N“0®.lI*0, which easily give up a portion of their acid (Handw. d, Chem. xM. 
166). According to C. G. Mitscherlich {Chnelm*s Handbook, vi.74), the crystals 
obtained by evaporating the acid solution of the normal salt consist of the basic 
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salt Hg"0.Hg"N®0*.2H*0. A concentrated solution made as neutral as possiblo 
yields, when cooled to 16°, large colourleiss rhombic plates with angles of about 
67°, melting at 6-6°, and having the composition Hg"N®0*.8H'‘O. (Bitten, Jahresb 
1864, p. 366.) 

Basic salts . — Tho clear liquid obtained by fusing the crystals of the octohydrato 
just mentioned deposits the salt Hg''0.Hg''N*0“.3H’0, in short colourless needles, 
which become opaque when exposed to the air and white by contact with water. Both 
this salt and the normal salt are decomposed by water, the trimercurio salt, 

3Hg"O.N*0*.H‘’0 or being first separated as a white pulverulent mass, 

and afterwards gradually converted into red mercuric oxide. The triniercuric salt with 
1 at. water is likewise produced by heating either of the preceding salts till it is con. 
verted into a pulverulent mass, then pulverising it, and treating it seven or eight times 
with cold water. It begins to give otf water at about 120° C., and nitrous fumes at 

250°. A hexmercuric nitrate, 6Hg"0.N*0® or 3Hg"0.Hg*N'‘'0", is obtained, according 
to Kane, as a brick-red powder by boiling tho triniercuric salt with water. 

Normal mercuric nitrate treated with ammonia yields a number of nitrates of luer- 
cummmoniums, already described (iii. 917, 920). 

Double Salts of Mercuric Nitrate, a. With Mercuric Cyanide.— 
Hg"(N0*)Cy.H-0. — Produced, according to' Besfosse, when a solution of mercuric 
nitrate is mixed with cyanide of potassium, and crystallises in white micaceous scales. 

J8. With Mercuric Iodide. IIg"N'-0*.HgI* (Louisville, E i g e 1) ; 2Hg"N*0“.IIg "I* 
(Preuss). — Obtained- by dissolving the iodide in a boiling solution of the nitrate; or 
by treating mercurous or mercuric iodide with nitric acid. White nacreous scales 
whicli are decomposed by water and by alcohol. 

Another iodonitrate, Hg"N‘-*0‘‘.2PIg"P, is obtained, according to Liebig, in small 
red crystaLs on mixing a boiling solution of mercuric nitrate with half as much iodide 
of potassium as is required for tho complete separation of mercuric iodide. Tho solu- 
tion filtered from these crysbils, mixed with a little nitric acid, and saturated while 
warm witli mercuric iodide, yields after some days, white silky needles of tho compound 
2Hg"N-’OMmg"l* 

All those mercuric iodonitrates are decomposed by water, the iodide separating and 
the nitrate dissolving. When heated, they melt, give off nitrous acid and a sublimate 
of mercuric iodide, and leave mercuric oxide. 

y. With Iodide of Silver, 2Hg"N^0*.4^I.H*0. Separates from a solution of silver- 
iodide in hot aqueous mercuric nitrate, in slender needles which are decomposed by 
water. 

3. With Mercuric Phosphate. This double salt is formed by mixing a solution of 
sodium-phosphate with excess of mercuric nitrate. 

e. With Mercuric Phosphide, 3(IIg"N*0MIg"0).ll'g’P*. Produced by pafising 
pbosphoretted hydrogen gas through a dilute acid solution of mercuric nitrate. After 
washing with w'ater, it forms a yellow powder, which must bo dried in a vacuum. It 
detonates with gi*eat violence when heated, less strongly by percussion ; also in chlorine 
gas, probably in consequence of heat developed by the chemical action which ensues. 

C With Mercuric Sulphide, Hg''N*0®.2Hg"S. Sulphydric acid gas passed through 
a solution of mercuric nitrate in quantity not sufficient for complete decomposition pro- 
duces a white precipitate which must be washed with water, and then dried ; if the 
washing is continued beyond a certain time, the compound begins to decompose and 
turn yellowish. An excess of sulphydric acid converts it wholly into black mercuric 
sulphide. It is likewise decomposed and blackened by aqueous carbonate of potassium 
or sodium. Hot nitrid acid decomposes it with formation of sulphuric acid. 
(H.Rose.) 

Mercurous Nitrates. The normal salt, (IIg*)"(N0*)®.2H*0, is formed by pro- 
longed digestion of metallic mercury in excess with cold moderately strong nitric acid, 
and separates in colourless, somewhat efflorescent, monoclinic crystals. According to 
Gerhard t and Marignac (Jahresb. 1849, p. 286), the same salt is formed whenth® 
liquid is moderately warmed ; it is best however to decant the solution as soon hs th® 
first violent action has domowhat subsided, and leave tho still liquid acid to crystallise 
by cooling. It sometimes, according to Gerhardt, deposits prismatic crystals of a 
silt, but these, if left in the liquid, are gradually converted into the normal salt, 
latter is soluble without decomposition in a small quantity of water, but a 
quantity converts it into a basic salt. When heated with water it is resolved 
nitric peroxide and mercuric oxide ; IIg*N*0* «■ 2HgO + 2NO*. 

Basic salts . — The above-mentioned prismatic crystals which sometimes Bepar||S^. 
according to Gerhardt, from the solution of excess of mercury in warm dilute 
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acid, aro most readily obtained, according to Marignac, when the crystals of tho normal 
salt are warmed in their mothcT-liquor, in contact with excess of mercury, and tho 
s<jlutioii is then left, to crystallise by cooling. (Tho following basic salt is oftori tbrniod 
at th«* same time.) Tho crystals aro colourless, shining, non-efllorosocnt prisms, 
belonging to the trimctric system. Gorhardt and Marignac obtained the saino results 
by the analysis ot these crystals; novertlicloss they are regarded by Gerhardt as 
]ig-().2lig“(N0^)'-.jr“0, and by Marignac as lJg"0.;}Hg*(NG*)-.ll-0. 

^Another l>asic mercurous nitrate, llg‘’0.irg-(N0'')=Mr‘0 (Gerliardt), 2ITg*0. 
.3Hg*(iN"G“)'.2ir*0 (Marignac), is obtained wlioii tho salt produced by the action of 
uilric peroxide! vapour on mercury is triturated with a small (piantityof water, and tho 
mixture then heated to boiling; also when normal im'reurous TiitraUi is suspended in 
water and tlio water heated to boiling; also, according to Marignac, when tho solution 
or im)tlier-li 4 U«)r of either of tho preceding salts is boiled for several hours with excess 
of mercury, the water being replaced as it ova.porates ; or when the crystals of either of 
tho prooeding salts are left to stand for several hours in contact with their iiiother- 
Jiquor and excess of mercury. The crystals are triclinic, permanent in tho air, colour- 
Jchs, hard and shining. (Gorhardt, Marignac, loc. cit.) 

L(!l’ort, by prolonged digestion of mercury in excc.ss w ith dilute nitric acid at 40® 
- 60"^, or by evaporat ing tho product of the action of strong nitric acid on excess of 
DM'rcurY t«) drynoss, and treating tho residue with boiling water, obtained a salt which 
b.iriiH'd lai-go prismatic crystals, perhaps identical with those obtained as above by 
bl.uiiardt and Marignac. Leforl, however, regards them as Hg'^0.ng-(N0'’)“.2H“0. 

JJy the action of cold water on the preceding salts, Gerhardt and Marignac ol)l;iined 
a liglit yellow powder consisting of Hg*0.Hg*(N0‘‘)-.ll'*0, as previously established by 
haiie. Gorhardt r( gards it as the above-mentioned tnclinic salt in the amorphous state. 

Mitscher licli has described another salt, Hg‘^0.2irg''*(N()‘Y, whicli is perhaps 
identical with the salt JTg'0.2ilg"(N0‘*)*.II‘0, obtained by Gerliardt {vi(L sup.). 
i^lilselicrlich obtained it by leaving cold dilute nitric acid in contact with excess of 
mcrcujy, till tho crystals of tho norniHl salt which form at first, dissolve and are 
replaced by others. Crystals of different form, but of the same composition (thero- 
fore d i morph OILS ), aro formed, according to Mitscherlich, w’hcii the normal mercurous 
salt is warmed w'ith mercurous oxide and water containing a little nitric acid. In this 
way, large limpid crystals are obtained which dissolve in a small quantity of water, 
bat are docompost'd by a largo quantity', either cold or hot. 

The solution of mercurous nitrate is precipitated by ammonia, yielding a black pre- 
cipitate of very variable composition, constituting tho so-called Mercurius solubilis 
Hahnemanni (iii. 920). 

JVlcuvurous nitrate forms double salts with the nitrates of barium, strontium and lead. 


TboW-M/;, 2Pb"N*0".[Kg'O.HgXNO’)’]or^^''|(^^’)“. is obtained, according to 

SUidclor, on mixing a moderately concentrated solution of mercurous nitrate with 
11 1 I rate of lead, as a white heavy precipitate consisting of microscopic octahedrons with 
cubic modification ; dilute solutions yield it in larger crystals having an adamantine 
lustre. It dissolves wdthout alteration in boiling nitric acid, but is decomposed by pure 
water. The barium- and strontium-salts are similar in fonn and composition. 

Mercuroso-mercuric nitrate^ Hg*0.2Hg"0.N-0» or (Ilg^rio^ is forraec by the 

(WT) 

gradual oxidation of mercurous nitrate; also when 1 pt. of mercury is bcAied with 
IJ pt. nitric acid of specific gravity 12 till completely dissolved (Witts tock). Ac- 
cording to Gerhardt (Jalirosbcr. 1849, p. 285), the light yellow salt which covers the 
hotter parts of the sides of the vessel in which mercurous nitrate is evaporated, consists 
ot this mercuroso-mercuric salt; the same chemist obtained it, with ©volution of nitric 
tjxide, by fusing normal mercurous nitrate. 


Nituates of Molybdenum. — Molyhdic nitrate is obtained in solution by satu- 
^ting nitric acid with molybdic hydrate, or by digesting metallic molybdenum in 
dute nitric acid. It cannot be obtained in the solid state, as the solution when con- 
^®yo“d a certain point, gives off nitric oxide and leaves molylxiic acid. 
Molybdous nitrate is obtained by dissolving molybdous hydrate in dilute nitric acid ; 
1 uie hydrate is in excess, a basic salt is formed. The solutions are very unstable 
ana quickly decompose, depositing molybdic add, (Berzelius.) 

or nitrate of molybdio acid is obtained by dissolving molybdic 
anhydride in nitric acid (iii. 1037). • • . 

of Niokbl lli' 0.N*0*.6H»0 orNi”N»0*BH*0.— Emerald-green eight- 
VoL^lV*'^* — nionoclinic, accordinjg to Marignac,— -which effloresce in dry and de- 
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liqucsco in moist air, dissolring in 2 pts. of cold water, also in alcchol, and ^bcn 
heated leave a yellowish-green pulverulent basic salt, then peroxide, and finally 
protoxide of nickel. 

An ammoniacal nitrate of niekely Ni"N'0®.4NH®,II-0 (or 2H‘''0 according to 
] N"* • 

Laurent) = Il‘* ,-^ 3 , is deposited in octahedral crystals, from a warm con- 

(N0‘)*) 

centratod solution of nickel nitrate in ammonia. The crystals when exposed to the 
air, give off ammonia and crumVdo to a bluish-white powder (Hrdinan, Gendin's 
Handbook^ v. 381), — This salt unites with chloride of nickel -ammonium, forming 
rather largo azure-blue octahedrons of the double salt, ()(Ni"N'‘‘0‘*,4NIP.H*0) + 
GNir.NiCl" (It. Schwarz, J. pr. Ciiem. li. 319; Jahresb. 1850, p. 331). 

Nit RAT K OF Osmium. Os"NW. — O smious hydrate dissolv-'s with green colour 
in cold nitric acid, and tlio saturated solution dries up on evaporation to a green 
transparent varnish. (Berzelius.) 

Nitrate of Pallahtum. Pd"NW. — Cold nitnc acid slowly dissolves palla- 
dium, without evolution of nitric oxide, the licjuid becoming charged with nitrous acid ; 
if the liquid is warmed, solution takes place more quickly, with jjvolution of nitric 
oxide. The brown solution evaporated to a syrup, and then left over oil of vitriol, 
deposits long narrow rhombic prisms, of brown-yellow colour, and very deliquescent. 
From a dilute solution, the whole of the palladium is griidually deposited in the form 
of a basic salt. By evaporation between 100'^ and 120° also, the normal salt is 
almost wholly converted into a basic salt. If tlie solution is evaporated at a lowtcm- 
poraturo, {imi the residual salt treated with water, a turbid solution is obtained, and a 
basic salt romains behind, which according to Fi.seher, is com})letely converted into 
oxide by heating to 120^ — 130°. For tlie basic salt precipitated from the solution of 
the normal salt by w'ater or by a small quiiutity of potash, Kano gives the formula 
4Pd"0.N^()\4]r-0. 

The nitrates of tho palladammoniums will bo described under Palladium-bases, 
Ammoniacal. 


Nitrates of Platinum. Platinic Nitrate, Pt0^.2N*0* or Pt*'(NO’)*, is 
obtained by dissolving platinic hydrate in nitric acid, or better by decomposing tho 
sulphate with nitrate of barium, or by mixing the chloride with nitrate of potassium 
as long as a precipitate is thereby produced, a third of tho platinum present, being 
tliereby converted into platinic nitrate. The decanted dark brown liquid yields by 
evaporation, a mass of tho thickness of honey, which, after evaporation to dryness, 
dissolves only partially in water, leaving a basic salt. 

For the nitrates of the platinammoniums, see Platjnum-bases, Ammoniacal, 
Poiassio-platinic nitrate, — ^When caustic potash is added to a solution of platinifl 
nitrate, only half the base separates as hydrate, tho re.st. as a basic double salt of much 
lighter colour than tho hydrate. Sodw-jdaimic nitrtftv is known only in solution. It 
is formed by decomposing sodio-platinic chloride witJ] hydrate of sodium, at a heat 
below redness, washing out tho re.sulting chloride of sodinni with water, and dissolving 
the residual sodio-platinic oxide in nitric acid. Tho dark yellow solution yields, willi 
nitrate of silver, a yellow precipitate soluble in nitric acid. (Doberoin er.) 

Platinous nitrate . — Platinous hydrate dissolves in dilute colourless nitric acid, 
and tlie green-brown solution di’ies up to a viscid, gi’oeniab, dark brown mass, in which 
platinic oxide is gradually formed at the expense of the nitric acid, and more abun* 
dantly as tho acid is in greater excess. (Berzelius.) 

Nitrate of Potassium. KN O’. Saltpetre, NiirCy Prism atic Snltpetre, Potash* 
nitre, Nitrum fixum . — This salt is very widely diffused as a natural product, occurring 
constantly, tliough in small proportion only, as a constituent of vegetable soil, and 
according to Boussingault (Corapt. rend. xliv. 108-119) of spring and river watei*. 
It is never found in large beds like nitrate of sodium; but veins of it occur in thi 
sandstone of Bradford County, Pennsylvania (Ellet, Edinb. Phil. J. Ivii. 367). 
chalk and other recent calcareous formations are particularly ricK in saltpetre. On 
the banks of the Seine, near Roche-Guyon and Mousseau, there are several caves 
which are used as stables ; in the front parr, of these caves, looking towards the south/ 
the saltpetre accumulates, especially during the summer season, and in such quiintity 
that it is collected severid times in a year, and continually reproduced. Lavoisier 
in the earth taken from the cave of Fouquiferes, ^ per cent, and in that of Mousseait ^ 
per cent, nitrate of potassium, after the aqueous extract of the earth had bceii 
with potash to convert the nitrates of calcium and magnesium into nitrate of potaw^w* 
The saltpetre caverns of Ceylon, which are natural caves in a dolomitio rock 
tainiug felspar, are of especial importance. Som^ of these ^ves, like that of 
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wcllegode, aro the resort of large flocks of bats, whose excrement collects in them : in 
others, as in that of Memoora, there are none of those animals. Davy found, in a 
specimen of rock from this ciivo, 2*4 per cent, nitrate of potassium, 0*7 nitrate of ’mug- 
uesiuin, 0*2 sulphate of ma^esium, 26‘5 carbonate of calcium, 0-4 water, and 60-8 of 
i^sidue insoluble in dilute nitric acid, and consisting of quartz, mica and talc. Similar 
caves arc found to exist on the coast of the Adriatic, in Ibily (Palo di Mofetta) 
in Tennessee, Kentucky, on the Missouri and Crooked Rivers in Nortli America in 
Africa, and in Tcneriflfe. * 

In South America, and in some districts of India, Arabia, Persia, Spain, and Hun- 
gary, the mode of occurrence of saltpetre is somewhat different. In these districts, 
nitrates are found widely disseminated through the soil, but never extending to any 
great depth below the surface, not lower, indeed, than the air can easily penetratff. 
The irifiltration of rain and dew dissolves these salts, and the solution rising to the 
surface by capillary action, is evaporated by the action of the sun and air, and forms 
an efflorescence on the surface. In Bengalese saltpetre earth, from the* district of 
TirhAt, Davy found 8-3 per cent, nitrate of potassium, 3*7 nitrate of calcium, 0-8 sul- 
phate of calcium, 0*2 chloride of sodium, 3o*0 carbonate of calcium with traces of 
magnesium, 12*0^ water with a little organic matter, and 40*0 njatter insoluble in 
nitric acid. The'soil in some parts of Spain is also impregnated with saltpetre as in 
Now Castile, Arragon, Catalonia, La Mancha, Granada, &c. ’ 

TIic formation of nitric acid in these several localities is in all probability due to 
the oxidation of ammonia (p. 83); for the production of saltpetre is always found to 
tak(^ place most abundantly wliero there is a large quantity of vegetable or animal 
matter in a state of putnfaelion, or where the air contains a considerable quantity of 
imnnonia result ing from such decomposition. Hence it is that the quantity of salt- 
petre naturally produced in tropical climates very far exceeds that which is formed in 
jauopc, tlie luxuriant vegetation of the tropics supplying a nover-fliiling source of am- 
monia wliiJo the high tmnporature and the moisture of the air facilitate its oxidation. 
An indispensable condition, however, for the formation of nitrates in large quantity is 
the presence of alkaline or earthy bases to flx the nitric acid as soon as it is fornmd; 
in Ibe absence of such bases indeed, and under the reducing influence of organic matter^ 
mfrie acid already formed may bo reconverted into ammonia: hence the non-pro- 
ducliqn of nit rates in dung-heaps, where earthy matters are not present. ^ 

'rh is theory is quite in accordaiico with the conditions which are found essential to 
t 10 nrtihoial production of saltpetre in temperate climates, as in the saltpetre plantations 
aln ady described (^i. 83), these conditions being an abundant supply of ammonia the 
presence of t^arthy and alkaline bases, free access of air, and a mean temperature not 


The solution obtained by lixiviating the saltpetre-earth thus formed consists as 
already observed, chiefly of tbo nitrates of calcium and magnesium, with smaller 
quant ities of the nitrates of potassium and sodium, besides alkaline chlorides. It is 
ircntccl with carbonate of potassium (potashes) to convert the earthy nitrates into 
nitrate of potassium, which is deposited in an impure state from the filtered solution 
ny crystallisation. 

Natural saltpetre-earth is treated in a similar manner with wood-ashes, when the 
earthy nitrates predominate in it; that of Bengal however, which is rich in nitrate of 
potassium, does not require this treatment, the saltpetre being extracted from it merely 
Dj Jixiviation, boiling and crystallisation. ^ 

saltpetre thus obtained is contaminated with the chlorides of potassium 
extractivp^^n, the amount of 25 per cent.) besides organic (so-called 

in Ih remove these impurities, which are exceedingly objectionable 

f saltpetre whether for the preparation of nitric acid or the 
anutacture of gunpowder, the crude saltpetre is subjected to a refining process, 
uflrt <?hloride of sodium, which always constitutes the greater 

present, and is much less soluble in boiling water than nitrate 
Ir/rr”’ “ treating the crude saltpetre with a quantity of boiling 

of tliB eM to dissolve the whole of the nitrate of potassium, but not the whole 

6 Dei cent bM® 0^ ‘h® crude salt containing 

12 1 cttlciuni and 14 per cent, chloride of sodium to be treated with 

I uu lbs. of boihng water; the solution wiU then take place in the following manner: 

vJThe 12,000 lbs. of water are 
capable of divBolrlnff 
atlOO®: 
lbs. 

360 . . 684 

840 . . 324 

4800 . . 4800 


Chloride of potassmm 
Chloride of sodium , 
Nitrate of potassium 


H 2 


6000 



100 
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Tliore will then remain, wlien the water lias ceased t.o act, 840 — 324 « 616 lbs. 
of chloride of .sodinm iindissolved. This residual salt is scooped out of the pan, and 
the solution, after being diluted to a certain extent, is boiled with glue, to coagulate 
the oxtractivi! matters and cause them to rise :is a scum to the surface. This having 
been removed, the eoneentrated solutum is Iransferred to tlio crystallising pan, in 
whieli it is left to eoul, ami as soon as crystallisation begins, tlie liquid is eoiistantly 
stirred, so as to prt'vent tlui hjrmation of large crystals (wbieh would ineloso consi- 
derable quantiticis of mother-liqiu)r in their cavitii's ) and eause the uitralo of potassium 
to separate out in the form of a crystalline ptnvder called mliju tre-Jhmr. 13y this 
means, a mass of minute crystals of nitrate of potas.sium is obtained, merely contami- 
nated with adlioring mother-liquor, wliich is easily removed, partly by drainiug, and 
finally by w’asliiiig with a saturated solution of pure nitrate of potassium, which, though 
unable to take up any more of that salt, is still capable of dissolving the alkaline 
chlorides contained in the adhering mother-liquor. It then only remains to dry the 
purified saltpetre by Inait. 

Production of JS'itrate of PotaRsinw. from Chile Snltpctrp. — ^Nitrate of sodium ia 
easily converted into nitrate of p »tassinm by ad<ling it to a iiot concentrated solution 
of carV)onat:e of potassium. An iminediale precipitation of carbonate of sodium takes 
place, and if this be removed as long as it continues to separate on further eva|:)oratiou, 
and the remaining solut ion left to cool in the crystallising pans, .saltpt tre-jUmr is 
obtained, which nu'rely requires washing and drying as above described to render it 
pure. 100 Ihs. of nitrate of sodium require, according to the purity of the salt, from 
80 to 100 lbs. of carbonate of potassium. 

This mode of preparation is much easier than those already described, and in 
loealilies wlnire potiisli is not too expensive, is now exb'nsively adopted. The chief 
diiliculty experienced in carrying it out arises from tlie presence of common salt in 
Chile .saltpetre : for if more potash bo added than is required to decoitqjose the 
nitrate of sodium, the excess decomposes chloride, of sodium to no purpose ; and in the 
contrary ease, the product is likely to bo eonturninated with nudoeoTuposed nitrate (if 
sodium. The best way of averting this inconvenience is to purify the nit rate of sodium 

previous crystallisation. 

Some manufacturers render the potash caustic by means of lime before mixing it 
with the nitrate of sodium, and after keeping the mixed solution in a stat(^ of ebullition 
for some time, leave it to cool slxjwly iti a eloseci vessel. Nitrate of potassium then crys- 
tallises out, and caustic so<la remains in solution. 

In Belgium, large quantities of saltpetre are obtained by decomposing nitrate of 
sodium with potash obtained from the ashes of the beet-root sugar manufacture. The 
nitrate of potassium from this source is very jmre, and is produced at a \ery low price. 

Nitrate of sodium may also be coiivertod into nitrate of potassium by double deeom- 
po.sition with chloride of potassium in equivalent proportions (747 pts. KCl to 85 pts. 
of NhNO*). On evaporating the mixed solution, cliloride of sodium separates out first, 
while nitrate of potassium remains in the motlier-liquor, and crystallises on cooling. 

Properties . — Nitrate of potassium is dimorphous. It usually crystallises from con- 
centrated aqueous solution in long six-sided prisms belonging; to the trimetric system, and 
frequently exhibil ing the combinat ion ceP . caI’oo . 2L'co .I^co . P (fig. 268, Ckystallo- 
ORAfiiY, ii. 147),orthe same withoutPoo ; also witlioutP. The combinations P . 2Poo , 
ocP . odPzo , and P . 2f’ GO likewise occur. Ilatio of axes a : b : c = 0‘589 : 1 : 
0701. P : P in the hrachydi agonal principal section — 131® 27'; (rnacr.) = 91® 29'; 
(basal) = 108® 12' ; ooP : exP « 61® 0' ; Poo : fao (basal) - 70® 4' ; 2Poo ; 2Pco 
(basal) «=« 109. Cleavage imperfect parallel to ooP ; somewhat easier parallel to Pgo . 
Specific gravity, - 2-il (lyopp) ; 2-1006 (Karsten) ; 2-100 (Schiff); 2*086 
(Schroder). The crystals are anhydrous, but often contain mother-liquor inclosed- 
in their cavities. Nitrate of potassium also crystallises in rhnmbohedral forms resem- 
bling ordinary calcspar. F r a n k e n h e i m (Pogg. Ann, xcii. 354 ) observed that when a 
drop of saltpetre solution is left to evaporate under the microscope, rhombohedral 
crystals make their appearance, together with the ordinary prismatic crystals ; if thf 
evaporation takes place very slowly, the crystals are almost wholly rhombohedral, apd 
these if touched with a prismatic crystal, immediately become turbid and are convert^ 
into a mass of prismatic crystals. On the other hand a prismatic crystal of saltpetre 
may be converted into a mass of rhombohedral crystals by heating it nearly to 
melting point. All these phenomena may be very distinctly observed by means df 
the polarising microscope. / 

Nitrate of potassium ia white, inodorous, and has a cooling bitter taste. "WTi^ 
perfectly pure it dissolves, according to Gay-Lussac, in 7^ pts. water at 6®, in 
3^ pts. at 18®, in Ij pt at 46®, in less tha«i } pt. at 90®, and in 0*4 pt. at XOOlS,'. 
According to H. Sell iff (Ann. Ch. Pharm. evii. 293) the Specific gravities of 
solutions of nitrate of potassium of various stn'ngtHs are as follows ; * ’ 
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Weight of KNO» 
in 100 pt«. of 
solution. 

21-93 

16G2 

11-08 


Specific gravity 
oi solution 
at 21®. 
1-1683 
1-1073 
1-0695 


Weight of K 
in too prs. of 
soliitinn. 
8-31 
0-54 

2-77 


Sppcinc gravity 
of solution 
at 21°. 

1-0510 

1-0337 

1-0170 


According to Kromers (Jtihrosb. 1861, p. 61), the specific gravity at 19*5*^ of solution 
of saltpetre containing 12-7 per cent, of saltpetre, is 106)5; of a 23-7 per cent, 
solution, 1*1275. It is sparingly soluble in aqueous alcohol, quite insoluhle in absolute 
alcohol. — Schiff {ibid, p. 87) has made the following detenninatioiis of tlie solubility 
of nitrate of potassium in spirits of wine of various strengths: 


■WeiKht of aniiydrous 

Weight of KN03 

W‘ ciglit of anhydrous 

W'oightof KN03 in 

alcoliol in 100 pts. 

in 100 pis. of solution 

uk'oiiol in 1(X) pts. 

100 pts. of soluiinij 

of spirit. 

satur.itetl at 15°. 

of spirit. 

suturati'ii Hi 15^. 

0 

20-5 

-lO 

4-3 

10 

13-2 

50 

2-8 

20 

8-5 

60 

1-7 

30 

6-6 

80 

0-4 


(S<‘e further, Storer*s Dictionary of Sohdnlities, p. 389.) 

Nitrate of potassium melts below a red heat without h>s9 to a colourle.ss liquid, which 
solidifies on cooling to a w-liito opaque fibrous mass culled iu eommcrco Mineral 
cry-dal, Nit rum tabtdatum, Salpruneiltc : the eomniercial product often however contains 
nitrite of pota.ssium, in conHccjuciiee of loo much heat having been employed in tlio 
fusion. At a 7’ed lnuit, sallpel re gives olf oxygen gas, at first tolerably pure, but after- 
wards (‘onta mi judg'd with a continually increasing quantity of nitrogen, and is thereby 
converU'd first into nitrite, then into a mixture of protoxide and peroxide of potassium. 
8allj)<'tro dellagriites in the fire with charcoal and otlier cornbiistiblo bodies; as 
sul].ihm\ phosjihorus, iron, zinc, iJtc. ; and even oxidises gold, silver, and platinum, 
by ignition in contact with copper foil, it is converted into nearly pure protoxide of 
pof.iissium, which wdien dissolved in w’ater, yields caustic potash. Iron, at a red heat,. 
ilecompoKes t he saltpetre quite a.s easily a.s copper, but the product is coiitaminat^iifc 
wiili the tbreign substances present in the iron. (\V ohlor, Ann. Ch. Pharm. Ixxxvii. 
373.) - 

On the oxidising pow-er of saltpetre at a red beat depends its use in the rnanufactiiro 
of giiiipowder (ii. 956), and other explosive mixl ures. It is fr(‘([Uontly also employed 
in tile pre])aration of lucifer matchrs instead of chlorate of potassium, and has tlie ad- 
vantage of producijig a composition which ignites by fri(!t ion without the inconvenient 
ami t.langerous projection of burning particles, which often takes place on the ignition 
of ordinary matclies made with the chlorate. 

Vidiufiion of SaUpfire. — For the various applications of saltpetre, and e.specially for 
the manufacture of gunpowder, it is important to po.sse.ss a ready method of ascei’taining 
its rclative'f)urity. One of the oldest methods is that of 8ch war/., adopted in Sweden, 
which is bii.sed upon the appearance of the fractured surface of the melted salt, that of 
puie niti’ate of potassium being coarsely radiate, whereas when chloride of sodium is 
present, this struetui*e becomes less distinct, and with 3l per cent, of that salt, is visible 
at tlie edges only, the interior of the mass being amorphous. This crude method is 
called the n fraction of saltpetre^ a term which has been somewhat strangely extended 
to other methods of valuation. In Franco K iff an It’s method is sometimes u.sed, 
whicli consists in washing a w'ciglied quantity of the saltpetre with a saturated solution 
of pure nitrate of potassium at 16® ; this solution extracts the chlorides, leaving the pure 
nitraie, wliich is drained from mother-liquor on slabs of gypsum, then dried and 
Weighed. This method, like the preceding, can give only rough approximations. 

A more fjxact method is that of Glay-Lus sac, which consists in igniting 1 pt. of 
the salt petre wdth ^ pt charcoal and 4 pts. common sjilt to moderate the action. The 
nitrate is thereby converted into carbonate, tlie amount of which can be estimated by 
titration w'ith standard sulphuric acid. Errors may however arise iu this process, partly 
from a portion of the nitrate remaining undecomposed, partly from formation of cyanide 
of potassium; but according to Abel and Bloxam (Chem. Soc. Qu. J. ix. 97), ex- 
act re.sults maybe obtained by the use of very finely divided cai-bon, hamely Bro die’s 
prepjired graphite (i. 758), the proportions being 20 pts. saltpetre, 5 graphite, and 80 
sodium. If the saltpetre contains sulphates, which wdl be reduced to sul- 
phides by ignition with carbon, a small quantity of chlorate of potassium must be 
sprinkled on the sirnface of* the mass immediately after removal from the fire ; the sul- 
pnidcs will be thereby completely reconverted into sulphates. 

ihe quantity of nitrate of potassium in a e»iiti{)le of commercial saltpetre may also 
hf estimated by Pelouze* s method, depending on the oxidation of ferrous chloride by 
nitric acid (p. 87), or by igniting the salt|>etre with silica or anhydrous borax (p. 86). 
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In Austria, saltpetre is assayed by the method of Husz, founded on the vaiying so- 
lubility of nitrate of potassium in water at different temperatures. 6 oz. of the saltpetre 
to bo tested are dissolved in 12 oz. of water at .50*^0., and the temperature is observed 
at which the liquid just begins to deposit crystals. Tho percentiige of nitrate of potas- 
sium is then determined by tho following table, the results not being affected by the 
presence of chlorides. 


Crystallising jioints of solutions of Nitrate of Potassium of various degrees of 
concentration. 


Tempom- 

ture. 

Reaumur. 

Quantity of 
pure siiltpetre In 
iuo parts of tiie 
solution. 

Quantity of | 
pure saltpetre in 
lOO parts of the 
sample. 

Tempera- 

ture. 

Reaumur. 

Quantity of 
pure saltpetre In 
101) parts of the 
solution. 

Quantity of 
pure saltpetre in 
100 parts t)f the 
sample. 

+ 8® 

22-72 

65-7 

+ 14-25® 

30-00 

76 

8*25 

22-53 

56-3 

11-50 

30-36 

76-9 

8-r)0 

22-80 

57*0 

14-75 

30-72 

76-8 

8-75 

23-08 

57*7 

16 

31-09 

77-^ 

9 

23-36 

68*4 

15-25 

31-46 

78-6 

9 -25 

23-04 

69-1 

16-50 

31-83 

79-6 

9-50 

23-92 

69-8 

15-75 

3-2-21 

80-5 

9-75 

24-21 

GO-5 

10 

32-59 

81-5 

10 

24-51 

61-3 

. 16-25 

33-97 

82-4 

10-25 

24*81 

62 

16-50 

33-36 

83-4 

10-50 

25-12 

62-8 

16-75 

33-75 

84-4 

10-75 

25-41 

63-5 

17 

84-15 

85-4 

11 

25-71 

64-3 

17-25 

31*55 

864 

11-25 

2602 

65 

17*50 

34-90 

87-4 

U*o0 

26-32 

65-8 

17*75 

35-38 

88-4 

^ 1V75 

26-64 

66-G 

18 

35-81 

89-5 

^ 12 

26-96 

67-4 

18-25 

86-25 

90-6 

12-25 

27-28 

68-2 

,18-50 

36-70 

91-7 

l2-5() ^ 

27’61 

69 

18-75 

37-15 

92-9 

12-75 

27-94 

69-8 

19 

37-61 

94 

13 

28-27 

70-7 

19-25 

38-01 

05-2 

13-25 

28-61 

71-5 

19-50 

38-55 

96-4 

13-60 

28-95 

72-4 

19-75 

39-03 

976 

13-75 

29-30 

73-2 

20 

39-61 

98-8 

14 ' 

29-G5 

74-1 

20-25 

40 

100 


, / According to F. Tool (Ann. Ch. Phann. c. 78) Hus/Zs method gives exact results 
only wh^ 40 pts. of the saltpetre to be tested are dissolv(*d in exactly 100 pts. of water 
at 46*^ -R. (56| C. or F.), tho solution siibsoquontly cooled by immersing the vessel 
in.CC^d water, and tlio ternporaturo at which crystallisation begins, carefully observed, 
tho solution being constantly stirred as it cools. To ensure the right proportion, the 
saltpotro is dissolved in the proper quantity of water contained in a tared beaker glass 
with a thermometer inserted, and heated to 45° — 60® in a water-bath, tho water 
which evaporates while the salt is dissolving being replaced. The solution is filtered 
to remove any solid particles suspended in it, which might cause the crystallisation to 
take place too soon, and the first half which runs through is used for observing thO 
temperature at wdiich crystallisation begins. With 10 drachms of saltpetre and 2fi 
drachms of wat er, the quantity of water which evaporates during the operation gene- 
Killy amounts to 8 or 10 grains, and that which is lost during the cooling and stirring 
to 2 or 3 grains. 

By this method, Toel and Hoyermann also dotormine the amount of nitrate of sodium 
in nitrate of potassium, an impurity which generally exists in the salt prepared 
Chile saltpetre, in consequence of imperfect decomposition. The amount of nitrate o| 
potassium is first determined in the given sample, exactly in the manner just described! 
then about 7^ drachms are dissolved in 25 drachms of .water, a drachm of carbonate tf: 
potassium is added, the crystallising point is observed, and the solution is boiled ■ 
for an hour to convert tho nitrate of sodium completely into nitrate of potassium. Tfe 
solution is now left to cool to 60® R., the water being replaced as it evaporates, 
filtered, and the crystallising point again observed. If the sample contained nitratejf^ 
sodium, the crystallising temperature will now be found higher than before, viz.4)*l®i; 
R. for 1 per cent, of nitrate of sodium, 0*36® R. for 2 per cent., 0*8® B. for 8 per 
and r66® R. for 4 per cent. 
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The amount of nitrate of sodium in saltpetre mnyalso be approximately determined 
by ascertaining the quantity of water which it absorbs when exposed to an atnjospheno 
saturated with moisture. According to the observations made by the Prussian officers 
of artillery, it ai)pears that pure nitrate of potassium exp<)spd over the surfM(*e of water 
for fourteen days, remains comparatively dry, whilst nitrate of sodium placed under the 
same circumstances, absorbs 25 per cent, of water. When artificial mixtures of the 
two salts in a pure stat^, are subjected to the same treatment, the quantities of water 
absorbed are as follows : 


Mixture with pcrccntugof 
of nitrate of sodium j 

Oo 

1 ^ 

3 

1 

5 

1 

10 


Absorbed in 14 days 

2-5 

4 

10 

12 

19 

Water, per cent. 


All gunpowder containing this variety of saltpetre W'ould, of course, become moist 
in tlie same proportions, and would thus be rendered useless. 

A third method of determination is based upon tlie alteration wlvicli an admixture 
of nil rate of sodium produces in the solidifying point of saltpetre heuted alnne its 
melting point. Nitrate of potassium melts at 358° C. (674-‘t° F.), and nitrate of 
sudiuui at 313° C. (5‘J5'4° F.). For mixtures of 100 pts. nitrate of putassimn with 
diiferont proportions of nitrate of sodium, the following melting points have been 
observed. 


Qiiantitic'S of 
i<aN(P added 

10 HKl pis, 

KNO'. 

Mo’.ting points. 

Quantitif-s of 
NhN(F added 
to KK) pts. 
KN03. 

Melting points. 

10 pts. . 

. 311° 

J. «= 591*8 °F. 

60 pt.s. . 

. 229° C. 444*20 F. 

20 „ . 

. 280 

= 586 

60 „ . 

. 244 = 471*2 

30 „ . 

. 250 

= 482 

70 „ . 

. 262 « 6()3*() 

40 „ . 

. 230 

= 446 

80 „ . 

.281 « 637*8 

15 7 „ . 

. 22G 

s= 438 

90 „ . 

. 298 =: 568* 1. 


The lowest melting-point is exhibited by a mixt ure of tlie two salts in equivalent 
l^rr)|>ortioiis (457 per cent, of nitralxj of sodium), which, according to SchaffgptsCh, melts 
at 220° C., and according to Person at 219*8°. 

Small quantities of nitrate of sodium mixed with nitrate of potassium ijitny bo de- 
teeted liy tlie yellow colour wliich sodium-compounds impart to the blow'pige flapo, or 
still bolter by s|)cctral analysis (iii. 622). . 

Small quantities of chlorides sometimes present in refined saltpetre are easily do- > 
t e(;t( d l>y nitrate of silver and estimated by means of a stamlard solution of that salt, 

Prrsoz's iiHthod for the cowfltle. anaiyjfis of Saltpetre (Hep. Cliim. app. 1861, pp. 
253, 3G0). — Tile quantity of W’ater is first detoriniiied by heat ing 60 grms. of the salt- 
petre in a platinuri.' crucible, and weighing it after eooling, care being taken that tho 
iieat does not rise much above the melting point. If the saltpetre contains nitrutO' of 
cideinm or magnesium, 1 grm. of dry cliromato of potassium must be added, to pretdut , 
tliC decomposition of these salts. 

To determine the insoluble matters, tho fused mass is treated with water, the liquid 
filtered, and tho undissolved matter washed, dried and wxighed. The liquid is then 
e-oncentratod to a determin.ate volume, N, The chlorides are estimated in this solution 
I'y means of two standard silver' solutions, one containing 27 grms., the othfir 2 7 grms. 
of silver in a litre. A cubic centimetre of the former corresponds to 0*01466 grm. of 
chloride of sodium, or to 0*01864 grm. of chloride of potassium. 

The sidphates are likewise estimated volumetrioally by means of a standard 
Solution of chloride of barium, containing 259’8 grammes of this salt in a litre, and 
therefore corresponding to 0T79 gramme of sulphate of sodium or 0*208 gramme^ of 
sulphate of potassium. To make the determination, 200 cubic centimetres of the solution 
N, are mixed with a few drops of acid in a platinum dish, then heated to boiling, and 
the standard solution is' cautiously added in slight excess. Tue saltpetre solution N is 
then gradually added from a burette to the liquid contained in the dish, till the excess 
of the baryta- solution is decomposed and the whole of the baryta precipitated. ^ This 
last operation is rather tedious, because the liquid does not easily clarify, and it is ne- 
cessary to filter a sample fqpm time to time. From theproportion between the total volume 
of the liquid N used in the experiment^ the volume of baryta-solution present, the 
amount of sulphate in tho saltpetre may be calculated. The nitric, acid is estimated 
by Igniting the fused saltpetre with addehrOmate of potassium, the loss of weight giving 
the quantity of nitric anhydride ; or the estimation may be made by any of the methods 
already given for the analysis of pitrates (|^. 86-89). 
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NifBATE OF Rhodium. Sesquioxide of rhodium, or the corresponding hydrate 
forms with nitric acid a dark red solution wliich yields a deliquescent salt of the saim 
colour. Sodio-rhodic nitrate^ NaRh"'N^O** forms dark red crystals, easily soluble ii 
water, in.soluble in alcohol. (Berzelius.) 

Nit KATE OF Ru imdium, RbNO®, crystallises in hexagonal combinations, P ,ooP 
P2 . ooP2, in which tlm length of the principal axis is 0-7079, and the angle P : P, ir 
the terminal edges = 143^ O', in the lateral edges = 78® 40'. It dissolves in 5 pt« 
water at 0®, and in 2 3 pts. at 10®. Behaves like saltpetre when heated. (Kirchofj 
and Bunsen, Phil. Mag. [4] xxii. 55.) 

Nitkate OF SiDVRK. AgNO=*. JAinar caustic. Tjapis infernal is. Holhnstein, 
— When a piece of pure silver is sii.spended in nitric acid, it dissolves for a time witlF 
out ofTervesconco at a low temperature, nitrous acid being produced, which colours the 
liquid blue ; but if heat be applied ()r the tcrnpeniture allowed to rise, the metai 
dissolve.s with violent efrcr\'‘esccnce, from the escape of nitric oxide. The nitrate oi 
silver crystallises on cooling in colourless anliydrmis crystals helougiug to tlie trinietric 
system. Ratio of axes, a \ b : c = 0 'i)433 : \ : 1-370. P : P (brachyd.) « 104® 18'- 
(macr.) = 98® 51'; (basal) 126® 48'; oof 2 : 00^2 (basal) -= 50® 30'. Ordinary 
combination P . oP . ooP2 ; often witli four P-faee.s lying in the sanic zone, much 
developed tliat w'ith the t wo basal faces oP, they giv<^ the crystal the aspect of n six- 
8id(Hl ])ri.sm. Nitrate of silver is soluble in 1 part of cold, in part of hot water, and 
in 4 parts of boiling alcohol. The solution docs not redden”litnms paper like most 
metallic salts, V»ut is exactly ritmtral. Nitrate of silver melts at 219®, and forms a 
crystalline mass c)n cooling ; it in cast into small cylinders for the use of surgeons. In 
this state it i.s sometimes adulterated with nitrate of potassium, wliieh may be detected 
by the alkaline residue wliich the salt then leaves wlnai lieated Ix'fon; the blow-pi fx»— 
or with nitrate of lead, in M-liich ca.se the solution of the salt is precipitated by iodide 
of potassium, of a full yellow colour. When applied to the flesh of animals, it 
instantly d(\stroys the organisation and vitality of the jiart. It forrn.s insoluble com- 
pounds with many kinds of animal matti-r, and is employed to remove it from solution. 
When organic substance.s, to which a solution of nitrate of .silver Iia.s been applied, are 
exposed to light, they become black from the reduction of the silver to the inidalhe 
state. A solution of nitrate of silv<;r in ether is employed to dye the hair black. Quo 
part of nitrate of silver and 4 parts of gum arabic di.ssolvtMl in 4 parts of water and 
blackened witli a small quantity of Indian ink, form tlu? indelible marking ink used 
for writing on linen (iii. 272). 

Ammonio-nitrates of Silver . — A strong solution of silver-nitrate supersaturated with 


ammonia yields the compound AgNO*.2NIP 


Ag 

N02 


in shining rhombic crystals, 


exhibiting tho combination cop . ool^oo . I^oo . It is very solnldo in wafer, permanent 
at 100®, but deoompo.ses at a higher temperature, giving off nitrogen and ammonia. 
Dry nitrate of silver absorbs ammonia-gas in such proportion as to form tho com- 

pound AgNO*.3NII‘ — jNO* ■ , which is a while coherent mass, soluble in water and 


giving off its ammonia when heated. 

Double Salts of Silver-nitrate, a. With Cupric Cyanide. — Formed, ac- 
cording to Berzelius, when a solution of silver-nitrate is poured upon cupric cyanide 
recently precipitated from the nitrate. It is black, insoluble in water, and deflagrates 
with a green light. 

jS. With Mtrcuric Cyanide. 2AgN0llIg^'Cy*.4TI*0. — Crystallises from a -wam 
mixed solution of the two salts, in large, limpid, nacreous prisms resembling saltpetre, 
sparingly soluble in cold, easily soluble in warm water and alcohol. (W ohler.) 

y. With Mercuric Kitrate. Hg"N‘*0*2AgN0*. Ihisms soluble in water without 
decompo.sition. ( W o h 1 e r. ) 

8. With Broniid,eof Silver. AgNO^AgBr. — Formed by melting the component salts 
together in atomic proportion. Solidifies into a crystalline mass at 182® (Schnaus^ 
Krem ors, Jabresb. 1865, p. 419). According to Riche {ibid. 1858, p. 207) and Biss® 
ifhid. 1859, p. 229), it separates in silky needles from a solution of bromide of silvelf 
in a hot concentrated solution of the nitrate. 

€. With Chloride of Silver, Separates in slender prismatic needles from a soluti(4i 
of the chloride in a hot saturated solution of the nitrate. (Risse.) ' 

C With Cyanide of Silver. AgNO*,AgCy. — When recently precipitated cy&m6.00: 
silver is disRolved in a boiling, concentrated solution of the nitrate, this double salt^l* 
deposited on slow cooling in slender needles having a strong lustre. It is decompoSi® 
by water, melis when heated, and then detonates with great force, leaving silver 
taining cyanogen. 
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With Iodide of Silver . — The compound 2AgNO®.AgI separates in nacrccns 
oedle-shaped crystals from a solution of iodide of silver in a boiling concentrated 
”olation of the nitrate (Wei tz i en, Ann. Ch. Pharm. xcv. 127). According to H. Ri ss o 
f labresh- 1859» p. 228), it is best prepared by melting the component salts together in 
the required proportions, treating Uie resulting mass with a little boiling water, and 
the oily body which settles to the bottom to crystallise on cooling. It blackens 
on exposure to light, melts at 105°, solidifies again at 08°, dissolv'es in a small quantity 
of witter, but is decomi^osed by a larger quant ity and by alcoliol. 

Another iodonilratr, AgNO’.Agl, is obtained by heating a moderately strong acid 
solution of the nitrate with iodide of silver, and boiling the resulting mass for a long 
time with nitrate of silver and nitric acid. It then separates in nct'dles wdiich melt at 
‘J4‘^ Kremers, .Tahresb. 1855, p. 429). Accordiiigto R iche 1858, 

207), the product thus obtained is very unstable : and according to Risse {loc. cit) 
it is merely a mixture of the preceding .salt with iodide of silver. 

Q. With Nitrate of Sodium . — A solution of nitrate of sodium mixed with excess of 
nitrate of silver deposits, first tabular crystals of silver-nitrate, and afterwards rhombo- 
lieilral crystals, having the form of sodiuni-Jiitrate but containing thi* two salts in various 
proporlious; from 2 to 4 at. NaNO^* to 1 at. AgNO*. (11. Rose, lV)gg. Ann. cii. 430.) 

NiTiiATB OF SoT)HrM:. NaNO*. Cubic Saltpetre. Chile SnltpHre. Nitre . — 
This salt occurs abundantly in South America as a natural mineral. In the district of 
Tarapaea, Northern I Vru, the dry pampa for 40 leagues at a lieightof 3,300 feet above 
the sea, is covered with beds of it several feet thick, associated with gypsum, common 
salt, sulphate of sodium, .aud remains of ancient shells, indicating the former presenco 
of tile sea. The following are analyses of tho crude nitre or Caliche. 




Hayes. 

Nitr:)t(! of sodium 


. " 64-98 

iSulphalc' of sodium 


. 3*00 

Sulphale of caleiurri 


. 

{Sulphate of mngiH;.sium 


• 

Chloride of sodium 


. 28*69 

Iodide of sodium 


. 0*63 

Insoluble matter 


. 2-70 

Aloi-sturo 


loFdo 


Ri<-harilsr)n and Biowr-tl. 


43-14 

30-37 

27*85 

6-92 

26-30 

11-67 

•43*20 

o-(;8 

1-30 

1-36 

0-68 


trace 

trace 

4-20 


11-10 

44-80 

18-30 

88*70 

10-30 

3-30 

0-.32 

0*03 

7-50 

2-50 

6-00 

3-50 

100-00 

loo’*dt) 

ioTRil 

oo-ya' 


A sample from Peru, analysed by Ifochstctter, wu.s found to contain 9P3 percent, of 
nitrate of sodium, the renuiiiKle.r being composed of 2*0 chloride of sodium, 0*2 sulphate 
of potassium, 0'4 nitrate of potas-siuni, 0 9 nitrate of nnignesiurn, 2 0 water, and 0 ‘2 in- 
! soliilde mat ter. 

The enule nitnite is refined by solution and crystallisation. The best refined nitre 
of <-oimiieree has been found to contain 97*70 per cent, nitrate of sodium, 1*84 ehlorido 
i)f sodium, 0-35 sulphate of sodium, and 0*11 water. Tho commercial salt frequently 
however contains not more th.an 90 to 92 per cent, nitrate of sodium ; small quantitie-s 
■ of iodide and iodate of sodium are of frequent oecurrence in it, in addition to the 
fi)r< ign salts above mentioned. The great .solubility of nitrate of sodium renders it 
difiicult to purify from common salt; accordingly the commercial nitrate almost always 
contains about 2 per cent, of that impurity. The best mode of purifying it, on tho 
.small scale, is to heat the pulverised salt with nitric acid ; the chlorides are thereby 
, tic.stroyed, and by solution and rocrystallisation the nitrate is obt-iined perfectly pure. 

Nitrate of sodium crystallises in obtu.so rhombohedroiis, wdiich on cur.sory inspection, 
have very much the aspect of cubes : heUce the name cubic saltpetre. The length of 
; the principal axi.s is 0'8276. Anglo R : R in tho terminal edges = 106° 33'. Cleavage 
very imperfect parallel to R. Specific gravity ==* 2*24 (Kopp), 2 2256 (Kars ten), 
2 l.’o6 (Schroder). It ahsorbs water from moist air, and dissolves easily in water, 
producing considerable full of temperature. 1 pt. of the salt dissolves in 1-25 pt. water 
atO"" (Marx), in 1*136 pt. at 18*75° (Karsten), in 1*14 pt. at 1*85° (Kopp). The 
saturated solution boils at 122° (Kremers). The specific gravities of solutions of 
nitrate of sodium of various strengths are, according to Schiff (Jahresb. 1858, p. 38), 
as follows : 


Weight of N.'iNO» 
m 100 pt«r. water. 
46-.48 
30-99 
20 66 


Specific gravity of 
aulution at 20'^*^. 

1*3806 

1-2326 

1-1478 


Weiaht of NaNO» 
In 100 ptfl. water. 
15*60 
10*33 
5*16 


Spedfle gravity of 
solution ai 20-2°. 

. 1*1076 

. 1 0698 

1*0342 


According to Kremers 1861, p. 61), the specific gravity at 19*5° of a solution 
containing 17*7 nitrate of sodium is 1*1062; for 34*9 percent., 1*1930; for 
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61-9 jvar cent, r264() ; for 717 per cent., 1-3354. Schiff {ibid, 1801, p. 87) has alsc 
detonnmed the solubility of nitrate of sodium in spirit of wine, of various strengths; 
the results are as follows : 


Wuight of anhydrous - 
alcohol in 100 I'ts. 
of spirit. 

0 

10 

20 

30 


Weight of N.iNO» 
In 100 pts. of solution 
saturated at 15*^. 

45-9 

39-5 

37-8 

. ' 20-2 


Weight of anhydrous 
alcohol in lob piM. 
of spirit. 

40 

60 

80 


Weight of NaNO^ 
In 100 pts. of solution 
saturated at 15”. 

20-5 

10-2 

27 


100 pts. wood'Spirit containing 40 per cent, methylic alcohol dissolve 24-4 pts. nitrate 
of sodium (S c h i f f.) 

I Respecting the solubility of nitrate of sodium in various liquids, see fuither Storcr*i 
Dictionary of Solttbiliiies, p. 394. J 

Nitrate of sodium molts at a moderate heat (310® according to Person), and solidifies 
to a white mass on cooling (at 313® according to Schaffgotsch ) ; at a red heat it is 
decomposed in the same manner as nitrate of potassium, but more easily. It de- 
flagrates with charcoal and other combustible bodies, but not so quickly as nitrate of 
potiissinra. On this account, as well us from its hygroscopic character, it caniujt be used 
instead of nitrate of potassium for the manufacture of gunpowder. According to some 
authorities, however, pure nitrate of sodium is not at ail hygr-oscopic ; and iiidewi, 
it is sometimes used, after very careful purification, for the preparaliou of blasting 
powder, which is not required to hm-n so quickly as sporting or war powder. It lias 
also been proposed to add anhydrous sulphate of sodium or rnagnesiuin to gimpow'dcr 
prepared with nitrate of sodium, to counteract the hygroscopic tendency. (See 
liiohardson and Watis's Chemical Technology ^ vol. i. pt. 4, p. 435.) 

Nitrate of sodium is extensively used for the preparation of nitric acid, and for con- 
vor.sion into nitrate of potassium (p. 100). The crude salt forms au excellent manure 
for grass hind. 

Nithatk op Strontium. SrO.N*0‘ or Sr"N*0*. — Prepared like nitrate of 
barium. Separates from a hot concentrated solution in anhydrous, from a cold and 
more dilute solution in hydrated crystals. The anhydrom salt crystallises in octahedrons 
ttiul cuho-octahodrons of sp. gr.2-30o (lluignet), having a cooling pungent taste, soluble 
in 5 pts. cold, and \ pt. boiling water ; it decrepitates when lu'ated.Mnd melts when rod- 
hot, decomposing al the same time, and leaving a residue of .strontia. When thrown on 
glowing coals it detonatos .«<liglitly, with a red ilame. The hydrated Sr"NH)'l5H^0 
(Laurent), with 4IPO (Souchayand Jjonssini, Ann. Ch. Pbarrii. xeix. 45), also 
Ord way (Jahresb. 1859, p. 1 15), forms efflorescent crystals bolonging to the monoclinic 
system. Ratio of axes a \ h \ c ~ 0'5895 : 1 : 0 808. Inclination of h to <? « 64° 25'; 
ooP : oeP in tlie orthodiagonal principal section =: 113° 40' ; + Poo : principal axis 
*= 67° 22'; oP : <xP = 76® 20'. Ordinary combination, coP . oP . + Poo (liko fig. 
320, Crystali.ookaphy, ii. 156), or ooP . ooP3 . oP . + Pco . Nitrate of strontium is 
used for the prepm-ation of red fire, for which purpose the dried salt, is mixed with 
flowers of sulphur, chlorate of potassium, sulphide of antimony, and charcoal. 


Acetonitrate of Strontium, j .3H*0, erystollises by spontaneous ovaporti- 


tion from a mixed solution of the component salts containing a slight excess of acetic acid 
in large limpid permanent tabiihu’ cry-stals (v. Hauer, J. pr. Chom. Ixxiv. 432), belong- 
ing to the triclinic system, and exhibiting the combination oP . oof oo . oopoo . oo^'P’*. 
T .f'oo. ^-'P. Ratio of axc.s, a \ b \ 0 5200 : 1 : I '1697- In the loft upper octant 

the angle a c = 77°43' \ h c — 83® 21'; a 5 « 88° 19'. The crystals cleave perfectly parallel 
to oP; less easily parallel to oofoo, (Zopharovich, Wien. Akad. Per. xU. 617.) 

Nitrate of Terbium. Radio-crystalline mass, permanent in the air, and dis- 
solving with pale red colour in water. 

Nitrate op Thaulium, TINO’, crystallises from a solution of thallium in nitrio 
acid in dull white needles, which melt at 205°, with separation of a small quantity of 
black peroxide. Tho aqueous solution of the salt thus purified gives no precipitate 
with ammonia, whereas from the crude solution of thallium in nitric acid, ammonia 
throws down a small quantity of hydrated peroxide of thallium. Nitrate of tballium 
has a specific gravity of 6*8, is insoluble in alcohol, but soluble in water, the saturated 
solution containing 9*76 per cent, salt at 18°, 43*7 per cent, at 68®, and 66*0 per cwstr 
at 100°. (Crookes, Chem. Soe. J. xvii. 141.) 

Nitrate op Thobinum. TirNW— Easily soluble in water and in aleehoJ^ 
The aqueous solution dries up over oil of vitriol to a crystalline mass ; when left P' 
evaporate in the air, it yields a thick syrup (Berzelius); according to Chydenii^^ 
(Pogg. Ann. cxix. 43), it crystallises easily. Nitrate of thorin^in and 
K^Th"N^O'^, forms a radiate moss soluble in water and in alcohol. (Berzelius.) 
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I^itratesofTin. Stannic hydrate prepared from Uie chloride dissolrcs freely in 
nitric acid, and if very concentrated acid has boon used, tho solution deposits stannic 
fiHrate in silky scales. If the solution contains nitrate of ammonium, it does not do- 
L'oinposo at ordinary temperatures ; but in tho contrai7 case, especially if diluted, it 
ieposits stannic hydrate, which redissolvos on additi()n of nitrate of aramonium. Mo- 
tastannic liydrate (produced by the action of nitric acid on tin) does not dissolve iu 
nitric acid. 

Siannoiis nitrate is produced by dissolving stannous -oxide, or hydrate, or metal- 
lic t in, in cold very dilute nitric acid ; tho solution is easily decomposed by heat, with 
fj^paration of stannic hydrate. 

Nitrate of Uranium. U^0",N*0*.6IP0 or Nitrate of XJranyl (U0)']S’0*. 
311-0.— Produced by treating uranium or either of its oxides with nitric acid. 
C-jT-stallises in lemon-yellow fluorescent trimetric prisms, in which a\ h \ c — ()'874 : 
1:06703. Angle P : P (brach.) = 126^ 64':(macr.) 30' : (basal) =--= 84® 28' ; 

Poc : Poo (ba.sal) — 02''-’ 40'. Ordinary combination P. Poo . oof^oo . ooPoo . The crystals 
lllorcsee slightly iu dry air, and further in a vacuum, giving offhaH their water. They 
Jissolvo in half tboir w'eiglit of water, also in alcohol and ether. 'J'he aqueous sol- 
ution is decomposed at a moderate heat, depositing a lemon-yellow pulverultmt sub- 
stance not yet examined. Tho crystals melt in their water of crystallisation, then 
rive off water and acid, turn reddish-yellow, and leave pure uranic, or at liiglier 
’cinpcraturos, uranoso-uranic oxide (P<^ligot). According to Ordway (Jaliresb. 
1851), p. IM), tlie crystallised salt melts at 69-5®, and begins to boil at 118®, the 
iqnid remaining clear till about two- thirds of tho water is drawn off, together with 
itl i(‘ acid ; tlic residue then becomes somewhat heated in contact with water, and forms 
I l iirbid solution whicli afterwards becomes clear. 

Nitrate of Van adium. - a. Vanadic nitrate. — Vanadium, vanadious, and vana- 
lic oxido di.ssolve in nitric acid, fonning a blue solution wJiich may be boiled without 
iltoration, but decomposes at a certain degree of concentration, the residue left on 
viiporating to dryness consisting of vanadic anhydride containing a little nitric acid, — 
3. ISitrovanadic acid. Dilute nitric acid di6Solve.s vanadic acid (or anhydride) with 
r'ollowlsli colour, and on evaporating the solution at ordinary tempcral^un's, a reddish 
iKiss is left, from wliich w^ater extracts a small quantity of nitro-vanadic acid. 

Nitrate of Yttrium. Largo colourless crystals (Per zeli us). Tho solution 
viipor.'itcd at 60° and then quickly cooled, yields colourless laminae (Berlin), Tho salt 
s do liquescent. 

Nit a AXES OF Zinc. The normal Zn''0.NW.6H®0 orZn"N-0^(iir-0 (or 911-0 
icfordiiig Ui Schindler), separates from highly concentrated solutions in limpid, 
laltciicd, striated, four-sided prisms, terminated by four-sided pyramids. Tliey have a 
iliiu}) tast e, deliquesce in tho air, dissolve readily in water and in alcohol ; melt in their 
valor of* crystallisation at 50°, and give off tho wdiole of it in a stream of dry air at 
i 05® (1* i c r r e). According to (> r a h a m, half the water goes off at 1 00®, the remainder 
)nly when the salt begins also to part with its acid. According to Ordway, tho 
Tystals melt at 36’4® ; tho liquid boils at 131®, remaining clear during the boiling till 
t lias lost -12 per cent, of its weiglit ; tbe residue solidifies on cooling to a vitreous 
nass having nearly the composition Ztt"0.3Zn"N‘‘0®.3H'‘^0. This tetrazincic salt 
yas likewise obtained in prismatic needles by Crorhardt (Jahresb. 1847-8, p. 436). 
■5c h i n d I e r obUiinod tho same salt with only 1 at. water by digesting tlie octozincic salt 
viih the normal salt. Tho octozincic salt, 7Zn"0.Zn"N*0“, is obtained with 2 at. water 
^y heating tho normal salt till tho fused mass becomes nearly solid (Grenville), 
)r with 4 at. water by precipitating the solution of the normal salt with a quantity of 
immoriia not sufficient to take up all the nitric acid. (Schindler and Grenvi 1 1 e.) 

N itrate of Zirconium. The solution of zirconic hydrate in nitric acid yields 
>y evaporation a yellow gummy mass, which has a sour astringent taste, and gives off 
»c.i(l when heated. If it has not been heated above 100®, it redissolves completely 
n water. The solution is capable of taking up a considerable quantity of zirconic 
ly cl rate, forming a soluble basic salt. If the solution thus formed bo diluted and 
‘cated to boiling, it deposits a still more basic salt in the form of a gelatinous pre- 
cipitate. A basic salt soluble in water and in alcohol, is likewise obtained by heating 
Jio normal salt above 100° 


Alcoholio Nitrates. Nitric ethers. 

When nitric acid is heated with an alcohol, part of the alcohol is oxidised, and the 
(iitnc acid is reduced to nitrous acid, which, with the remainder of the alcohol, forms 
' *ffiroiis ether togeuicr with other products (p. 76) ; but by addition of urea or other 
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amide, which decomposes the nitrous acid as fast as it is formed, this action may bs 
prf^^entod and the .'ilcohol and nitric acid will tlien form a nitric ether. 

Nituatj: of Amyl. Amyl-nitric tthrr, — Prepared by agitatinf» lOgrius. 

of iiilrate of uiva with oO grrns. of strong nitric acid in a retort for ten minutes, t]ir,j 
adding 40 grins, of ainylie alcohol, and gradually heating the mixture, a cooled recoiv^r 
being ada|)i<Ml to tho* retort. The distillate, whicli separates into two layers, is sh:i>,.rj 
up M'itli M’iiter; tli«' hiwer layer is r<‘etified, the port inn whieh di.stilsfrom 148® upwanl^ 
being eollceted apart ; and this portion is rectified twice more, the liquid which goes ovrp 
at I tS^ b. jng eaelitiine. eollecte<l apart (W. Hofmann, Ann. Ch. Phys. [.‘1] xxiii. ; 174 ) 
It is also ju’odnecd by the deeompo.'^ition of diiiitrylide of arnylene. ((i nth rie, i. 209 ) 

Nitrate of amyl is a colourless oil of specific; gravity 0*994 at 10®, boils at 118^ 
(W. Hofmann); aeeoi\ling to Rieekher (Jalirb. pr. Pharin. xiv. 1), it lias a spp. 
eific gravity of 0*902 and lioils at lo7^. It has an odour of bugs and a sweet burninjf 
tastcy with A’ory unpleasant, aftertaste. It dissolves in ether and alcohol, and is pro- 
cipitated from the latter by Avatcr. Bums w ith a greeu-odged llame; is dcjcomposecl by 
ftleoliolie potasli. 

2Titratf. .of Ethyl. Isitria ether. C-Tl^NO®. Prejmration. 

— 1. BetAveen 70 and 7/5 grins, of aleoliol of ,‘i5® Bm. is di.stilled with an equal Avciglii; 
of nitric acid of specific gravity 1*40 (or 2 a’oI. alcohol to 1 vol. nitric acid), and abou^ 
2 grams, of nitrate of ure:i, tlie rc*coivor being ehangcal as soon ii.s the alc’oliul wliich 
first comes over is replaced by nitric ether, and the distillation .stopped as soon as the 
re.sidue is rc';duced to one-tliird of the original mixture. The nitric ether thus obtained 
is washed with acpieou.s potash, and aftcTwards with water, then left for two days in 
contact Avit.li lumps of cdiloride of calcium, and finally decanted and reclilicd (Mill on, 
Ann. ('ll. Eliys. jll] viii. 2/^9). According to Carey Lea (.Sill. Ain. J. [2] xxxii, 
178), it i.s better to n.se a larger proportion of nitrafi; of un'a, namely 8 or 10 gnus, to 
liie aliove quantity of Ji(piid; with tho.se proportions larger quantities of litpiid may be 
operated tijum at once, (see fd.so Ileintz, Jahre.sb. 1803, p. 482). — 2. According to 
J. Per.soz (ib'>p. Chiin, pure, v, .‘50), nitrate of etliyl is easily obtained, Avitliout the 
use of urea, by dropjiing nb.s(jlut»; alcohol (10 grms.) from a very fine pipette into 
higlily concentrated colourh-ss nitric acid (alamt 20 grm.s.) contained in a platinum 
dish, well cooleil AviYli a niixfuro of ice ,and salt. The formation of the ether takos 
place as the liquids mix. A lump of ice is then to be tlirowii into the inixtiin?, wIutc- 
by the acid is diluted witliout ri.sc of temperature. If any oxidation of tJie alcohol 
takes place from dropping it in too quickly- Avliich may bo known by the einissioii 
of red fumes — a piece of ice must la* imincdiately <lro|:>p(*(l in to save tiio et her already 
formed, and the operation rejK'Htcd. 

PnypeTtus. — Niti-ic ether is a lifjuid of .s]>ecific gravity 1*1 12 at, 17°, boiling at 8ij° 
or 86®. It.y vapour-den.sity at 8o*6® = 3*112; at 90"^ 3 094; at 70*3® — 3*()0.); 

at 04*9° = 3*079 (Playfair and Weiikiyn). It lias an odour different from that cf 
nitrou.s ether, and a very .sweet; taste, with bitteri.sli aftcrtii.'^te. It is in.soluble in water, 
but mixes in all proport ions with uh*ohol and etJicr. It burns wilii a wJjire flame; its 
vapour, if hcatetl above tije boiling point, explodc-s violently whcii set on fire. 

Heated to 100® Avitli alcvh<>lic ainmvnia^ it yickls nitrate of ethyliiiuitie (Junca- 
della, Cotupt. rend, xlviii. 312): 

C-H'*NO» + NIP -- C-H^N.IINO^ 

When a mixture of equal volumes of nitric <‘thcr, alcohol and strongaquoous ammonia 
is hcatcil to 100*" in a scab d tulic only two-lhird.s tilled wit h it, the ether disapp<*tirs 
completely, and tlie resulting .solution coiitain.s di- and tri-ethylamine together with 
ethylaininc and ammonia. Witli a consich'rabic exces.s of iimmonia, the nitric ether 
may be dccouijioscd even Avithoiit ;ilcohol. (Parey* Lea, Sill. Am. J. [‘2] xxxii. 25.) 

Nitric ether is easily reduced by snlphkh: of ammonium \xi alcoholic solution, yielding 
mercaptan, according to the equation, 

+ 5H-8 = C=mS + NH> + 3I1‘0 + S*. 

(E. Tvopp, J. Pliarrn. [3] xi. 321). JTcafed AA'ith ferrous acetate it is gradually re- 
solved into nitrogon gag, a snuill quantity of nitrous ether and ammonia. (Carey Lea.) 

Mercurethylic Nitrate. C-lfg^N=0« or (Png'^N-OMrg"N=0*. Ethylo-mer- 
cnric nilrafe. Salpeiersaures Aefhyl-Queck.stlhcroxyd. N Urate d'ethyle et de mercwen* 
— Thi.s compound, discovered by Sobrero and Se'lmi (Compt.. rend, xxxiii. 67), and 
fmrhcr examined by Gcrliardt (Chern. Soc. Q.il .1. v. 88), is obtninod by mixin| 
alcohol with exc(!.‘^s of .a very strong solution of trimorcuric nitrate. No precipitate is 
torincd in the ci>ld, but on heating the liquid, a. white crystalline compound separates 
cvtui bel.>ro the boiling point is attaiiu'd, ami its formation continues without 
application of heat. The reaction is as follows : per 

Ilg’N^O* + C^H^O G=IIg5N=C« + 3IPO. 
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The alcoholic mother-liquor contains a largo quantity of mercurous nitrate. A mer- 
cu r MIS solt, probably formed by secondary actions, frequently also separates in small 
i;er-ll"S after the mercuretlivlic nitrate has been removed by decantation. 

‘ ^rert urel hylic nitrate is a white crystalliuo saltwdiich, w'lien examined by themicro- 
.M'.ipe, exliihils a highly cliaract<!ristic torm, consisting of six-pointed stars or hexagonal 
Ml.li-H. shaded on the edges in sueh a manner that similar stars appear within them, 
ith their vertices projecting into the angles of the tables. The crystals gave by ana- 
Ivsis 2-'.) per carbon, 3 hydrogen, 78*4 mercury , and .‘PG nitrogen (G erliardt), 
ubr.cing with tlie formula C'^Ug-'N*0«.ri‘0, which ri'quires 3*1 carbon, 0*3 hydrogen, 
7.S-3 Tiierciiry, 3 3 nitrogen and bo-O oxygon. 

J\Irrcurethylic nitrate is insoluble both in watfr and in alcohol. IFc^atcd in a small 
I ul)c it (iecomposi'S suddenly and exi^losivcl}’-, but without detonation. — Hydrochloric 
■!,>id dissolves it completely, without leaving a traco of calomel ; lienee, it is a mercuric 
ir;ii not. a mercurous salt. The hydrochloric acid solution gives a yellow ]ire(‘ip>ital e 
n ilii potash.-- decompose.s the salt, forming sulphide of mercury and a 
oilistaiua^ having tlie odour of niercap>tan. A strong aqueous solution of jjo/.nsh turn.s 
hrsalt grey; when boiled with the same solution, it turns black, but i.s not completely 
1,'coaipo.^ed ; the Idack substance is always mixed with cry.stals, however long the 
.ioiliag may bo continued, irydroehlorlc acid does not dis.solvo this black snlt.stTince, 
t hough it fhrrns but a . <^ 10:111 quantity of calomel. It appears therefore that the salt 
i.s ess(Mil.ially altered hy the action of the pota.sh. — Ammonia acts upon it in a similai* 
manner. 

N 1 T u A T n o p M E T n Y 1.. M fhi;l -nitric ether. CH N O’*.— This ether is easily ob- 
taiiied hy dis.solving 40 grms. of nitrate of urea in 200 cub. cent, of pure methylic 
itleoliol, aOtliiig loO cub. cent, of pure nitric acid of specific gravity T31 (free from 
nil reus aeid so that it giv(‘S no colouring with ferrous sulphate), and di.stilling to one- 
third. Tin's process is to be twice repeated, the residue bm’ng mixed in the. first in- 
siuace with 170 c. metliylic alcohol and 130 c. c. nitric acid, and in the second with 
P'iO e. e. Tuetliyl-.Mlcohol, 110 c. c. nitric acid, and 10 grins, nitrite of urea. The distillate 
i^ washed, first with solution of common sal^, then with ililute carbonate of sodium, 
by this process 420 grnis. Tiu'thylic alcohol yield 300 grms. crude nitrate of methyl, 
(('ari'y Lea, Sill. Am. J. [2] xxxiii. 227). Dumas and Leligot (Ann. Ch. Phys. [2] 
Iviii. 37), hy di.'itilling ^yood-spi^it with saltpetre and oil of vitriol, obtained a liquid 
holhag at G(P^ which appears to have been a mixture of nitrate and nitrite of methyl, 
;i.< its .Tiialysis gave abmit 3 per cent, too much carbon for the Ibrmida of the nitrate, 
'i'lie vapour <‘Xj>hHled with great violence when heated to about 160°. The proper- 
ti- s of the pure nitrate of mtdbyl obtained by Lea liave not bi'on described. 

NrruATE OF Got ye. C"H‘’N0*. Nitrate of Caprf/l, — Produced by decompo.s- 
ing io.lido of oelyl dis.solvcd in alcoliol with nitrate of silver. Oily liquid wliieh has a 
fnilly o'loiir, floats on water, is in.solublo in alcohol, boils wdth decomposition, burns 
with a l.right flame, nnd is dceompo.sed by alcoholic pota.sh, yielding octylic alcohol 
and nitrate of pota.ssiuni. (Louis, Ann. Ch. Phys. [3] xlix. 136.) 

XtriTILOCEir, PHOSPHIDES OP. NF". See Phosphohosamides, 
mTROGEH, syZiPKlBE OP. NS. (Fordos and G 61is, Ann. Ch. Phys. 
!-i] xxxii. 38‘J.) — This compound, the analogue of nitric oxide, is obtained by passing 
aniniunincal gas through a solution of protosulphide of chlorine in disulphide of carbon. 
8.il-:ininioniac i.s first precipitated, and then a dark brown flaky substance, which is 
dccomposiMl by the further action of the ammonia. The pa.ssage of the gas must bo 
continued till the brown flakc.s h.avc almost disappeared, and an orange-yellow liquid 
IS formed, which may be separated from the chloride of ammonium by filtration and 
obtained quite clear. The filtrate, when left to evaporate, first depo.sits sulphur and 
afterwards crystals of sulphide of nitrogen. The reaction is very complicated, but 
the final rc.sult may be represented by the equation : 

3C1‘S + 8NTF = 2NS S -i- 6NH‘'C1. 

Sulphide of nitrogen crystallises in transparent golden-yellow rhombic prisms with 
mhedral summits. It has a faint odour, adheres strongly to paper if rubbed upon it, 
and produces painful irritation of the mucous membrane of the nose and eyes. It 
explodes by percussion or when heated to 160° — 160°. It dissolves very sparingly in 
alcohol, ether, and sulphide of carbon : water does not dissolve, but slowly decomposes 
Its solution in sulphide of carbon also undergoes slow decomposition. It unites 
several projxirtions with the sulphides of chlorine. 

WiTliOGEXBrxCTXHC. Syn. with Nitrogen. 

XVlTROGEirTZAlcrxc ACZB. See Gbntianic Acid (ii. 830). 
iriTAOaBTCSRXli’. See Gi.ycebtn (ii. 890). 
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nrZTROBARlMCAXiXWlS. Sen Harmalixe (iii. 9). 

SrZTROBARMZZrE or XrZTROHARlIIZBZXrE. See Karmine (iii. 11}. 
XrZTRO-BJEMATZC ACZO. Syn. with Picbahic AciO. 
zrZTROHS&EIffZir. See Helrnin (iii. 138). 

TTZTROKZPPURXC ACXII. Sec IltPPURic Acid (iii. 161). 
irZTROKiniKXC ACXD. See Uemic Acid. 

R’XTROHYRITRZXiXC ACXR. See Hydueilic Acid (iii. 221, footnote). 
JO’ITRO-XROSXTE. See Inosite (iii. 276). 

IVZTRO-ZOBZC ACXX> or ABHYBRXDS. See Iodic Acid (iii. 299). 
JO-XTROZiACTIZr. See Milk-Suoak (iii. 1024). 

ETXTROZiSUGXC ACXD. Sjn. with Nitratm of Leucine. (See LBucm 
iii. 582.) 

xrXTROMAXrzrXTS. See Mannitb (iii. 825). 
irXTROMECOSri»r. See Mkconin (iii. 863). 

RTXTROMlEXiAXirxZiZirs. See Medan iniNi: under Piienylaminbs 
HrXTROlMCESXDXR’E. See Mesitydene (iii. 930). 
»rXTROIU[ESZTYX.EI9rES. See Mesitylene (iii. 930). 

iriTROMBTACSTOXrxc ACXD. Syn. with Nitbo-Pbopionic Acid. (Se 
I’ropionio ActD.) * ^ 

zrXTROlICBTHXDES. This name nuij be applied to certain compounds derivtibl 
from ruMrsh-gas (hydric mctliide) by the substitution of one or more molecules o 
nitryl for an equivalent quant ity of hydrogen. Their names and formula) are given ii 
the following table, in which nitryl (NO*) is denoted by X. 


Type, C H 1£ II H. 

1. Tribroraonitromethide, Nitro-bromoform or Ilromopicrin 


C X Pr Br Br 


Cl 

IT 

Br 

X 

Cy 

Cy 


2. Trichloroiiilrometliide, Nitrochloroform or Ohloropicrin . C X Cl Cl 

3. Trinitroniethide or Nitroform . . . . . . C X X X 

4. Broraotriiiitromethidc or Broraonitroform . . . C X X X 

5. Tetranitrometlvide CXXX 

6. Cyanonitromethule, Nitracetonitrllo or Fulminic acid . C X II IT 

7. CyanodinitroTnethide or Binitracetonitrile . . . C X X IT 

8. Cyanotriiiitrometliide or Trinitraeetonitrilc . . . CXXX 

9. Cyano-dibromo-nitromethido or Dibromo-nitracctonitrile . C X Br Br Cy 

The first and second of these compounds have been already described as Bromo- 
picrin and Criloropierin (i. 923). 

C(NO*)'’H.— This compound di.scovered by Schischkoff (Ann. 
exhibits the relations of an acid. Its ammonium-salt, 
^111 1 ^ obtained as a yellow cry.stallisablo substance, soluble in water and in 

aleohoj, by the fiction of water or alcohol on eyanotrinitromethide (p. Ill); and 
on agitfiting tin's salt with strong sulphuric acid, the nitroform is separated and 
floats on the surface of the liquid, in the form of an oil which may be removed 

Nitroform, at temperatures above lo^ is a colourless oil ; below that temperaturo 
It so Klifies in colourless cubic crystals. It is moderately soluble in water, forming 
a dark yellow solution. It cannot be distilled, as it explodes with violence when heated. 

Iho atom of hydrogen m nitroform may bo replaced eitlier by metals or by chlorous 
radicles namely bromine and nitryl. The metaUic derivatives or salts of nitroform, 
arc for the most yellow and crystalli.sable : they explode when heated 

4. Bpomonltpoform. C(NO'0’Br.-- Produced by exposing nitroform to the 
action of lirornine for some days under tlie influence of direct sunshine, or more easily 
by treating an aqueous solution of mercuric nitroform, C*(N02)«H£r", with bromine. 
IMS colourless, liquid above + 12^^, but solidifies below that tomp^ture to a white 
crystalline mass. It is somewhat soluble in water, and may be distilled with aqueous 
vapour, or in a current of air. It dccompo.seB at llQo. (Schischkoff. Ann. Ch. 
ilijirm. cxix. 247.) 

OarUn. mro-kohlenetoff. C(NO^. 

^ nuroform with fuming nitric and sulphuric acids, heatmg tfi* 

I A the” distils oven from whjch 

water throws down tetranitromethide as a heavy oil. 

“ liquid, at ordinary temperatures, but solidifies at +18® W« 
> '““'"hie in warer, bnt soluble in alcohol and etheri ■ » 
boib at 126 , and unUko nitroform, may lie distilled without dccomposiUon. Wfc» 
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pjp^dly heated, it decomposes with evolution of nitrous vapours ; but even then it does 
not explode. It does not take fire by contact w'ith dame ; but u glowing coal on which 
it is poured burns with a bright light. (Schishkoff.) 

(j, Cyanonitromotlildo or xa’ltraoetonitrile does not exist in the free state, bat 
ils salts, the K0LMINA.TES, already described (ii. 730), give rise by their decomposition 
to the three following compounds, cyano-dibromo-nitroniethide being produced by the 
acthui of bromine on fulminate of mercury, while cyanodinitrometHide and cyanotrini- 
trornethide are ol)tained from fulminuric acid (ii. 739) which is itself a product of the 
decomposition of fulminate of silver. 

7. cyanodlnltromettilde or Dlnitracetonltrlle. C^HN**0^ = C(N02)2HCy =« 
C=(N0‘)'liN. (Schischkoff and liosing, Ann. Ch. Pharm. civ. 249; Schisch- 

Ivoff, cxix. 249.) -This compound is an acid, the ammonium-salt of which 

(originally called dinitrammonyl) is obtained by the action of sulphydric acid on 

cyanotrinitromethido ; 

C(NO*)»Cy + 4IPS = C(N02)XNH^)Cy + S* + 2H*0. 

On mixing the aqueous solution of this ammonium-salt with an equivalent quantity of 
Biili)huric acid, agitating with ether, and evaporating the ethereal solution, a syrup is 
loft wdiicli gradually yields largo crystals of cyanodinitromethide, apparently containing 
M'alor of ciystallisation. 

Cy:iriodinitrometliidc treated with ammonia reproduces the original ammonium-salt, 
vhicli crystallises in eolourh'ss needles, easily soluble in water, sparingly in alcohol, 
iiisolublo in ether. Wlien boiled with oxide of silver, it forms a solution ■w'hich on 
cooling deposits crystals of the argcntammonium-salt of cyanodinitromethide, 
C(NO")'’(NH“Ag)Cy. 

rvMiiod ill itromet hide also forms crystalline salts w'ith potassium and w'ith silver. 
The silver-salty 0( 0'‘^)^AgCy, detonates like fulminate of silver, and is decomposed by 
hroinine, yielding an oily body, probably cyanobro'modmitnmicihidcy C(NO^)‘T5rCy. 

8. Cyano-trlnitrometlilde or Trinitracetonltrlle. = C(NO*)®Cy = 

f '*( Nt)- (S e h i s c h k 0 f f, Ann. Ch. Pliarm. ci. 213). — Wlien a salt of fiilminurie acid 
is aihlcd Ity small portions to a cooled mixture of highly conceiitrated nitric and snl- 
I'hnric acids, carbonic anliy(irido is evolved, and trini trace ton itrile separates as an oil 
which crystallises on cooling: 

C»(N0*)1PN‘*T) + 2 mm « CO* + 11*0 + NIP -f- CXNO*)»N. 

Fulminuric aciil. Trinitracetuniirile. 

Cyanot rinifromethidc is a white crystalline eampbor-like sulistance, melring at 
and (1 (‘Composing with oxplosiijn at 220'^. It may be distilled in a current of air at 
CO'h Tt. dissolves without alteration in ether, but is decomposed by water and alcohol 
cvni ill the cold, and more quickly when heated, into carbonic anhydride and the am- 
moiiiiim-salt of 11 it reform : 

C*(NO*)^N + 2n*0 = CO* -f C(NO*)»(Nn*). 

f^nlphydric acid converts it into the ammonium -salt of cyanodinitromethide (p. 110). 

9. Cyano-dibromonitrometlilde or Slbroxnonitracetonltrlle. C*Br*N'-’0* = 
C(NO-’)]>r-Cy = C*(NO*)Br*N (KekuK*, Ann. Ch. Phunii. cv. 281). — This compound, 
wliich dilfcrs from mercuric fulminab*, C*TThg"N*0* only by containing 2 at. bromine 
in placid of 1 at. mercury, is prepared by pouring bromine on mercuric fulminate under 
water till the colour of the bromine is no longer destroyed. On subsequently distilling 
tli(! liquid, eyanodibroiTionitrometbidc passes over with the aqueous vapour, in the form 
of an oil which partly solidities in the crystalline form. 

Cyano-dibromonitromothido forms large well-defined crystals, insoluble in water, 
soluble in alcohol and in ether, and smelling like ehloropicrin. It melts at 50°, and 
begins to boil, with decomposition, between 130° and 135°. With vapour of water 
it may bo distilled without dccompositioti(Keknl A). When gently heated with iron- 
filings and acetic acid, it is strongly attacked, giving off hydrocyanic acid, hydrobromic 
acid, ammonia, and probably also carbonic anhydride. (Stahlschmidt, Jahresb. 
1860, p. 241.) 

WXT&OMSTBTUC ACZB (»*-). CH<N*0* or C*H"N<0«. (Frankland, 

Phil. Trans. 1857, p. 69; Chem. Soc. Qu. J. xi. 88.) — This acid, homologous with di- 
nitro-ethylic acid (p. 61) is obtained, similarly to the latter, by the action of nitric 
oxide on rinc-mothyJ, 4 at. of the former uniting with 2 at. of the latter to form the 
Halt, C*Jl*Zn"N<O^C*II®Zn”, This salt is decomposed by water, yielding marsh-gas 
and ha^w dinitromethylate or oxy-dinitromcthylate of zinc, C*H®Zn"N^O®.ZtrO ; 
which, when decomposed by carbonic acid, yields the normal zinc-salt, 
C"JPZn"N^O*.H*0. — The sodium-salty CH*NaN*0*.H*0, is obtained by treating a 
solution of the normal zinc-salt with carbonate of sodium, evaporating to dryness, and 



1 12 NITRO-MURIATIC ACID-~KlTROPHTITALENE. 

exhiiusting tlic residuo with strong alcohol It is very soluble in water and in alcolio)^ 
ami burns intensely when heated. 

»riTRO-ZVIURlATIC ACIB. Aqua regia. Konigsmmrr.^A yellow^ fuininj> 
liquid prodiiecd by mixing strong nitric and hydrochlorie aeids. The mixture is at 
eoi(Uirless; Imt after a short time, or quickly if heated, it assumes a deepbrango-yellow 
colour, and breaks .up into water, eliloririe and the chlorides of riitrosyl, chiefly th,. 
dieldo'ridc. 'I’lie dilute acids may rem du mixed for along time without decornposiiij» 
each other, unless heat is applied. Nitro-muriatic acid dissolves gold ami platinum, 
an action wJiieli seems to depend (’ntircly on the presenee of the chlorine liberated by 
the mutual action of the original acids. The same reaction renders nitromuriatic acidvery 
useful in destroying oiganic matter, in toxicological investigations for example (see 
y\KSKNTC, i. 3fi0). An imprt) nitromuriatic acid is prepared by dissolving nitrate of 
-J) Bodjurri in hydrochloric acid, or chloride- of sodium in nitric acid. 

NITRONAPHTHA1.ENES. See NAeuTfrALUNU (p. 11). 

NXTROWAPHTHYI.AMIWB. See Napiitiiylamixe ({>. 21). 

NITRO-OXYBENZOXC ACIB. See Ox vjuixzoic Acid. 

NXTROPAPAVERIIVE. See Pacaverine. 

NITROPEUCEBAMIBE and jrXTROPEUCEBANIlir, See Petjckdaniv. 

MriTROPETROI.-BlAiaXN’B. Sec Petrol. 

NXTROPHESTAlMbXC ACIB. Vinilro-iliphnwmic acid. =: C'"!]'- 

(N()*)-.\-0‘. (Laurent and (5 erhardt, Compt. Chim. 1849, p. lOS.) -An acid pro- 
duced by tJio Mdtion of sulpliydrato of ammonium on dinitropheiiic acid: 

2C«ip(noo'^o + ;kntp)-s‘ - -i 4TP’0 + 8». 

It forms broMTi liexagonal ncedle.«<. with four angles of 131° 30'anfl t wo of 97°, eontalu- 
ing 2 at. water, which they give ofFlxlweeu 100'^ and 110°, the .‘iiiliydrovis acid deconi- 
po.'-ingjita higher temporal un*; they yield a yellow powder. Tlie acid is .sparingly 
soluble in cold waftM-, inoilerately soluble in alcohol and ethf'r. It dissolves in ant- 
nionia^ forming a deep r«'d .solution wliich i.s decomposed by concentration, with 
evolution of ammonia. With aqueous poi(t.<th, it yields the salt C’*1T".K(N()’‘')*N''0-, 
which crystal lisc.s in dark red nodides, very soluble in water and in alcohol. The 
hari}n»-mlt forms syiaringly solnlde brown-red needles obtained by precipital.ing acetatn 
of barium willi an amnioniacal .solntion of the acid. The calchon-salt i.s gradually pre- 
cipitated in like niaiiner in small needle.s. The co-pper-m! t is a yellowish-green, Llic 
Icnd-salt tm orange-brown precipitate. Hho ail ner -salt, C'-IT"Ag(N{)*)'‘*N-0-, is a dark 
brown-yellow precipitate wliich crystal! i.so.s in scalc.s from hot .solulion.s. 

RrXTROPKERrAMYIiXBX^K’E or Aniifl-ultro-phenidmf '. — A l)ase formed by the 
action of alcoholic snlpliydrate of ammonium on the Inwyoil oldained by treating phenato 
of amyl ((/. ^^) with fuming nitric acid. It is cry.stallisable ami forms crysl.idli,sabl« 
salt.s. (Cab ours, (’ompt. rend, xxxii. Gl.) 

ItriTROPKENESIC ACIB. Syti. with Dinitropiienic Acid. (S(?e PiiExor.) 

lO’XTROPHEN'ErOL. 8yu. with ISitrophenate of Ethyl. (See PhenjcEthebs, 
underl’jiENOL.) 

iriTROPKENIC ACXBS. Sec Phenol, Derivatives of. 

77ZTROPKENISIC ACIB. Syn. wdth Tri-nitrophunic Acid. (See Phbnol.) 

IffXTROPHEXJOZC ACIB. See Phenoic Acid. 

IVZTROPKENOX.. See Phenol. 

WITROPHENYBAMINE. See Phentlamine. 

RTITROPHENYXi-CARBAllIZBES. See Carbamides (i. T-'iG). 

HrXTROPBENYLENS-BXAMnirE. See Phenylene-diamines. 

irXTROPBE»rYXi-PKOSPKORZC ACIB. See Phosphoric Ethers. 

NITROPBENYL-PYROTARTRAnSZC ACXB. See PyrotartbAICO 
Ethers. 

»rZTROPHE»rYX.-StrXiPB17BZC and BUEPBUROUS ACXBS. See Sui- 
piiuuio and Sulphurous Ethers. 

BZTROPBX.OBBTXB'. See Puloretin. 
friTROPB£OBOCX>VCX»r. See Phloroglucih. 

1ITITROPKTBAX.BNS. C*H’(NO0. (Dusart, Ann. Ch. Phys. [3] xliv. 382.) 
— A eompouud, isomeric with nitro-cinnamene, formed by the action of potash on nitei?- 
naphthalene. To prepare it, 2 pts. of caustic potash dissolved in as little wat&f M 
possible are mixiHl with 1 pf. of fresh slaked lime, to which nitronaphthalene is gfSIf 
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, Ij 3 ^<^cled. The action begins almost immediately, the mixture becoming reddish. 
The mass is kept for about six hours at a temperature not exceeding 100®, and is 
st rred from time to time, the evaporated water being replaced; the whole is then 
^dded to a large quantity of water and allowed to settle down; the alkaline solution, 
^ loured deep yellow by nitrophthaliuic acid, is decanted off; and the deposit is washed 
\vith water until the bitter is only sliglitly coloured. The lime, is removed from the 
brown residue by dilute hydroehlorie acid, and the remainder throwm on a filter and 
V islied with water. The nitrophthalcno can only be sepamted from the brown mat- 
ter with which it is mixed by distilling with steam ; it then passes over in oily drops 
wljieh crystallise on cooling. If distilled alone, the product is less pure. 

Nltrophtlialcne is of a straw-yellow colour and crystallises on cooling from hot alco- 
hof in long needles, winch are tasteless and have a faint odour. It melts at 48®, 
bogins to boil at 280®, and distils over in large quantities between 300® and 320°, leaving 
a ■Tligbt carboiiacwjUH residue. It is not soluble in cold water, but when distilled with 
water, imparts to it an aromatic odour and separates on cooling in needles having a 
siJky iustre. It is but slightly soluble hi cold alcohol, but readily in hot alcohol ; dis- 
firdvrs abundantly in ether and in coal-oil. 

Nit rophthalone heated with a strong solution of potash, yields nitrophthalic acid ; less 
n^adily with hydrate of calcium or barium. When distilled with dry potash-lime, it 
fvolves much ammonia, while an odorous oil distils over, and the sides of the retort, 
become covered with long yellow needles which dissolve in sulphuric acid with a 
beautiful violet-blue colour. The oil is slightly soluble in water, and the solution gives 
with ferric salts an indigo-hluo precipitate. Sulphide of aminonium converts nitro- 
phthalene into phthaldine, sulphur separating out : 

C^II’NO* + 3H'‘S « C»H*N + 2H*0 + S«. 

lOrZTROPRTXXjBul^XC JA.CXD. See Phtuaxig Acin. 

IffXTROPHTHAZiAlIKZSS. See I^IITUALAMIDES. 

WXTROPHTHAMWIC ACZX>. C®IIXNO’‘*)0* ? (Dusart, loc, cit) — This 
nx’id is formed in the preparation of nitrophthaleno as above described, and is pre- 
cipitated from its aqueous solution by hydrochloric acid, in golden flocks, which, by 
solution ill a mixture of 1 pt water and 2 pts. alcohol of 36®, may be obtained in stellate 
groups of golden -yellow needles. It is inodorous and tasteless at first, but leaves a 
pungent aftiT-laste. When heated in a tube, it melts, gives off an odour of cyanide of 
{inirnonium, and halves a large quantity of charcoal. It is sparingly soluble in water, 
more soluble in alcohol. Its ammoniacal solution forms yellow precipitates with salts 
ui calcium and barium ; greenish-yellow with cupric salts ; red with silver-salts. The 
laid-salt is precipitated in orange-yellow flocks, which when dry, explode by heat, 
or by contact with oil of vitriol. The potassiimi-salt forms reddish-yellow mammillated 
crystals, very soluble in water; the solution possesses great colouring power. 

xa'ZTROPXAXinr&. Syn. with Nitromeconin. (See Meconin, iii. 803.) 

RZTROPZCRXC ACX1>. Syn. with Picric or Thinitrofhbnic Acii>. 

N'XTROPZC^OTOXZKrS, See Picrotoxinb. 

nriTROPRO pzoxrzc ACX1>. See Propionic Acid. 

RrXTROPRVSSZX>ES or Nitroprussiates. Syn. with Nitbofbrbictanidbs. 
(See Cyanides of Iron, ii. 250.) 

M'ZTROP'YREXa'S. See Pyrbnb. 

xrXTRORACRlVEZC ACID. See Racemic Acid. 

KTXTROSACCHAROSB. — A substance formed by the action of fuming nitric 
acid (Sobrero), or of a mixture of nitric and sulphuric acids (Schonbein, 
Keinsch) on cane-sugar. It i.s a white transparent resiu, friable in the cold, but at 
07'diriary temperatures soft, glutinous, and ropy. It is neutral, inodorous and bitter ; 
melts at about 30° (Reinsch). It is insoluble in cold water, but melts to an oil and 
slowly dissolves in boiling water ; the solution gives the reactions of nitrites 
(Schbabeiu). It dissolves freely in alcohol, ether, fixed oils. It explodes when 
heat(‘d on platinum foil or by percussion ; and deflagrates when touched with a glow- 
ing splinter (R ei II s c h). When heattid with solid caustic potash, it froths up, blackens 
and then takes fire (Schonbein). See Gmelin*s Handbook, xv. 295. 

irZTROSAXiZCY&AMXI>S. See Sadictlamides. 

RrZTROBAEZCirXiZC ACZR. See Saxicylic Acid. 

VXTRoaAaLZCnXRSS. Soo Salicylous Acid, Derivativbs op. 
XXTRoso-coxMtPOinVRB.— Bodies formed by the substitution of the monato^ 
NO, for an equivalent quantity of hydrogen ; thus nitrous add, HNO*, may 
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be roganicd as that is as a molecule of water, in which half the hydrogen is 

replaced by nitrosyl ; and similarly for all the nitrites. 

wrXTROSBTHYIiXWr. C^H*®N'‘0 = C‘H*®(NO)N. (Gcuther andKreutzhage, 
Ann. Ch. Pharrn. cxxvii. 43.) — This body, wliieh has the composition of diethylamine, 
C‘jr*'N, in wliicli 1 at. hydrogen is replaced by nitrosyl, is produced by the action 
of nitrite of x>otassium on hydrochlorate of diethylamine: 

C‘II"N + UNO- « C^II’®N-0 + IPO. 


The materials are distilled together at a gentle heat ; the nitrosethylin is freed from 
diethylamine by redistilling the liquid aflor neutral i.sat ion with sulphuric acid ; the 
sulphate of diethylamine which remains is completely converted into nitrosethylin by 
repeated treatment with nitrite of potassium ; and the nitrosethylin, after dehydra- 
tion with chloride of calcium, is rectified in a stream of carbonic anhydride, the 
portion which distils at about 17G^ being collected apart. 

Nilroswjthylin is an oily liquid of fiiint y<*llownsh colour, peculiar aromatic odour, and 
burning taste. It has a 8X)eciflc gravity of 0‘951 at IT'o®, and boils at 176'9°. When 
exposed to the air, it gradually turns browm. It di.ssolves in strong hydrochlo'ncmcid, 
forming a dark coloured liquid, w'liich is decomposed by heat, giving off nitric oxide 
and leaving hydroclilorate of dietbylamino. The reaction is evidently the reverse of 
that by which nitrosethylin is fonned (see the above equation), the nitrous acid first 
set free being immediately resolved into nitric oxide and nitric acid. Nitrosethylin 
absorbs hydrochloric acid gas, forming a thick liquid, in which, after the excess of hydro- 
chloric acid has been removed by a strt^arn of carbonic anhydride, crystals are formed, 
w’liich di.ssolve easily in water. The action of chlorine on nitrosethylin also gives rise 
to crystalline products. 

xrZTROSO-MAXiOXrZC ACZD. C®IPNO® 0®HVNO)0^ (Baoyer, Ann. Ch. 
Phann. exxxi. 293.) — 'fhis acid is produced, not directly from inalonic acid (iii. 799), 
but by the action of pota.sh on violuric acid, C*H®N®0*, w’hich is itself produced by the 
action of nitrous acid on barbituric acid (maloiiyl -carbamide, CJT*(C^H‘‘*0-)"N’‘^0), and 
has the composition of nitro.so-malonyl-carbamide, CIl(N0)(C^H''‘0®)"N-0 (see Ubic 
Acid, Di-uuvatives of). The reaction is as follows : 


'jN* + 2ff0 = + [C’H(N0)0g;j0. 

Nitroso-mnlonyl- Carbamide- Nitroso-tn.ilonlc 

carbamide. acid. 

Malonic acid is produced from barbituric acid in a iDrecisely similar manner. 

To prepare the acid, Adolurate of pota.ssium is w;irmed with potash-l(‘y of specific 
gravity 1-2; the brownish liquid is decolorised by addition of a slight excf .ss of acetic 
acid and a few drops of alcohol, then filtered and mixed with about twdeo its volrnno 
of alcohol; the nitroso-malonate of potassium, wdiich first separates in oily drops and 
then crystal lise.s, is converted into a silver-salt; and this last is decomposed with hydro- 
chloric acid. The solution thus obtained yields nitroso-nialonic acid, by evaporation 
in vacuo, in shining prismatic needles, very soliihle in w'atcr, and containing water of 
ciystallisation which tliey giro otf over oil of vifiiol. Tim aqueous solution begins to 
decompose when gently heated, and is comjdetely resolved at the boiling heat into 
prussic acid, carbonic iinbydrido and water : 

0W(N0)0^ = CNH + 2CO* + H^O. 


[C®H(N0)02]" 

(00)" 


The diy acid heated on platinum-foil, first melts, and then decomposes with a sharp 
report. 

^ Nitroso-malonic acid is dibasic, but only neutral salts of it have been obtained ; the 
nitroso-malouatf's of the alkali -niet^ds dissolve readily in water, but are precipitated by 
alcohol ; those of the earth-metals and heavy metals are insoluble or sx^^iringly soluble, 
and may be obtained by precipitation. 

The potassiu7n~saU, C’*nK*(N0)0^ is preeij^itated from its aqueous solution by 
alcohol, in oily drops which soon solidify if the alcohol be quickly added, in larjjer 
laminae by slower precipitation. The lead-salt is a crystalline precipitate containing 
C'-nPl)"(N0)0*.2lP0. The silver-salt, C®irAgZ(N0)0MT‘'0, is obtained as an 
amorphous x>recipitate which soon becomes crystalline. It is blackened by lighh 
dissolves easily in nitric iicid and in ammonia, and does not part with its water of 
crystallisation at 110^. 

The soluble salts of nitro.so- malonic acid give a red colouring with ferriccMoridSf ttJid 
a dark olive-green precipitate with cupric salts. 
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Amidomalonio acld^ C’H’(NiP)0\ A product of tlio reduction of nitroso>maloDia 
acid l)y sodium arnuJgam : 

C“H»(N0)0* + n* - C*H»(NII*)0< + H“0. 

jt orystaliiscs from aqueous solution, by evaporation in vacuo, in ratlier large, ill- 
dtdiiicd, shining prisms ; by precipitation with alcohol in needles. The crystals con- 
tiiin water, which they gradually lose over oil of vitriol. Tiie acid melts when heated, 
giving off carbonic anhydride, and leaving a residue ofglycocine: 

C»H»NO* = CO* + C^'H^NO*. 

The same decomposition takes place on warming the aqueous solution. 

Amidomalonic acid is quickly decomposed by oxidising agents. When Minff is 
added to an aqueous solution of the acid containing a small quantity of iodide of 
potas.siam, the pioduct ismesoxalic acid (iii. 932). 

C*H*NO* + H*0 + P = C*IPO* + III + NIPI 

Amidomalonic Mcsoxalic 

acid. acid. 

The amidomalonates of the alhali-melah are easily soluble in water and are pr*- 
cipitated in crystals by {ilcohol. The other amidomalonates are sparingly soluble 
oi-ys till line precipitates. The barium-^ and calcium-salts dissolve with tolorablo facility 
ill hot w'ater, and crystallise therefrom. The copper-salt is a white-green precipitak^. 
The potassium-salt mixed with cupric acekiti^ appears to form a blue double salt. 
The alcoholic solution of the acid heated with cupric salts, throws down cuprous 
oxide. The lead- and sUvcr-salts are crystalline precipitates. The acid appeal’s lo 
no monobasic, forming with neutral acetate of lead only one salt conlainiug 
C«lI'Tb"N=‘0*. 

lVXTaoSO»rAPHTHAX.ZXflr. C‘®H‘‘(NO)N? Perkin and Church (Chein. 
Soc. (|u. J. ix. 1 ; Jahresb. 1856, p. 607), by tlie action of nascent hydrogen on 
dinitronaphthulene, and by that of nitrous acid on naphthylaminc, or of nitrite of 
potHssium on hydrochlorato of napththylamine, obtained a dark coloured crystallino 
fciilAStance to which they assigned the above name and formula. But from subsequent 
researches on the action of nitrite of potassium on salts of nuptlitliylamiiie (Chem. Soc. 
J. xvi. 207), they conclude that the product formerly obtain<'d was net a definite com- 
pound, but a mixt>uro of two or more different substances, and that when proper pre- 
cautions are taken to ensure a definite reaction, the product consists essentially of 
.'iKod inaphthyldiamine, (p. 2.3); they are al.^o of opinion that the body 

formerly described by them as nifro.sonaphtha1in has no existence. Considering how- 
ever that tliis supposed body is exactly aniilogous in composition and -mode of for- 
mation 1.0 nitrosethylin and nitro.sopheiiylin, :ind that the reaction by which it was 
originally obtained is said to have given rise to the formation of more than one com- 
pound, its existence cannot perhaps bo regarded as completely disproved. The action 
of nascent hydrogen on di nitron a phthiilene, by which nitrosonaphthalin wajs first ob- 
tained, does not appear to liave been re-examined. 

NlTROSOPHSATYl^Zir. C"IPX-0 = C®H®(NO)N. Perkin and Church 
(Chem. tSoc. Qii. J. ix. 1). — This substance, which is analogous in composition to 
nitrosethylin and nitrosonaphthalin, and may be regarded as phenylamino (C*H'N), 
in which 1 at. H is replaced by NO, is obtained by the action of nascent hydrogen on 
dinltrobcuize.no. Wlien a piece of pure zinc is immersed in a cold saturated alcoholic 
solution of diuitroboiizene, and strong hydrochloric acid is gradually added, t^o evolu- 
ti(m of li3 (lrogen soon ceases, and the liquid gradually acquires a crimson colour. At 
the end of the reaction; the zinc is to be taken out, tJie liquid completely neutralised 
w'itli alkali, and the dark coloured zinc-oxido repeatedly washed with strong alcohol. 
Tlie alcoholic solution when evaporated, leaves nitrosophonyliii, w’hieli may be purified 
by washing with water, re-solution in alcohol, and evaporat ion over the watcr-batli. 

i'iitrosonhenylin is a Idack, shining, brittle substance, which melts when heated, and 
tlum decornposos ; is nearly insoluble in water^ very slightly solublo in hrmene^ easily 
J'olubh* in acids and in alcohol. An alcoholic solution containing only 0-2 per cent, 
nitrosojdicnylin appears opfique and of a shining orange-red colour by reflected light, 
i^troiig hydrochloric or sulphuric add dissolves niti’osophenylin with a splendid crimson 
colour; boiling nitric acid^ with yellow; fuming sulphuric acid^ with brown colour. 
A^ahs precipitate it from its acid solutions without alteration, at least if they act for a 
snort time only. By the prolonged action of nascent hydrogen, nitrosophenylin is con- 
verted into a colourless substance not containing oxygen. When heated with 
Jt gives off all its nitrogen as ammonia and aniline. 

SrrrROSO-PZPSRZBXlVB. See Pipbrimnb. 

^ 1 2 
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IVZTROSO-SirXiPBATEBf comtnonly called Nitrosulphates, These salts, pro- 
duced by the simultaneous action of nitric oxide and sulphurous anhydride on alkaline 
liquids, are usually regarded as sulphates in which one atom of oxygen is displaced by 
2 atoms of nitrosyl, r.rj. K^SOX^O)* A dry mixture of 2 vol. sulphurous anhydride 
and 4 vol. nitric oxide, though of itself permanent, is gradually absorbed by a, strong 
solution of caustic potash or soda, with formation of a nitrososiilphatc of alkali-nieta.l. 
KitroHosulphate of tunmomum is preparKl by passing a current of nitric oxide gas for 
sonje hours througli a cooled mixture of one measure of couceiitratcd solution of snl- 
phito of ammoTliuin with five or six measures of aqueous arurnoiiia. Beautiful white 
crystals gradually form, which arc to be washed with an ice-cold solution of ammonia, 
dried ill vacuo, and preserved in a w'ell-closed bottle. The potassium- and sodium-saJts 
may be prepared in a similar manner. They aro rather more stable than the ammo- 
nium-salts. 

Kitrososulphato solutions have a sharp bitter taste ; they are neutral to test-paper 
and do not give any precipitate with chloride of barium. Tliey are permanent only at 
the freezing point or in presence of an excess of caustic alkali. Their spontaneous de- 
comjiosition into nitrous oxide and a sulphate varies in its rapidity according to the 
tenqicrature. Free acids and most metallic salts transform the nitroso-sulphatcs im- 
mediately into sulphuric acid and nitrous oxide gas. A similar decomposition of the 
sails is clfeett^d by contact with spongy platinum, charcoal, oxide of silver, peroxide of 
manganese, &c. : — 

K^SOXNO)* = K*SO‘ + N'-'O. 

Dry nitrososulphate of ammonium is decomposed with almost explosive violence when 
heated to a temperature a little above that of boiling water. {Odlings Manual of 
Chc7tiistri/, p. 272.) 

iriTROSTZZ.BXC ACID. C“n»(N02)0«?— An acid formed, together with 
several other products, by the action of boiling nitric acid on stilbene (g. v.). It is a 
yellowish powder, nearly insoluble in water, but soluble in alcohol, and still more so 
in ether. (Laurent, Kev. Scient. xvi. 373.) 

ETITROSTTROXi, Syn. with Nitrocinnamene. (See Cinnamenr, i. 983.) 

IfXTROSirXiRBAXiZC ACZD. Lauren t’ 8 name for the compound SOXNO*)H, 
which he supposed to constitute the crystals of the sulphuric acid chambers. 

SrZTROSirXiPBATBS. Syn. with NiTROSo-suLriiATKS. 

BZTROSVi:.PHIDSS OP XROB. See Iron (iii. 391). 

XBTXTROBUXiPBOBBIirZXDZS. See Sux.puouknzide. 

RTXTROSBXiPHOBEK'ZIDIC ACZD. Syn. with NiTRoriiENYL-sui.PiruRous 
Acid. (See Sui.phukous Ethers.) 

Xfl’XTROSVBPBOCYlVXOXiZC ACZD. See SrtriiocYMOT.ic Acid. 

xrZTROSVZ.PBOB'APBTBADZC ACZD. See Sudphonaphthai.tc Acid. 

BTITROSiriiPHOTOXinYXiZC ACID. See SuLPHOTOLUYiac Acid. 

XfZTROSVXiPBOXYZjOXiZC ACZD. See Sulphoxtlolic Acid. 

BZTROBYB or AZOTYD. The name of nitric oxide in combination. 

VXTROSYXiy CHZiORZDBS OP. Nitrosyl forms two chlorides, a proto- and 
a di -chloride. 

The pro tochloride, NOCl, also called Chloronitrous gas, is produced by the direct 
combination of chlorine and nitric oxide ginses, 1 vol. <!ll and 2 vol. NO uniting to 
form 2 vol. chloride of nitrosyl; it also constitutes the principal product of the latter 
stage of the decomposition of nitromuriatic acid (p. 112). 

Protochloride of nitrosyl is a deep orange-coloured gas. It is condensed by a freezing 
mixture of ice and salt, into a red fuming liquid, possessing the peculiar smell of nitro- 
muriatic acid. It is decomposed by water into hydrochloric and nitrous acids, and 
acts in a similar manner on alkaline hydrates, forming a chloride and a nitrite of the 
alkali-metal: 

NOCl + 2iaiO = KCl + K(N0)0 + IPO. 

It is decomposed by mercury, with formation of calomel and liberation of nitric oxide: 

2NOC1 + Ilg* = Hg*CP N'-'O*. 

It does not act on gold or platinum. 

Dichloride of ^itrosgl, NOCP, called by Gay-Lussac, who discoverod iti 
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Chloro-niti'ic g(M^ is obtained by distilling, at a gentlo beat in a water-batli, a luixtiiro 
of 1 pt of strong nitric acid with about 3 pts. of hydrochloric acid. Tlie product.s 
should be passed first through a vcsstd surrounded with ice, and then througli a U-rul>o 
initJirrsed in a mixture of ice and salt. In tliis tube the compound condenses, wliile 
free chlorine escapes as gas ; 

HNO* + 3HC1 = NOCl« + 211*0 + Cl. 

Diehloride of iiitrosyl is a transparent, red, fuming liquid, which may bo dried over 
chloritle of calcium. It boils at —7°, being converted into a deep lemoii-yellow gas or 
vapour, smelling strongly of nitromuriatic acid. AVhen dt?composed by alkaline hih 
dratts, it forms a nitrate as w'oll as a nitrite and chloride of the alkali-metal, thus: 

2N0CP + eXHO == 4KC1 4- KNO^ + KNO> + 31P0. 

It reacts in a similar maimer with water, producing nitrous, nitric and liydroehloric 
acids. With excess oi mercury it forms calomel and nitric oxide. It does not act on 
gold or platinum. 

irZTROTA&TARZG ACZB. See Taktaric Acid. 

M‘XTZlOTHBZlir&. Syn. with Cholestrophane (i. 026). 
irZTROTOXiUZDZXrB. Syn. with Nituodenzylamink. (Sec Benzyj, amine, i. 676.) 

XVZTROTOZiUZSSI'S or RTlTROTOZiUOXi. Syn. with Hydride of Kitro- 
iiENzyn. (Sec Brvzyl, Hydride of, i. 671.) 

irZTROTOX.irYX.A]M;iB£. Sec Toldylamidk. 

1VZTROTOX.VYX.XC ACXB. See Tolcylic Acid. 

RXTROTYROSIM'B. See Tyrosine. 

NITROVAIiBRIAXTIC ACIB. See Valerianic Acid. 

WITROVBRATRZC ACZB. See Veratric Acid. 

XrZTROVBRATROB. See Veratrol. 

»rZTROXAM;YZ.SN-E. Sec Amyi.enb (i. 208). 

RXTROXAM[YX.£»r£, xgXTROXYSVBPHZBS OP. The name given by 
Ciiilhrio to the compound C'^H'^StNO-)^ prodiiecd by heating disulphochroride of 
ninylcne (i. 209) with strong nitric acid. A violent action then takes place, the disul- 
I'iiocliloride being partly converted into sulphuric, hydixx-hloric, and exalic acid, logetiier 
wifli a cunjugated sulphuric acid, not yet examined, partly int ) the comjiound 
(’“’JI'^S( NO')«, which distils over as a heavy green liquid, insoluble in ivater, and may 
be obtained pure by washing and drying. It is soluble in aIc«)hol and ether, and 
appears to be very easily decomposed by suljAiide of ammonium. (Guthrie, Cliein. 
Sue, (iu. J. xiv. 138.) 

If XTROXIR* or mXROXYXi. Syn. with Nitryl. 

RITROXYBBSrZOZC ACIB. See Oxybenzoic Acid. 

RITROXYXiEMS or »rZTROXYZ.O]:.. See Xylenb. 

R'XTROXYXi-PZPERZBZXtrE. The name given by Wertheim to the compound, 
C'^II"'(NO)N, more properly called Mtroso-pipendine. (See Pi pe bidin b.) 

RZTROXYKAPKTKAEZC ACZB. C'»H»NO» = C’«IP(NO-*)0 ? (Dusart, 
Compt. rend. lii. 1183 ; R«';p. Chim. pure, 1861, p. 316 ; Jahresb. 1861, p. 6U.)— An 
acad [troduced by the oxidation of nitronaphtbalone. When a mixture of 1 pt. nitro- 
naphtlialene, 1 pt. caustic potash, and 2 pts. slaked lime is heated to 140^ in a 
tubulated retort, through which a current of air or oxygen is slowly passed, the gas 
IS absorbed, the mixture turns yellow, and the oxidation is nearly completed in ten 
or twelve hours. Water extracts from the product a reddish-yellow potfisisium-salt 
pos.ses.‘<ing great colouring power, and acids added to the solution tlirow down a thick 
yellow magma of nitroxynaphthalic acid, w’hich may bo purified by washing with water. 

Nitroxynaphthalic acid dissolves easily in water, alcohol, wood-spirit, and acetic acid, 
and crystallises from the latter on cooling in needle shaptHl crystals of a fine golden 
yd ow colour. It has a cooling taste with bitter after- taste. It melts at about 100“^, 
and is not volatile. It is a weak acid, forming with the alkalis, strongly coloured] 
'ery soluble, crystallisable salts, the solutions of which form coloured precipitates 
unites witji acid sulphate of potassium, forming a colourless 

Dusart assign® to nitroxynaphthalic acid the formula C^ir{NO*)0,llO, and to it® 
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saltB tlie formula that is to say he regards the acid as differing from 

nitronaphtluilene by the addition of 1 at, water (//O), and 1 at. 0, or by 1 at. I/O^. As 
such a constitution is contrary to all analogy, Wurtz (R^p. Chim.pure, 11161 1 p* 316) 
simsestH that the acid may be formed from nitronaphthalene, either by addition of 2 at. 
HO, making the forniiihi or C‘®H'’(NO0O, or else by addition of 2 at. 

JiO^ or no to 2 at. nitronaphthalene, which would give the formula 

NItroxynapljth/ilic acid becomes lieatcd in contact with sulphuric acid, and eliminates 
sulpliuivuis anhydride. It is strongly attacked by nitric acid, yielding oxalic acid and 
a rtsin wiiieli by prolonged action is converted into phtlialic acid. Hy reducing agents 
it is converted into oxynaphthylamino, a weak base to which Dusart assigns the 
forjnnl’i It is more probably cither C‘“H"NO‘ or C‘*®II“N-0^ 

irXTRirM. This name is or lias been applied to several sails of nitric acid and 
products derived from tliem, e.g.: liitrum antiimmiatum : an obsolete pharmaceutical 
preparation consisting cbielly of nitrite of potassium mixed with nitrate and sulphate 
of potassium, obtained as a bye-product in the preparation of washed oxide of antimony 
{^emthnomiim diaphoretic urn ablutimi), by igniting sulphide of antimony with saltjietro 
and washing tlio product with water . — Hitrurn cuhhmm : nitrate of sodium . — Nitrum 
Jixnm: nitrate of pota.s.sium ; also carbonate of potassium obtained by deflagrating salt- 
petre with charcoal . — Nitrum flammavs : nitrate of ammonium. — Nitriiw, tahulatum 
OT Sal prunella : fused saltpetre (p. 101). 

WZTRYlb. Nitric peroxide in combination (sco page 77). 

VrOMSXrcljATVRE. Chemical nomenclature is the spoken language of 
chemistry, as the Symbolic Notation is the written language of the science. Being 
tljus at once tlie product and the instrument of thougiit upon cliemical sul»j*ccts, it has 
necessarily, at ev(‘ry period in the history of the science, reflected the general intellec- 
tual character of the time, as well as the stage of development wdiicli chemistry had 
reached. Thus tlic early and deeply rooted belief that the hcaA Oiily bodies exercised a 
direct influence on all lerrcstriu] affairs, gave rise, among the early cult ivators of 
physical science, to the idea, that severally determined the characters and properties 
of the different metals ; and this ij^ea recorded itself in the language of chemistry by 
such names as Sol for gold, L?nia or Diana for silver, Mercury for quicksilvcT, Jupiter 
for tin, Mars for iron, Vcuais for cof>per, and Saturn for lead. Traces of tills nomen- 
eJature still remain in expressions not yet gone quite out of use ; as Lunar causlic, arbor 
Diana, Martial pyrites, tincture of Mars, Saturnine jxasoning, and the like, to say nothing 
of mercury, which is still universally employed. The language of tlie alchemists was ■ 
made up in great, part of nam(\s involving far-fetched comparisons, indicatingthe mystical 
habits of thought of those who invented and employed them, so that it is now next to 
impossible to say npoii what principles it was founded — if, indeed, it was based upon 
any general principles at all — or wdiat idea.s it was meant to eonvey. In tlie language 
of Lavoisier, speaking of the alchemists — “ II leur aura.it btb difficile do transmettre a 
lours lecteurs ce. qu’ils n’avaiciit pa.s cnx-memes, des idiics justes et vraios. I)e plus 
lour ohjet n’etnit pas toiijours de se faire entendre. Ils se servaient dhin langago <^nig- 
inatiqne qui leur etait particulier, qui, lo plus souvent, presentait uii sens pour les 
tideptes, un autre sons pour le vulgairo, et qui ii’avait rien d* exact ct de chair ni pour 
les uiKS, ni pour les aiitres. C’cst aiiisi qne riiiiile, le mercure, I’eau clle-meme des phi- 
losophes n7"taicnt ni I'hiiilc, ni le nnu’ciire, ni I’eau dans lo sens quo nous y attachons. 
Ij'honw gakaius, rhornme iirme, dc^-signaituiiecucurbito garnio deson chapiteau; la tete 
de mort, uu chapitcau d'alernbic ; le pelican exprimait uii vaisseau disiillatoire; lo caput 
mortuum, la terre darnnee, signifiait le rAsidu d’une distillation.” At a later period, ideas 
of a more material ord(*r insf)ired the language of our science, and slight resemblances 
in some external character bet ween certain chemical products and common articles of 
Itoiisehold life, gave rise to sueli names as oil of vitriol, oil of tartar by deliquescence, 
cream of tartar, milk of lime, butter of antimony, sugar of lead, liver of sulphur; — 
names which surely justified Dumas in saying “Les chiraistes semblaient avoir emprunt^ 
le langage des cuisinicros.” But tho inappropriate character of the names of indi- 
vidual 8ub.stances was not tlie only defect of chemical nomenclature in early times : 
another great fault was the multiplicity of names borne by a single substance. Thus, 
for example, the l)ody now known as sulphate of potassium was called vitriol of potash, 
niiriolised tartar^ viirioliscd nitre, sal de duohus, arcanum duplicatum, sal dupUcaiurn, 
panacea duplieata, sal polychrestum Glauberi ; and carbonate of potassium wa» 
fxed salt of tartar, fixed 'vegetable alkali, aerated fixed 'vegetable alkali, chalky tartar 
(tartre crayeux), mephitic tartar, nitrum fixum per se, Alkahest of Vanhelmont, aloali 
extemporaneum, &c. 

According to Lavoisier, the merit of having made the first attempt towards 
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. fpQ^iiiction of a nomenclature based upon truly chemical principles, is chiefly duo to 
M icqucr and Baum 6 : “ C’est k cux qu*on doit principfilcment d’ avoir designs les 
iris metalliqiies par le nom de I’acide ctdu metal qui cii treat dans lour composition ; 
(I tivoii’cliisse sous Ic iiom dc vUrioh torn les sols resultants de la dissolution d’lino sub- 
It nice mctallique dans I’acide vitriolique; sous le nom do. mtns tons les sols dans 
b^niiols cntro i’acido nitrenx ” [nitric acid]. A further advance towards a systematic 
iioiiKMaiatiire was made by Bergman in hi.s Sdographia regni mlmrads, first pub- 
I'i'shod in the IJpsal Transactions, and issued separately in 1782 (the edition that has 
lK-<'n con.«nlted is dated London, 1783), and in his Thmfghts (m a Natural Sif stem dossils 
Tinbli!^h‘^*d at about the same time. This work has been consiilt(!d in “Essays Pliysical 
and Chemicul, by Sir Torbern Bergman,” l^dinb. 171)1. In the former work, names 
nvroio up of noun-substantivo to indicate the base, and an adjecrive demoting the acid, 
are given to the salts of the alkalis, earths, and metals. The following is a specimen 
of this nomenclature : — 

Modern name*. Bergman’s nameJ^ 


Sulphate of Potassium 
Nitrate ,, 

Chloride ,, 

(hirbonato „ 

Sulphate of Sodium 
Nitrate „ 

(Jliloride „ 

Carbonate „ 


Alkali vegetahile vit riolatiun, 
A I kali vegrtalnle. n i t ra tn/n. 
Alkali vegitalnlti salitum. 
Alkali vigctahile aeraium,. 
Alkali mmerale vitriolaiiim. 
Alkali whierah nitratim. 
Alkali mhuralc salitum. 
Alkali mincrale acratum. 


The cartlis being distinguished as terra jmich rosa^ cal magnesia^ argilla^ and terra 
ilia a, the name.s of their salts vv(‘re. formed in the same way as those of the salts of 
tlie alkalis: as, terra pan derosa vUrwlata, caix fluorala, magnesia acrata. The metal- 
lic salts also were named in the same manner, e.g./errum ■iutriuhttum,ferrmna(lratu.m, 
fer/'um vitrulum., ferrum salitum, i^meum vitriolatmn, &c. In tlie second of tlie works 
'mentioned above, the latter part, of which specially trea^ “Of giving Name.s to Fossils,” 
Bergman suggested a still more systematic nomCqfjlilture#\ In the first place, lie pro- 
posed to designate all metals by names ending iu -w, and accordingly replaced the 
■jlaiifia of tins iHpaniards by platinum. Tim acids he denoted by adjectival substant i ves, 
iis follows: — (sulphuric), sufphurvtim (snlphnronsj, nilrosum (nitric), 7ii- 
In irm (nitrons), muriaticum, regal iri?o)i,JIuaf"<f turn, arsenicale, horaewum, saccluirinum, 
oxaUium, tariaruni, 2 )hosph)r(Uniy forniivale, a<ireum,k\\ — acidum being in (?{.ich case 
understood. By adding to the names of the acids adjectives formed from tliose of tlio 
several bases, he obtained names for tlie neutral salts ; as, for (‘xample, vitriolicum 
■jHitassinatiuii, vitriolicuni tiutratum, mtmaticum ammoniacum, mtrosum harytatum, 
■muriatkum harytaium, nitrosum argentatum, arsemcale cohaltatum. lie oven went so 
far as to point out how salts formed by the combination of the same acid and base in 
various proportions might b£5 distinguished: thus — “Tartar, with an excess of acid, 
can b(> dcthie<l by a combination of its generic name with the genitive of its base, as 
lartarcmn p()tassini ; but, when pcTfe.ctly .saturated, may be called tartareuni po* 
tassinaium. In like manner we shall have oxalimim potassini, but, wbeji exactly 
satui-Mted, it will he. oxeilinuin poiassinatim ; xntriolicum natri, and miriolicuiu natra~ 
turn ; natrum boracini [horacinum 77atri!'\, horacinum natratum ; and so on of 
othcr.s.” We have in this pa8sag(? probably the first in.stance of the systematic cinploy- 
incMit of the method which has been used to .so great an extent, and wdtli so much 
advantage in modern clieinical nomenclature — that, namely, of employing definite 
inllcictions or changes of termination to express d(;finite differences of composition. 

About the same time that these reforms were proposed by Bergman, a .similar 
attempt was made in France by Guyton de- Morvean. The suggestions of the 
■Ircnch cliemi.sfc were first published in the Journal de l%ysi(i%ie ii)X^'^y, 1782. and were 
known to Bergman when he published his later system: for he expressly states tlnit 
he adopts the terms barites in place of ten'a ponderosa from de Morveau, but he at the 
same time asserts, by implication, the independent character of his own nGmcriclatui*e, 
by exprcs.sing his satisfaction at the agreement he fiiuls between many of de Morveau’s 
proposed reforms and his own. The respectful terms in which each author speaks of 
the other, forbid us to think that either was in any degree chargeable with plagiarism; 
hut the following specimen of de Morveau’s nomenclature (quoted by Dumas in 
his Lee^ons de Vhilosophie Chimique, p. 228), will show' that it closely resembled Berg- 
inan’s, not only in the principles of its formation and its range of application, but also in 
eeveral of the individual names adopted. 
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Specimen of Guyton de Morveau*s systm of Chemical Nomenclature, 


Acides. 

Sell. 

Baaei. 

Vitrioliquo 

. Vitriols 

Fhlogistique 

Nitreux . 

. Nitres 

Calce 

Arsenical , 

. Arsen iates . 

Baryte 

Boracin . 

. Boraxs 

Or 

Eluorique 

. Eluors 

Argent 

Citron ien . 

, Citrates 

Plaline 

Oxalique . 

. Oxalti'S . , 

Mereure 

Subac4 

, Se hates 

Cuivro 

Esprit de vin. 


Although de Morveau’s suggestions do not appear to harp produced any immediate 
cffeft of importance, tA*. attention winch he succeeded in calling to the subject resulted 
soon jifterwardH in the publication of a much more comtdete and more successful plan 
of reform. This system of nomenclature— the joint production of Lavoisier, de 
Morveau, Bcrthollct, and Fonrcroy— was published in 1787, under the title MUhade 
de Nommclature Chmi<iiu‘, proiiosk j)ar MM. de Morveau, Lavoisier, lierthold, et de 
Fourcroy,'’ (Paris, 1787, 8vo.), and still continues the foundation of the lan- 
guage which, with many variations in minor points, is employed by all chemists at 
the prc.scnt day. It was bast'd upon the fundamental propositions that all substances 
which cannot he decomposed must bo regarded, provisionally at least, as simple ; and 
that the names of compound bodies ought to indicate the simple bodies which they 
contain, and also, as far us po.ssihle, their relative proportions. Thus the compounds 
otoxighic were subilivided into oxides and addes, and these latter were again dis- 
tinguished by specific names ending in -eux or dque respectively, according a.s they 
contained le.ss or more oxygen: for example, oxide d^arsemc, acide arshiique, oxide 
nitreux, acid-e 7 iitre.ux, adde nitriqtie; filicide sulfurettx, acide suifurique, Wlien, 
however, several conipound.s of the sa|i^ elements in different proportions were known, 
it was found impracticable to curry second fundamental rule to its full extent, 

and in such cases, as for instance of the organic acids, arbitrary names were 
adopted, wliicli recalled the derivatidi^i^f the substances to which they were applied, 
and were similar in form to the naniilw formed more strictly according to rule. Thus, 
for cxani{)lo, came such names .as acide sucemique, acide malique, acide tarfureux, &:c. 
The very important rule according to which the names of metallic and other salts are 
formed from the names of the corresponding acids— the fornuT being made to end in 
•tie or -ate respectively when tlie latter ended in -eux or -iqiic — was also now intro- 
duced for the first time. The nomenclature of this class of bodies thus hecumo very 
nearly what it ie at present, as will appear from a few examples: — sft/fatc. d'alumine, 
or sulfate alumhmix; riitrite dUimrnoniiiquejOTnitriie ammoniacal ; nitrate d'ammoniaque 
or nitrate ammoniacal; carbonate barytique, or carbonate de baryte ; phosphate de 
soude, &c. &c. 

The minoral acids, oxides, and neutral salts being almost the only chemical sub- 
stane^iM which had been much studied at the time of which we are speaking, it is no 
reproach to the noroenclat are of Lavoisier and de Morveau to siiy that in its originnl 
form it was not applicable to many compound bodies besides these ; but the fact that 
so much of their sysN-m is still relaiiK'd, and that our present norncnelature has 
resulted from it by a process of <hn’elopment, rather than of organic change, is a 
Striking proof how well they succeeded in their professed object of devising “uno 
m^thode de nommer, plutot (pi’iinc nomenclature.” 

It is obvious from what has been said tlwt Lavoisier’s nomcnclaturo was an em- 
bodiment of the ani ipli logistic doctrines in chemistry, and accordingly we find that the 
history of its sprea-d and adoption is, in tlie main, the hisloiy of the advance of these 
doctrines. It naturally came into general use earlier in France than elsewhere, but 
according to Kopp CCesehickte, ii. 418), it was adopted by Black and other loading 
English ehemistjs almost from tlie first.* The Bysteme de Nommclature was translated 
into English by Pearson, the translation reaching a seccncl edition in 1799. In 
1802 Chenovix published a work, ably advocating its adoption, and one of the 
earliest important improvements which it received was due to Dr. Thomas Thom son, 
who in 1804 intioduced the terms protoxide, dmtoxide, peroxide, &e., to distinguish the 
different degrees of oxidation of the siinie metal. The new nomenclature was translated 
into German by G irrtaiiner, in 1791, under the title Ncm ehemuche NomnclatUr 

• Thl« statcnipnt cannot be more than partially true in w far ai it reintra to Black ; for according tS ; 
Robison, “ tie dUliked the avowed principle of the nomenrlature, thinking It more likely to corrUtit : 
snence tiiau to promote it ; and he bepan to write some obsei vatious upon it, but he luoii tleslited.?;. . 
(Black's Lectures on ike Llemenit qf Chenmiry, vol, in p. 218. ) . 
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die. deutsche Sprache ^Berlin), but its general adoption in Germany was due in great 
ineasure to Gren ana to Gilbert, the editor of the Annalen der Physik, a journal 
-whii^h was the forerunner, from 1799 to 1824, of the present “Poggendorif s Annalen 
der Physih und Chemio.'* ^ In 1795 it was translated into Swedish by Ekeberg, and 
*ivas employ€*d by Berzeli us in his earliest memoirs. 

in 1814, a nomenclature based upon similar principles, but as was supposed by its 
ttutlior more in harmony with the genius of the languages of Northern Eurtjpe, was 
proposed by Oersted of Copenhagen. The following are a few examples of this 
nomenclature: Eld, oxygen (from lid =» fire, Danish)] Eldluft, oxygon gas; 
el den, to oxidise; Brint, hydrogen (from brcnnen = to bui-n, Germ.)\ Mach, 
alkali; aeschig, alkaline ; T a nseak, potash ; Natorsesk, soda ; S vafvolbri n tadt 
Svafveltanmsk, sulphydrate of potassium. 

1'Jie spread of the new nomenclature was not however altogether unopposed even by 
oliemists who accepted the most important doctrines of the antiphlogistic school. Sir 
Humphry Davy in particular objected to it, on the ground that it was based upon 
theoretical views of the composition of bodies. Wliilo admitting that the principle of 
regarding undecomposed bodies as simple, was “logical and truly philosophical,” ho 
i'oiitcnded that this principle could not be safely taken as the basis of a nomenclature, 
until all the elements were certainty known ; and hence he preferred sueli names as 
7 ?if:iaJs, earths, alkalis (which merely cIukSs together as similar the bodies to wliich they 
are applied), to names like oxides, sulphnrets, muriates (which involve a theoretical 
explanation of the similarity of the l)o<lies denoted by them). Jn a])plying these views 
to the nonK'iiclature of individual substances, Davy endeavoured “ to signify the analo- 
gies of substances by some common sign affixed to the beginning or termination of tbo 
word.” Tims, as the metiils had betm distinguished by a termination in nni&,a aumm, 
“so,” h(' said, “ their calciform or oxidated state might have been denoted by a termina- 
tion in a, JUS aura,'* a rule already followed in the Latin nomenclature of tin' alkalis 
and ("arths, which Davy’s own oxpt‘riinen1s had i>rovefl to belong to the cbiss of oxides. 
•Siiniliirly he proposed to denote the chloride| containing one proportion of ciilorine by 
uniiK's ending in -a7ic, and those containing twtt.;i9<l three proportions respectively, by 
iianu's in and in -anee ; for tlie iodides ho*pii(^osed names in -ame, and -ama ; for 
the tbiorides, iianu*s in -ale, and -ala. Aceoj<^|^b this system the oxide, tluorido, 
iodiih' and chloride of lead were called rtiap^'t^ly piumha, 2 ^lf*'f^djala, plumbama, 
aiul pfumhana, jind the corresponding compoun(fa* of other elements ree.eived names 
similar in form. When he [>roposed this nomenclature, Davy seems to have over- 
Inuked the fact that tlio statement that any two bodie.s are analogous, is just as truly, 
and usually to about the same extent, an expression of opinion re.spccting them, as it is 
to say that they contain some pjirticular element in common. I'he only relic of thi.s 
sysfinn which we remember meeting with in the current literature of chemi.stry is 
A/otjin, which is entered in the Ilandwbrterhmh der Chemie (2nd edit.) as “a littlo 
used naino for chloride of nitrogen.” 

Several other attempts, not more successful than that of Davy, have been made to 
sul)Stituto some entirely differeiit method of nomenclature for that proposed by 
L;ivoisi('r and his colleiiguca, but it woxild offer no particular interest to examine them 
here, Jiefercnces to works, where particulars may be found relative to some of these 
attempts, are given at the end of this article. 

It i.s also needless to particularise all the modifications, by the gradual introduction 
of wliieh the Lavoisierian nomenclature lias developed into the language employed by 
chemists at the present day. The most important of these changes have had for their 
object, cither the substitution of names in accordance with modern views of the nature 
ol i-ertairi substances for earlier names which were in opposition thereto (as of chlorhie 
and hydrochloric acid for oxymuriatic acid and muriatic acid respectively) ; the more exact 
statement of the quantitative composition of compounds (as for instance the employment 
of the prefixes per-, hypo-, &c., in addition to the terminations -ic and -ous, -ate and 
“/A, to distinguish the various classes of oxygen-salts formed hy the same element, and 
the use of numerical prefixes, such as di-, tri-, aesqui-, for analogous purposes) ; or, 
hiKtly, the introduction of greater uniformity in the methods of naming analogous com- 
pounds (as the employment of the termination -ide in forming the names of the binary 
compounds of all the elements, that is to say, the substitution of such names as sulphide, 
hydride, &c., for sulphurct, hyduret, &c. ; the extension of the use of the terminations 
-yc and -ous to metallic salts, such as mercuric and mercurous chloride, ferric and 
/rrroKs sulphate, &c. ; and the substitution of the names of the alkali-metals und 
alknline-earth metals for those of their oxides in the nomenclature of the corresponding 
oxygen-salts, e.g., carbonate of sodium, sulphate of barium, &c., for carbonate of soda, 
t^^ulphate, of barifta, &c., so as to bring the names of these bodies into uniformity with 
noso of the salts of the heavy metals, sulphate of copper for example"*) . 

an namefi Huirate de sonde, sulfate de baryte, sulfate de evivre. &c., were originally strictly 

Aiugous to each other, soda, barjrta and co|»per being ail of them regarded as simple b«>uieb j but 
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In staling the rules which are now most generally adopted in forming the names of 
chemical substances, it will be convenient to retain the old distinction between inor- 
ganic and organic compounds, the nomenclature of the former class being, as wo havo 
already stated, for the most part a mere extension of that of 1/i voisi or and his colleagues; 
while, among the latter class, tlio large number of bodies composed of the sumo olcrucutsl 
has necessitated the at least pai-tial adoption of other principles of nomenclature. 

Nomenclature of Inorganic Boihes. 

Na 7 ?i €8 of ike Elements . — No uniform principle has been followed in the nomencla- 
ture of the elementary bodies. Those which have been long known, have boon allowed 
to retain, cither entirely unaltered, or with slight modifications, the names which belonged 
to them in common language; as iron, sulphur, tin, zinc, carbon, &;c. Of ele- 
m<!nts discovered in recent times, those of which compounds wero previously known 
have generally received names derived from those of their best known compounds, jw 
potassium, sodium, aluminium, magnesium, silicium. Elements whose 
discovery belongs more completely to modern times have been named in very various 
ways ; sometimes from the name of the place whore the substance which first yielded 
the element w'as originally found, as strontium from Strontian, and yttrium, 
terbium and erbium from Ytterby; sometimes from some characteristic property 
of the element itself or of its compounds, as iodine, bromine, rhodium, osmium, 
chromium; sometimes from the circumstances which led to th(‘ discovery of the 
element, as caesium, rubidium, thallium, indium, all of which names refer to 
the colour of the spectroscopic lines by means of which tlio respective metals wero 
detected ; sometimes a salient chemical or physical jiroperty lias determined the choice 
of the name, as in the cases of oxygon, and chlorine. Many names of elements 
commemorate personages of elas.sicxil mythology, as pa 1 1 a d i u m, n i o b i u m, t i t a n i u m, 
selenium, tellurium, uranium; while tw'o, thorinum and vanadium, per- 
form the same office for iScandinavian deities. 

But notw'itlistanding this great variety in the sources from wdiicli the njimes of tin? 
elementary bodies are derived, these names yet exliiVnt a certain amount of regularity 
in regjird to their forms : thus, the majority of the metals, including all those discovered 
in recent times, have names ending in and this termination is confined cxclnsively 
to well characterised metals and to selenium, tellurium, and silicium, bodies 
which lie nearly upon the bordcr-li^e between metals and mftalloids; again, the names 
of the halogens fluorine, chlotine, bromine, and iodino nil end in -me, and 
the names of another gi’oup of somew'hat analogous elements, boron, car Iron, and 
silicon * (or silicium), have the common termination -07i. 

Names of hiorganio Compounds . — The simplest comjx>iinds of t he elementary bodies 


are denoted by names ending in -ide; thus: — 




The simplest compounds of chlorine 

are called 

chlorides. 

11 li 

bromine 

*9 

It 

b r 0 111 ides. 

»f >1 

hydrogen 

» 


hydrides. 

i» »j 

oxygen 


tt 

oxi des. 

11 11 

sulphur 


11 

snip h i d e s. 

ff f) 

nitrogen 

99 

If 

n itri dos. 

»v SI 

pho8]>horu3 

99 

it 

phosphides. 

If fl 

carbon 

99 

it 

carbides. 


&c. 



&e. 

These names may be considered 

as names of genera .* 

in order to denote individual 


compounds we require to add to them specific distinctions indicating the second element 
which each particular compound contains. The specific name of a compound body is 
formed from its generic name by prefixing an adjective, generally ending in -ic, or by 
adding thereto the name of its second elementary constituent preceded by of. Tims 

when the alkalis and earths had been proved by Davy to bo nictnilic oxides, the nomenclature of their 
salts ceased to be In exact accordance with that of the corrospondinj? sails of the heavy metals. Tho 
clumsy remedy for this state of things which consisted in designating tlie latter class of salts by names 
like Biiiphiite of oxide oj copper, sulphate of protoxide of iVow, sulphate of sesquwxide of iron, &C., 
would assuredly never have been adopted by Lavoisier. It is plain I nun many passages in his writings 
(see, for instance, his Trait6 &l6mt ntaire de Chitnie, vol. i. pp. ]74. J7G-1H0, and ll}n), tiiat ho whs fully 
aware of the important diireicnces exhibited by metals on the one hand, and by metallic oxides or 
alkalis and alkaline-earths on the other liand. In the phciioinena which accompany their conversion into 
salts, and that he even regarded these phenomena as indicating that the alkaline-earths were in reiility 
metallic oxides. He nevertheless did not venture to introduce into the nanies of the salts of these sub- 
stances, the names of the metals which he supposed them to contain, inatirauch as the existence of 
these metals had not yet been experimentally demonstrated ; but had these metals been known, ft ii 
<juite certain that their mimes, and not those of their oxides, would have been selected by him to foiHb 
the basis of the nomenclature of the corresponding salts. Sccalso C h e u e v i x, Remarks upon Ckem^ 
( Lonn. 1802), pp. 30, 79. 

* The name Graphon [q. v.) is formed upon the analogy of these. 
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tho compounds of chlorine with hydrogen, potassium and silver, respectively, are 
■iillcd hydric chloride or chloride of hydrogen, potassic chloride or 
chloride of potassium, and argentic chloride or chloride of silver. When 
the n^Jutive electro-chemical characters of the constituents of a binary-compound are 
well marked, the most electro-negative of the two is always taken as the one which 
phall supply the g^'neric name, while the specific designation is derived from the more 
electro-positive constituent, as in the foregoing examples. When there is no very dis- 
tinct dilterence in the positions of the two constituents in the clectro-chomical .series, 
thf generic or specific name may bo formed from cither of them indifferently : thus, u e 
juay say either carbi de of hydrogen or hydride of carbon. 

jf the same two elements combine in more than one proportion, the compound into 
wliicli they ent^r in the ratio directly indicated by their respective combining capacities 
((.'i issiKicxTiON, i. 1011) is generally named in accordance with the above rules; the 
inodes of distinguishing compounds in other proportions will be seen by tho following 

ex:vinph.>s : — 


JI-O 

H'-'O* 

CuCI* 

Cu'^Cl* 


CuO 

CirO 

heO 

Fo-0» 

MnO 

]Ma‘0» 

iAIn^O* 


cs hydric oxide, or oxide of hydrogen, 

«= hydric dioxide, or dioxide of hydrogen ; 

*= cupric chloride, or chloride of copper, 

= cuprous chloride, or dicupric chloride, or (if regarded as 

Cu'-^Cl^ » \ o 

CuCl = - I cupric hemichloride, or hemicli lori de 

of copper, or subchlorido of copper ; 
s:= cupric oxide, or oxide of copper, 

= cuprous oxide, or dicupric oxide, &:e.; 

= ferrous oxide, or protoxide of iron, 

= ferric oxide, or sesquioxide of iron; 

*.= manganous oxide, or protoxide of manganese, 
manganic oxide, or sesquioxide of manganese, 

= mauganoso-manganic oxide, 

s=3 manganic dioxide, or dioxidfe’of manganese, or manganic 
peroxide, or peroxide of manganese. 


It will bo seen that in the case of iron and manganese, the simple names ferric oxide 
and rea^Kjanic oxide are not given to compounds whose composition bears the most 
direet reljition to the atomicity of these metals, and many other instances of tlie same 
kind might be add\iced. The reason of this is that the nomenclature of these eorn- 
pouiuls was fixed long before the rules of atomicity bad been discovered ; tlie terms 
fViTOLis and ferric, manganous and manganic, and the like, liaving been employed at 
lir.sl merely to denote two distinct series of compounds formed V)y the same elements in 
difltTfiit proportions, but without any reference to the absolute proportion of tho elements 
in tlir c(nnpounds of either series. 


The noriicnclature of chemistry still bears traces of the time when tho combinations 
of oxygen were considered as altogetber transcending in importance tlioso of any other 
element. Accordingly the terms jmttoxidc and svaquioxide having been introduced to 
denote oxides whose atomic composition w'as. exiiressed by the ratios 1 : 1 and 2 : 3 
respeetively, the analogous terms ‘protochloridc and scsquichloride are applied to the 
corresponding chlorine-compounds, although in their case tlie above ratios become 1 : 2 
and 2 : fi, c.g. FeCl'^ proto chloride of iron, Fe-Cl" = scsquichloride of 
iron. Sometimes, however, the term protoxide is used tt) denote the or lowest, 
oxide of a metal whatever its atomic composition may he ; thus, for instance, cuprous 
oxid(‘, Cii'O, is sometimes called protoxide of copper, especially in the writings of- 
hreneh chemists, and tho other compounds of the metal receive corresponding names; 
e.ij. cupric oxide, CuO, becomes deutoxide of copper. Such names as these are not 
however to be recommended, since the discovery of a new' oxide of any metal might at 
any time tlirow the nomenclature of its compounds into confusion. 

i ormerly a distinction was made, at least by some chemists, between the Greek and 
Latin numerals W'hen used as prefixes, the former being employed to denote sub-mul- 
tiples and the. latter multiples of the quantity of the electronegative element contained 
Jti the compound who.se atomic ratio was 1 : 1. Thus, cuprous oxide, Cu'-^O, was called 
^oxide of coj^pr^ and manganic peroxide, MnO*, was called Hnoxide of manganese ^ 
Such prefixes, whether derived from the Greek or Latin, are employed in this work 
«my in the sense of multiples of those constituents to whoso names they are attached, 
tliUB, hydric dioxide, H*0*, is an oxide containing twice as much oxygen as hydrie 
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oxido, H*0 ; but dicupric oxide, Cu*0, ia an oxide containing twice as much copper as 
cupric oxide, CuO. Terms derived from either language may sometimes be usedindis, 
criminatoly, but in general the preference is given to the Greek prefixes rfz-, tri~^ tetr-^ &(, 

The restriction of the terms auboxide and peroxide to oxides whose composition 
did not correspond to that of a series of salte has now bocome nearly obsolete. 

Those oxides, which by reacting with the basylous oxides are capable of producing 
salts, are commonly called anhydrides {quasi anhydrous acids): — for instance, SO* 
sulphurous anhr/dridey SO* = sulphuric anhydride^ Cl'O = hyyochlorous anhydride^ 
CPO* so chlorous anhydride^ C1“0* «= chloric anhydride, Cl'O’ ^ perchloric anhydride, 
&c.; and Gerhardt proposed to extend the same principle of nomenclature to the 
corresponding eomponiidsof other elements : tlius he called V'^0^ phosphfjric anhydride^ 
and P^S^ ami PCP phosphoric sulphanhydride and phosphoric: chloranhydride respec- 
tively. Such names as these last have not been extensively adopted, and it would 
probably be a greater advantage to get rid of the term anhydride altogether than to 
generalise its use in this way. Tlie longest series of oxides may be easily named in the 
manner indicated above (p. 123) without employing the word anliydride at all : asCl*0, 
chloric oxide ; CPO^ chloric dioxide ; CPO*, chloric trioxide ; CPO*, chloric tetroxide ; 
Cr-'O*, cliloric ptmtoxide, ^c. Names like pe^'chloric oxide for CPO^ and pernitric oxide 
for N*0* are impn)per ; if the pr<'fix is preferred to the more definite numerical pre- 
fix tctr~, the coui{)Outuis should be called chloric peroxide and nitric peroxide respec- 
tively ; and so for other similar liodies. 

As well as tho strictly systematic names which w'o have hitherto been discussing, 
many binary compounds possess other names which must bo regarded as, to some ex- 
tent, exceptions to the general rules of nomenclature. This is the ease particularly 
with the compounds of hydrogen : thus liydric fiuorido, cldoride, bromide, iodide, anil 
sulphide am also called hydrofluoric acid, hydrochloric acid, hydrobromic acid, 
hydriodic acid, and sulphydric acid respectively. Names such as water and ammonia, 
which have no reference to chemical composition, we have not now to consider. 

As has been pointed out in previous articles (Classification, i. 1015 ; Equivalents, 
ii. 492 ; Fokmul^:, ii. 690), the simplest compounds am those in wliich the combining 
capacities of tho ehjments are generally most distinctly maiiifostcd, and const'quently 
such compounds serve as ebindards of comparison or types for olhors of mucli nioro 
complex composition. Tn a rational nomenclature, therefore, the nanu! of each com- 
pound w’ould, like its rational formula, express tho relation in which it stands to somo 
particular standard or typical compound. Accordingly, wJien the nomenclature of tho pri- 
niiiry types chloride, oxide, nitride, &c.,is given, the nomenclature of all their imrnedialo 
derivatives is easily obtained. The examples already given will suffice to illustrato 
this in the simplest cases ; tlie polyatomic elements liowevcr frequently form conqioundH 
refiTabio to multiple or mixed types, tho nomenclature of which requires a little hirtluT 
explanation. It will be sufficient however to give the names of the most important 
multiple and mixed types, with a few examples of tho nomenclature of individual 
compounds. 

The names of tlio multiple types are formed from those of tho simple types by pre- 
fixing tho syllables di-, tri-, t tr-, &c. : thus, the simple types chloride HOI, oxido 
H*0, and nitride (or amide) IPN, give the multiple types di chloride H-CP, tri- 
chloride JPOl*, &c., dioxide IPO^ triox i cl e H“0*, &c., dinitride (or diiimide) 
H®N‘, tri nitride (or triamide) IPN* &c. No very fixed system has yet boon adopted 
for the nornenelature of tho mixed typos, but they may be very siniply named and 

with scarcely any departure from established usage, as follows: = chloro- 

HCl 1 

bromide, > = dichloro-bromide, S « chloro-dibromide, &c. ; 

I =* oxi-chloride, I == oxi-dichloride, =» dioxi-chloride, 

I tpioxi-dichloride, &c. ; ^£ 5 ^ 1 ^ | ~ ch loro-nitride, | *** dichloro"" 

nitride, * chloro-dinitride, &c.; « oxi-nitride, « dioxi- 

11*0 ) ^ 
nitride, J « oxi-dinitride, &c.; H’O }► = oxi-chloro-n itride,&c. The' 

H»N J 

name hydoramide or hy dor amine has been suggested by Kekulo for the mixed type 

I I and has been employed in several places in this work. 

From the names of typos, the names of particular compounds are obtained bt 
prefixing to them adjectives which express the nature of the element by which 



NOMENCLATURE 


125 


the hvfJK’g®” replaced and the number of atoms of it contained 

n ono niolecule of the compound. Examples; PtCl* ~ platinic dichlo- 
1 pbW » diplumbic trioxide, Pb* 0 ^ triplumbic tetroxide, 
*’*^**’ . . Pb* / 

]’lr # Qs -- diplumbo-diliydric trioxide, jj., | 0 * = triplumbo-dihydric 

1 ^ ^ 1 ( PI ( CP 

tetroxide, Bi]Q = bismuthic o xi- chloride, Pb*<Q = diplumbicoxi- di- 
chloride, Pb*|Qw =» triplumbic dioxi-dichloride, Hg* = trimercurie 
dioxi-dichlorido, “ morcuro (or hydargyro-) dihydric chloro-ni- 

trido, =“ tetramercuro-totrahydric trioxi-dinitride, ^4 

- tetramercuro-tetrahydric dioxi -di chloro-dinitride. 


fCP 

Oa 

.N* 


Wlien we are able to assume that the combining capacity of an element is 
known, there is no need to express this in the names of its compounds, arnl in that 
c;is(‘ names formed as above often admit of considerable simplification. Thus it, is 
siitficicnt to call BaCP harytic chloride^ instead of barytic dichloride ; BaH-O* baryto- 
kf/dric oxide, instead of baryto-diliydric dioxide; BiCP bismuthic instead of 

bismuthic trichloride, &c. A further simplification of many of the above names is 
elfceted by using the term hydrate for derivatives of the tj'po IPO and its multi- 
ples in which the hydrogen is only partially replaced by other elements, and the term 
amine or amide for compounds derived by similar partial replacement from tho 
type H'N and its multiples. For instance KIIO may be called potassio hydrate in- 
of potassio-hydric oxide ; BaTl* 0 =^ may be called Ayc^m^fn'usteadof baryto- 

hydric oxide or baryto-dihydric dioxide; BilPO* may be called Usmuthio hydrate 
instead of bisnmtho-triliydric trioxidc ; Fo^H^O* may bo called ferric hydrate instead 
of diferric*o-h(^xliydric hexoxido, &c. Similarly, KIP'N may be called potasmviine, 
instead of ])()tasHio-dihydrie nitride ; K*IIN* may bo called di2)otasfia7nine, instead of 
dij)otii.s.s]o-liyiinc nitride;, <fec. The use of the terms phosphamiuo, arsenarnino, and 
sl ilaimino for tlie respective compounds lI*P,H*As, and H^Sb is improp)er, inasmuch 
as the termination -amine, (derived from ammonia) ought to bo reserved for the com- 
p.oniids of nitrogen, the cliaract.eristic element of ammonia ; they moreover completely 
violate tho analogy of such names as those last spoken of, for if potassamine and 
ijKrcurainino arci compounds derived from ammonia by the substitution of potassium 
and mercury for liydrogen, phosphamine, arsenamine and stibamine ought to be bodies 
pirailarly derived by the substitution of {Jiosphorus, arsenic and antimony for 
liydrogon. ITT*, IPAs, and IPSb ought to bo called either hydric phosphide, hydric 
am hydric stibide, ov phosphine, arsine, and stibinc. 

The rules followed for the nomenclature of tho oxygen- salts are essentially the 
fiamo as for tho compounds we liavc been hitherto considering, except that instead of 
tho terminal ion ~ide we have tho terminations -ate iind -ite. When an elemmit forms 
on'y ono class of salts, the mime of the class is formed from that of the clement itself 
hy moans of the termination -ate. When an element forms two classes of salts the 
g<‘iH ric name of those ■wliich contain most oxygen is usually formed in the manner 
just described, and the generic name of those containing less oxygen is similar but 
(■nils in -ite instead of in -ate. If the same element forms more than two classess of 
Kalis. th(* prefixes hypo- and per- are employed as further means of distinction, or 
ueeasionally some special system of nomenclature is adopted. The following examples 
will illustrate the application of these rules to particular cases : 

KNO- *= Potassic nitrite or Nitrite of potassium. 

AgNO* =s Argentic nitrite or Nitrite of silver. 

KNO* » Potassic nitrate or Nitrate of potassium. 

AgNO* Argentic nitrate or Nitrate of silver. 

Bu(NO*)* =» Barytic nitrate or Nitrate of barium. 

KCIO Potassic hypochlorite or Hypochlorite of potassium. 

KCIO* Potassic chlorite or Chlorite of potassium. 

KCIO* ss Potassic chlorate or Chlorate of potassium. 

KCIO* s» Potassic perchlorate or Perchlorate of potas sium. 

K“SW Potassic hyposulphite or Hyposulphite of potassiuiBu 

K*SO* as Potassic sulphite or Sulphite of potassium. 
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K^S'O* « Potassic hy posulphate or Hyposulphate of potaBsium. 
K*SO* =: Potassic sulphate or Sulphate of potassium. 

In a few cjises, names formed in the same manner as these are given to salts which 
differ otherwise than in the mere proportion of oxygen that they contain: ibj 
instance — 

KH*PO® s= Potassic hypophosphite or Hypophosphite of potassium, 

K'HPO* = Potassic phosphite or Phospliite of potassium. 

= Potassic phosphate or Phosphate of potassium. 


These three classes of salts differ, as will be observed, in respect to the quantity of 
hydi^ogen as well as of oxygen which they contain. The explanation of the anomaly 
presented by tlicir nomenclature is to bo sought for in the history of the views that 
have been held at various times regarding their constitution. 

The nomenclature of mixed salts, that is, of salts containing more than one metal or 
more than one radicle, is a little more complicated than tliat of such as precede, but it 
will be easily uiidenstood from a few examples : e, g . — 

KHSO^ = Ilydro-potassic sulphate orSulphate of hydrogen and 

, p o t a s s i u ra. 


KAl(SO«)* 


Ar*(S0*)0* 

Pe*(S0‘)20 

I»bir(N0''*)0 

PilP(NCP)0- 
l{a(C-l{'»0‘‘‘)(N0’) = 


AJumino-potassic sulphate, or Sulphateof aluminium 
an d potassium. (In the name of this salt it is not needful 
to s]iecify that it contains twice the group SO*, this being already 
implied when it is stated that eacli niolecTile contains an atom 
of potassium and an atom of aluminium, the sum of whoso atotni- 
citi(‘Sis fow' = l.wice the atomicity of the group SO*. A similar 
remark apj:)lies in a great many otlier cases.) 

Alumi n ic sulphato-dioxide.**^ 

Ferric di sulpha to -oxide.* 

ITydro-pl urn hie nif rnto-oxide,* or Plumbic 
hydra to -11 it rate. 

D i liy dr 0 - bis ni u t h i c n i t r at o - d i o x i d e .* 

Barytic acetato-nitratn or ni tnito-acetate. 


Pb(C*IPO*)Cl « Plumbic acetato-chlorido. * 

The systematic names of the hydrogen-salts are of course similar to those of thfl 
corresponding salts of other metals ; these names, however, are not very commonly 
\ised ; it is more usual to speak of tho hydrogen-salts as acids, 'riius, for example, 
UNO® is more frequently called nitric acid than hydric nitrate, IPSO* more 
frequently sulphuric acid than hydric sulphate, &c. With regard to the 
nomenclature of llie acids, the following rules are observed : if tho systematic name of 
a hydrogen-salt is hijdric — ate, its common name is — icacid ; and if its systematic 
name is hgdric — ite, its common name is — ous acid : exam[;)les -- 


Systematic nam«‘5, 

Hydric hypochlorite. 
Hydric chlorite. 
Hydric chlonite. 
Hydric perchlorate. 


Common names. 

Hypochlorous acid. 
Chlorous acid. 
Chloric acid. 
Perchloric acid. 


Similarly, mixed salts of hydrogen and any other metal are frequently called add 
salts: c. hydro-potassic sulphate, KHSO*, is often called acid sulphate of 
potassium; and dihydro-potassic phosphate, KHH^O*, is often callcddiaci4 
j) h 0 s p h a 1 0 0 f p 0 1 a s 8 i u ni. On the other hand, mixed salts formed by the union of 
the type oxide with the type of any simple sail , whether containing hydrogen op nob 
are often called basic salts, e. g., plumbic dioxi-dinitrate, Pb*(N0*)*0^, and 
plumbic hydrato-nitrate are each of them called basic nitrate of lead; in like 
manner, ferric oxi-di.sulphate, ]i'e’0(S0*)% and ferric dioxi-sulphate, Fe®0\S0*) 
are called basic ferric sulphates, or basic sulphates of iron. Such names W 
these are often convenient when speaking of certain well-known compounds, bat for 
scientific pur})06C8 th(*y are better avoided. 

When a metal forms two series of oxygen-salts of the same generic name, tho saltB , 
of the two series are distinguished in the same manner as the various oxides, chloridfiB^ 
&e., of the metal. Thus we speak of mercurous nitrate and morcuroua floF 
phate, mercuric nitrate and mercuric sulphate; ferrous sulphate:^; 

• strictly speaking, the names of these salts would be equally correct if inverted thus i oHtdidt 
dioxi-^uiphate, ferric oxudisulph&tet hydro-plttmhie oti-mtrate, plumbic cMoro-acetatCi Sic, i 
convenience might arii«o from the use or names such as these. Inasmuch as the corresponding ierm4.#)% 
the case of certain organic salts would very closely resemble the names of totallv distinct comppu^ll^f^' 
instance, an oxi-benzontf or dioxi'bemoate y/ould be very apt to be confounded* with an otyhenxodflm^'^i 
dioxybenwate, a chloro-ucetaie witii a chloraatate, Slc, &c. ■ '• 
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prof osulpliate of iron and ferric sulphate or sosqiiisiilphate of iron; 

-salts being in reality merely a particular class of oxides, there are of course 
roi’i espnding chlorides, nitrides, &c., of the same mdicles. The nomenclature of these 
eoTupoiinds has never hitherto assumed a very fixed or systematic form, radicles sup- 
posed to be contained in the various classes of salts having been named, one by one, 
iiceording to no general system, by the investigators of the compounds of each. Thus 
t!i«- radicle PO supposed to be contained in the phosphates is called phosphoryl ; but 
tll(^ radicles of tlio phosphites and Iiypophosphitcs have no recognised names; the 
r;idi( ]e SO* of the sulphates is called sttlphuryl ; and the radicle SO of the sulphites 
is ealb'd ihionyl ; again, the radicle NO* ef llie nitrates is called nitryl, and the radicle 
NO (irioiiatomic) of the nitrites is called nitrosyl or azotyl. Prom Vliese examples it 
V ill be seen that there is no certain rule by wliich the name of a class of salts being 
that of the radicle, supposed upon the theory of typos to be contained in Ihom, 
can be deduced. In tliose circumstances wo may venture to suggest the following 
rule ns apj)licablo to suedi cases : to form the name of the radicle of any class of salts, 
ituhsfltuta the Urmination the final c in the generic name of the salts in question. 

According to this rule we should have such names as the following : 


Names of Salts. 

Phosphates. 

Phosphites. 

Sulph.ates. 

Sulphites. 

Nitrates. 

Nitrites. 


Names of Iladlcles required by typical formulae. 
I^hosphatyl. 
Phosphityl. 
Siilphatyl. 

Siilphityl. 

Nitratyl. 

Nitrityl. 


AVlien the termination -ic is added to the name of a radicle in order to form the name 
of a compound containing it, the syllable yl may generally be elided : thus — 
Phospliatic chloride or Chloride of pliosphatyl. 

Sulphatic chloride or Chloride of sulphatyl. 

Sulphitic chloride or Chloride ofsulphityl. 
Hydro-sulphatic oxichloride or Sulphatic chloro-hydrate. 

Tlio nomenclature of the compounds formed when oxygenated radicles replace hy- 
drogen ill the type II“N or its multiples, or in tlie mixed typ<< 

M'liicli special rules are followed to some extent, will bo found fully set forth in the 
!irticli‘s Amic Acins (i. 1G5) and Amides (i. 109). 

Coin})Ounds containing two or more atoms of the same polyatomic radicle in one 
inol(u‘uie, and resulting from the combination of tw*o or more molecules of the simpler 
compouiuls of the radicles, as explained in tlio article Classification (i. 1020 — 1022), 
iri.'iy be distinguished by prefixing to the names of the simplest corresponding com- 
pounds the syllables di-y tri-y &c. : for example — 

K-y = Potassic disulphate. 

K’HIJr-’O’' =. Potassic dichromate. 


i'OCl^ « 
.SO'Cl- = 
SOCl® 

JIG p 


Na^P*0^ rs Tctrasodic diphosphate (Pyrophosphate of sodium). 

Na*P-0« r= Disodic diphosphate (Insoluble motaphosphate). 

Na“P“0® » Trisodic triphosphate (Fleitmann and Henneberg’s metaphosphate.) 

The so-called sulphur-salts which represent oxygen-salts wherein the oxygen is re- 
placed to a greater or less extent by sulphur, may be named in precisely the same way 
as the corresponding oxygen-salts by prefixing sulpho- to the names of the latter, and 
also, when needful, a numerical prefix to indicate the extent to which the replacement 
has proceeded. 


NoMBNCLAnnsE OF OnoANic Bodies. 

In organic chemistry we have to do with many hundreds of substances formed of the 
Banie three or four elements. It would therefore be an utterly hopeless task to try to 
frame for each substance a name like those of inorganic compounds, which, if they do 
not directly express tlie composition of the bodies to which they are applied, have at 
least a definite relation thereto. A classification of organic bodies with reference to 
their composition alone, would be far from afibrding an adequate expression of their 
nature and mutual relations: hence a systematic nomenclature for them can be founded 
only on a classification which takes cognisance of other characters in addition to mero 
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composition. Such a classification must be founded, first of all, upon the fact that 
almost all well-investigfit(‘d organic compounds are found to admit of being arranged in 
groups, which, although they may differ greatly in many important respects, ex. 
liibit a certain correspondence in the relations w'hich their several members hear to 
each other. These groups agiiin admit of division and subdivision into smaller and 
amallor groups, the individual members of which are more and more closely related to 
each other, until we come to substances which arc as intimately connected together by 
composition and properties as the different salts containing the same metal or the same 
oxygen-radicle. 

Thus, the great majority of organic compounds (we are of course speaking only of 
tlio.so whicJi have been sufficiently investigated to allow of a definite po.sitioii being 
assigned to them) belong to one or other of the tw'o great series — the Fatty Series, and 
the Aromatic Series. Each of these series again cornsists of a number of grciups, 
each of which reflects more or less completely the character of all the rest. And each 
group in its turn con.sists of a number of alcohols and acids, around which, as central 
compounds, we have to clasisify hydrocarbons, ethers, salts, amides, alkaloids, and 
numerous other derivatives. 

Taking tho alcoliols as repre-senting also the corre.sponding ethers and amines and 
their other immediate derivative.s, and tho hydrogen-salbs or acids to stand for all other 
Balts of the same name with tlieir derivatives, tho leading terms of the several groups 
belonging to each homologous series may bo arranged as in the following table ; where, 
f(^r the sake of clearness, the formula; of compounds belonging t.o a particular group, 
the tritylic, are given (in.stead of general formulae applicable to any group whateviT), 
})Ut in order to fill up the scheme, such terms a.s are not known in tliis group are re- 
presented by examples borrowed from other analogous groups.* 



Alcohols. 

Acids. 

Monobasic, 

Mon- 1 
atomic. J 

cm^o 

Tritylic alcohol. 

C’lPO* 

Propionic acid. 

Pyruvic acid. 

(C‘II'0' -5 mcllitic acid). 

Di- -1 
atomic. / 

Tritylic glycol. 

c*n«o* 

Lactic acid. 

Dihasic. 

C='H«0^ 
Malonic acid. 

C’TPO* 

Mesoxalic acid. 

Tri- } 
atomic. ) 

C“1P0» 

Gly(;eriu. 

c»n«o« 

Glyceric acid. 

Tartrouic acid. 

Tribasic. 

( C®H“0* = aconitic acid. 

Tetr- "1 
atomic. J 

C>IPO« 

(C‘IF«0'=.-ery- 

thromannite). 

(C’H«0»=gallic 
[ acid). 

C’H'O* 
(C'H^CP^tap. 
taric acid). 

(C*H®0’ » citric acid). 


A table similar to tho above has already been given in tho article Acids (i. fi3)t in 
which place further details will also be found respecting the compounds represented 
by the special examples here given. 

The homologous series to which each such group belongs is determined by the ratio 
of carbon to hydrogen in its individual term.s, and its position in that series by the 
number of atoms of carbon which they contain; while the position in the group 
the several tenns themselves is determined by tfieir entire composition and genexid. 
chemical functions. 

Any particular compound is accordingly completely characterised when we knpwtp' 

* So far as the writer is aware, this mode of classifying organic substances was first publlshedit^ 
paper on the Nomenclature of Organic Compounds which he read before the Chemical Section 
British AssociMtion, at its meeting in Dublin, September tK.^7 (see Brit. Assoc. Rep., 1857, NotlC CT‘iilj| ' 
Abstracts, p. 45)t but before the appearance of the paper referred to in the printed form, a similar SfilMi; 
of classification was suggested by KckuU (Ann. Ch. Fharm. cvl 158. May, 1858). 
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vh'it croup it belongs and what is its place in that group. This then is the infor- 
laiion which it is required that the names of a really systematic and rational nomen- 
clature should give us, concerning the substances to which they are applied : and it 
voiihl seem by no means impossible to form names which sliould completely satisfy 
r<Kiuiroments, by making the root of eaeh name denote the group, and the ter- 
^ second word denote the function. Such a nomenclature w'ould correspond 
roci.sely M'ith the typical system of rational formuhe ; for, as has been shown in other 
art ides (Classification,!. i022; FonMULAi, ii. 700), these formiilin express by means of 
rafUclos the group or genetic relations of the substances they represent, and by means 
of types their chemical functions. Or, again, such a nomenclature would correspond 
\iitii the binomial nomenclature of the natural-history sciences, according to which 
cadi animal or plant is distinguished by means of two Latin w'ords, one indicating its 
ornus, the other its specks. An attempt at a systematic nomenclature for organic 
compounds based on these principles is contained in the j>aper refiTi-ed to in the last 
foot-note ; which, though not sufficiently successful to make it worth while to reproduce 
it Ikto we allude to, because we are convineed that it is in this direction, if at all, 
that a rational nomenclature is to be reached. 

The existing nomenclature of organic chemistry fulfils to a considerable extent, in a 
more or le.ss satisfactory manner, the requireineiits of a rational nomenclature as these 
MIC indicated above ; it however still retains a good many habits of naming, as well as 
individual names, inherited from the e^vrly days of the science, when it was impossible 
to foresee either the direction or the extent of its subsequent development, and lienee 
po.sscsses many terms formed without much reference to anything but tlie fancy of in- 
dividiijil clieniists and their taste in the choice of euplionious words. But the greatest 
defoctsof thisnomenclaturearise from the want of unanimity among ohcrnical discoverers 
and systeniatisers as to the manner in which the principles, re(*(>gnised more or less 
di.stirictly by all, should be carried out. And this w'ant of unanimity, w'e cannot help 
til inking, is mainly due, not to the intrinsic difficulty of the subject, so much as to the 
too partial manner in which it is generally considered — reforms being often attempted 
in particular departments, without sufficient thought being given to the effect which 
they would have if consistently extended to the nomenclature of other parts of the 
science. 

In describing the nomenclature of organic chemistry, as it at present exists, we shall 
eunsider first tlie methods ernploy'ed to designate the several groups^ and then the 
modes of indicating the various chemical fum’tmis. 

No me7iclaiure of Groups. — By reference to the example of a chemical group 
ahvady given on page 1 28, it will be seen that the names of its leading terms exhibit 
very little relation to one another; w'O have tritylic alcohol and tritylic glycol, 
glyeiTin and glyceric acid, malonic acid and tartronic acid, but all tlie other names 
might ha^'c been selected completely at random. And on examining the nomenclature 
of ;iny other group, the state of things would be found V(Ty much the^ same. The fact 
is, that throughout every department of organic chemistry the general course of dis- 
covery has been such that substances became known and required to be named one by 
one, long before the relations of each to the rest could be ascertained. Hence, very 
clo.scly related substances often bear names which exliibit no trace whatever of their 
connexion : as alcohol, ether, and acetic acid ; propionic acid, lactic acid, and glycerin; 
succinic acid, malic acid, and tartaric acid. Such naine.s as these it would be veqr 
difficult to get rid of, and when they are (as in these examples) convenient in them- 
selves and universally adopted, there is no reason for wishing to do so. In fact, it often 
happens that such names are practically better than those which at first sight appear 
more systematic. For instance, nothing could seem more natux*al than to call the acid 
resulting from the oxidation of glycerin, C*H"0’, glgceric etcid^ a name which 
at once recalls its connexion with the substance from which it is derived. But 
according to the established usage of organic chemistry, the radicle of this acid, C®H*0, 

corresponding to its typical formula would be called glyceryl^ a name which 

already belongs to C^H*, the radicle of glycerin. We might thus have the two com- 
pounds C^H-’Cr* and C*Il*OCP both of them denoted by the name, chloride of glyceryl, 
or glycorylic chloride, a confusion which could not have arisen had there been less 
wimilarity in the names of the primary compounds. Indeed it is by no means de- 
*iual>le to introduce much more regularity than at present exists into the nomenclature 
of the principal members of each group, unless some effectual system of differentiating 
each member and its derivatives, equivalent to what was attempted in the paper already 
^ is adopted at the same time. 

Of late years methods of naming, possessing a certain degree of generality, have come 
P^^’tiitl use, for some corresponding terms of different groups. Thus, the monatomic 
alcohols and one or two of their most immediate derivativ’es, in most of the groups of 
VoL. IV. K 



NOMENCLATURE. 


the first homolo'?ous series, Imve names whose root is formed by a (xreek numeral* 
as tritylic, tetrylic, hexylic, heptylic, &c. alcohols ; tritylene, tetrylene, hexylene 
heptyleno, &e. Another expedient which has been a good deal employed to indicate 
the existence of a genetic connexion between different bodies, but without defining its 
nature, consist.s in making the name of one body out of an anagram of that of another* 
as meconic and comenic, aconitic and itaeonic, narcotine and cotarnine, lep(idine) and 
pel(aniiii(5), pelarg(onic) and leparg(ylic), salylic and la-sylic, &c. 

The system so much followed in the nomenclature of otlier sciences, of giving names 
in honour of discoverers or other eminent men, has not been much employed in 
chemistry, and wo do not think that this forms any ground for regret. Among organic 
compounds, dumaain is almost the only one which hears a name of this kind : maclurin 
which has the appearance of being another name of tlie same class, is one for which no 
chemist is responsible so much as the botanist who called fu.stic Madura iinctoria. 
Such names again as herapathite and weltzienite have gc^nerally originated, not with 
chemists, but with crystallographers, who have given them in accordance with their 
mineralogical habitudes. 

One rule which chemists would do tvell to attend to in their choice of names, is to 
avoid such as suggest a connexion that does not exist : such as metamorphine, 
pseudomorphine, hypogaeic acid, the last of which (from Arachis hypogeea) seems to 
imply the existence of a more higlily oxygenated “ greie ” acid. 

Nomenclature of Functions. — The chemical functions of organic sub.stancos are 
generally denoted either by using in a generalised semse the proper names of the sub- 
stances in which the several functions were first distinctly recognised, as me thy lie 
alcohol, butyric aldehyde, valeric acetone, amylic glycol, &c. ; or by 
systematic names formed on the analogy of the nomenclature of mineral chemistry, as 
methylic hydrate or hydrate of methyl, methylic chloride or chloride 
of methyl, methylic acetate or acetate of methyl, &c. ; or lastly, by means 
of terminations, as mcthol for methylic alcohol, butyral for butyric aklebydo, 
valerone for valeric acetone, oxalurethane for oxalic urethane, lactamethane 
for lactic urethane or carbamethane, ethylene, amylene, &c. ; this last method 
may for the most part be regarded as a contracted form of the first. 

We will briefly discuss the names in actual use for compounds representing the leading 
terms of a chemical group as above defined, and for their principal derivatives, endea* 
Touring to point out those which it is most advisable to employ. 

Axcohols. 1. Monatomic. — Those are cither named alcohols or hydrates, with 
another word added to distinguish the group to which they bedong, this word in almo.st 
all cases ending in -;//«<?, as methylic alcohol, metliylic hydrate, or liydrate of methyl; 
benzylic alcohol, benzyl ic hydrate, or hydrate of benzyl. The tenniiiation -o/, to in- 
dicate the alcoholic function, is more employed by French tinin by English chemists. 
The nomenclature of derivatives of the alcohols will be most clearly and concisely 
explained by special examples, thus : 

Function. Formula. Names. 

Alcohol . , C^H®0 = Ethylic hydrate, &,c. (ns above). 

Badicle . . C*H* (= alcohol — HO) = Ethyl. 

Hydrocarbon . (= alcohol ~ H’Ci) = Ethylene. 

Ether . . =■ Ethylic ether, or ethylic oxide. 

Compound ethers C^H^Cl » Ethylic chloride, or chloride of ethyL 

C*H*(C*H*0*) = Ethylic acetate, or acetate of ethyl. 

(C*H*)HSO^ as Hydro-ethylic sulphate, or sulphate of ethyl 
and hydrogen ; also called etbyl-salphuxie 
acid, or sulphethylic acid. 

(C*H*)*SO* «t= Ethylic sulphate, or sulphate of ethyl. 

Alkaloids , . (C*Tl*)H'‘'N ■= Ethylamine, or di hydro-ethylic nitride. 

(C‘H‘)TIN sar Diethylamine, or hydro-di ethylic nitride. 

(C^H*)*N ~ Triethylamine, or triethylic nitride. 

(C*H*)*P = Triethylphosphine, or triethylic phosphide. 

Jietallic derivatives. C*H*ZnI *= Zinc ethylo-iodide, or ethylo-iodide of zinc. 

(C*H*)*Zn = Zinc ethylide, ethylido of zinc, or zinc**ethyL 

(C*H*)*Hg Mercuric ethylide, ethylide of mercury, 

mercury-ethyl. 

(Such names as hydrochloric ether, acetic ether, &c., are not given above, becttliio 
though used for the ethers of this group, they have no analogues in other cases.) , 

Of the various names above given for single compounds, wo believe that those 
stand first in order — that is, names of the form ethylic hydrate.^ ethylic oxide^ 
acetate, &c., in general deserve the preference. Names formed by the generalisation^#; 
special names are convenient enou^ sometimes, but this method of nomenclattot^: 



NOMENCLATURE. 


131 


not well adapted for application in all cases, the names which it leads to being often 
clumsy in themselves and ginng rise to still clumsier derivatives and compound names. 
On the other hand, such names as hydrate of ethyl, oxide of ethyl, chloride of ethyl, &c., 
Hcem to belong too exclusively to one view of the constitution of the bodies they 
denote ; whereas names such as those to which wo have given the preference (ethylic 
hydrate, &c.), while quite in accordance with this view, may still be used inde- 
pendently of it. They would remain equally applicable and would be equally intelli- 
gible, though chemists should cease to recognise the existence of ethyl or similar 
radicles as proxininto constat uents of the alcohols, for they do not of necessity imply 
anything mf)re than tliat the compounds OTPO, C*n"’0, C‘H*C1, &c., belong to the 
ef hylic group, and that they bear to each other the same mutual relations that the 
coniponnds KHO, lv‘0, KCl, &c., do in the potassic group. 

In the nomenclature of the so-called acid ethers, such as (C'^H*)IISO^ &c., it would 
be well to let the name of tlie alcoholic constituent always precede that of the acid, — 
that is, to say ethyl-sulphuric acid, ethyl-sulphate, &c., and not sulphethylic acid, 
sulpliethylate, &c. For not only is the saline character of such compounds not due to 
the alcohol portion of their constituents, ils seems to he implied if thi.s is named last 
and so receives the saline termination, but confusion may actually arise from the use of 
mlpho- as a prefix in this sense and also to denote replacement of oxygen by sulphur 
(ill sindi names as sulphocarlmiate, for instance). 

Compounds belonging to more than one alcoholic group are easily named in accor- 
dance with the examples given above, by following tho analogy of the nomenclature 
of the mixed compounds of mineral chemistry. For instance : 


(CTP)(C^IP)0 = Metbyl-ethylic oxide. 

(C-^TP)(C41")S0* = Ethyl-aniylic sulphate. 

(C1P)(C'^IP)(CTP')N = Methyl-ethyl-amylamine. 
Similarly K(C'*’H*)0 is Potassio-ethylic oxide. 


Ihit just as the name potassio-hydric oxide may be abbreviated into potassic hydrate, 
so tlie names of many corresponding organic comjiounds may bo abbreviated: aii 
inethyl-cthylic oxido into methylic ethylate, potassio-othylic oxide into potassic 
ethylate, &c. 


2. Diaiottm alcohols . — Tho first discovered of these compounds, C'lPO®, was called 
“ glycol,” from the first syllable of glycerin and the last of alcohol, to recall the fact of 
its being chemically intermediate between these tw’o bodies, and this name has since 
bf'en employed as a general term for all compounds of this cUiss. A more systematic 
name than glycol would have been othylonic hydrate, or hydrate of ethylene, 
and names of this form are tho most suitable for general application : as tritylenic 
hydrate, or hydrate of tritylene, amylenic hydrate or hydrate of 
amylene. 

Those derivatives of the diatomic alcohols which correspond to derivatives of the 
monatomic alcohols, are named in tho same way as the latter, the only difference being 
that the adjectival portion of the name ends in -ylenic instead of in -ylic, or when the 
ailjective is replaced by a substantive preceded by of, this substantive ends in -ylene 
instead of in -yl : as 


C^II'O 

C'H^CP 

(C=H‘)H<N* 


Ethylenic oxide, or oxide of ethylene. 
Ethylenic chloride, or chloride of ethylene. 
Ethylenic acetate, or acetate of ethylene. 
Ethylenediamine. 

Diethylenediamine. 


Derivatives which have no precise analogues among those of the monatomic alcohola 
are eiisily named upon the analogy of corresponding mineral compounds : as — 


(C2IP)2H*0* 


C^H^Cl ) 
HO S 
CHP , 
(C*H»0)H { 
CWCl S 
(C‘'H»0)0 S 


} 


O* 


Diethvlenic dioxide. 

Dihydro-diethylenic oxide (also called diethylenic alcohol), 
Ethylenic hydrato-chloride (monochlorhydrin of glycol). 


Ethylenic hydrato-acetate (monacetin of glycol). 
Ethylenic acetato-chloride (acetochlorhydrln of glycol). 


- enclosed in p^ntheses (monochlorhydrin of glycol, &;c.) are borrowed 

the nomenclature of tho derivatives of glycerin ; this system applied to otbef 
aiatomic alcohols, gives rise- to names even more cumbrouft than these: as,monocl^iN 
trity lie glycol. 

Tnatomic alcohols . — The only triatomic alCobcA known with any certainty ii 

IL 2 
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glycerin, the nomenclature of whose derivatives follows for the most part special rules. 
The compound ethers of glycerin are denoted by names formed from those of the acidi 
by means of the termination -in and a numerical prefix wlien needful: as — 

Monostearin. Qhlorliydrin. 

Distearin. Dichlorhydrin. 

Tristearin. Benzochlorhydrin. 

Tributyrin. Aceto -dichlorhydrin. 

Glycerin yields also another set of derivatives, bearing the same relation to these 
normal compounds that the monobasic metaphosphates do to the ordinary phosphates: 
that is to say, each of them differs by the elements of a molecule of water from a normal 
glycerin-compound. The nomenclature of these is as follows — 

CTDO* = - 11*0 = Glycide. 

CTT*OCl = C'’H'0'’CI — II'-'O s= Chlorhydroglycide (epichlorhydrin). 

C»ID(C^H*)0- = C“ID(CTI‘)0» - H»0 = Ethylglycide. 

It will be seen that the nomenclature of glycerin and its derivatives is not such as 
to admit of v(^ry ready extension to other .similar compounds ; names for these might, 
however, be easily formed by following the analogy of the nomenclature for inorganic 
salts already explained. 

The derivatives of otht'r polyatomic alcohols that have been hitherto studied, belong 
almost exclusively to tlio class of compound ethers. They are named by combining 
with the name of the alcohol that of the generating acid: as stearo-glucose, 
butyro-glucosc; diaceto-mannitan, tetrabuty ro-mannitan, chlor- 
hydro-m annitaii. 

For further illustrations of the nomenedature of the alcohols and their derivatives, see 
the articles Alcohols (i. 97) and Ethers (ii. 508). 

Acids. — Tlie nomenclature of all such derivatives of the organic acid.s as have 
analogues among the derivatives of mineral acids, is precisely similar to tlie nomen- 
clature of the latter ; we may therefore consider it as having been already sufficiently 
discussed. 

It may however be pointed out that, inasmuch .ms the name of each class of organic 
0 alts is in general independent of that of every other clas.s, the corresponding oxygen- 
ated radicles can bo denoted by shorter names than those which, as we Inive pointed 
out, are often necessary for the inorganic radicles. Thus to get the name of the radicle of 
an organic salt, wo ch.inge the termination -ate (-ite does not occur unless quite ex- 
ceptionally, as salicylilo of methyl) into -///, instead of retaining the -at of the name of 
the salt: for instance benzoyl, instead of benzoatyl, acetyl,^ instead of acetatyl, &c. 

It is still needful to say a few words upon the noinemdatnre of the so-callodsub- 
stitiitioB -derivatives and conjugated derivatives of the organic aciils, and what is here 
said may be taken as also for the most part applicable to the corresponding derivativeB 
of the alcohols. 

Compounds formed by the snUstitution of chlorine, bromine, &c., for hydrogen are 
denoted by pridixing chloro-^ dichloro-, hromo-y dibromo-^ &c., to tlie nanu‘H of the 
corresponding normal compounds; and bodies in which the groups NO'-, NIP, &c., 
replace hydrogen are similarly named by means of the prefixes nitro-, amido-^ &c.: as, 

Cliloracetic acid. Nitrobenzoic acid. 

Dibromosuccinic acid. Diainidobenzoic acid. 

The prefix oxy- is commonly used in a somewhat different sense, namely to express 
the addition of oxygen, not the replacement of hydrogen thereby : as 

C'H®0* = Benzoic acid. C’H*0" =■ Salicylic acid. 

= Oxybenzoic acid. (PII®0^ * Oxysalicylic acid. 

C'H"0* ^ Dioxysalicylic acid. 

The application of this prefix may however be considered hs comparable to that of 
the others above mentioned, if, with Kolbe, we regard tlie addition of oxygen in these 
cases to be effected by the replacement of H by HO. 

Sometimes, instead of tlie prefix amido-^ the termination -amic is employed, wi 
benzamic acid, instead of amidobeiizoic acid ; such names are, however, incorrect : for 
monobasic acids such as benzoic, do not form true amic acid.s, and the compounds ' 
ferred to do not, even in respect to empirical composition, bear the same relation to tio 

• The name acetyl was first given to the group C-^H^O by Dumas (Trait$ de Chim. «»;•/. dtut artl^ 
vol. vi. p. 341, 1843), whoreprvsrnU'd aldifiiydo by the formula calling it *• hydrure ^ 

Williamson, who first suggested the views now prevalent respecting the constitution of acetic and 
similar adds, callml this radicla “othyl;*' but this name has been generally abandoned for the- 
acetyl f again applied by Gerlurdt as it had been by Dumas), on account of the difficulty of for . 
analogous names for analogoui radicles. ' ^ 
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normal compounds that oxamic acid, for instance, does to oxalic acid. Strictly speaking, 
tlie .so-called arnido- acids, or amic acids of monobasic organic acids, are most closely 
nlatedto the oxygenated derivatives of the bodies with which they are commonly 
(?ornpiired, so that the true systematic name of amidobenzoic or benzamic acid would 
be o.ryhiv:r amic. acid (see also Amic Acids, i. 167). 

1'he prefix suipho- i.s also often applied to the names of organic acids in a manner 
vhich is not quite correct : thus, the substance called sulphacetic acid is not, what the 
iKiriie would be.st express, a body derived from acetic acid by the substitution of 
sulphur for oxygen, but a compound produced by the action of sulphuric anhydride on 
iu etic acid. This product would be better named nc^etosulphuric acid than sulphacetic 
aoi'l, Init even that name would not bo quite correct, inasmuch as the substance in 
question is primarily related to glycollic (oxyacetic) acid and not to acetic acid. 

Several derivatives of the types nIPN and | containing the radicles CO, 
carbonyl, and glycollyl, have received special names in addition to their 

systematic names : for instance, carbamide, ^ | is also called urea, and this name 
is often applied in a generic sense to all compounds derived from urea by partial or 
complfito replacement of its hydrogen by other radicles, j N'-' ethyl-urea, 

(('q.pQ)22i2 ^ = iiacetyl-urca. Similarly, acids formed upon the type of hippuric acid, 

that is, hy the replacement of hydrogen in glycollamic acid (glycocine), ^ q, are 

oft<ui denoted by names ending in -uric, as salicyluric acid, cuminuric acid, toluyluric 
u(‘itl. Exceptional names are also used to some extent for the compound ethers cor- 
ri spondiiig to amic acids ; thus ethylic carbamate is also called urcthiinc or carha- 
M(ihani\ ethylic oxamate is also called oxaniethane, ethylic lactamate is also called 
lavfa Hit thane, &.c. 

We give, below a list of other terminations to which particular significations are 
often ailaehod, together with examples illustrating the use of each. 


-al. Abbreviation of aldehyde. Ex. Butyral — butyric aldehyde; valeral =s val- 
eric aldehyde. . 

-anil, (fr, aniline). Phenyl imide. Ex. Malanil — plionyl-malimide. 

• anilie acid. Phenyl amic acid. Ex. Buccinunilic acid «=* phonyl-succinamic 

acid. 

-anilide. .Phenyl- — nmido. Ex. Acetanilide ~ phenyl-acetamide. 

-cue. A compound containing only carbon and hydrogen. Ex. Benzene, naphthalene. 
•idc. (1) A compound of two elements, two radicles, or of an clement and a radicle. 
Ex. Zinc-nu thidc, or zine-m.rthylide ; mcthylic ethide. (2) A tiM’minalion pro- 
posed by G(‘rliardL {Hiy. Sterne unitaire,) as a general mode of denoting anhy- 
drides; it is still in partial use in this sense. Ex, Glycollide, lactide, matinide. 
(3) A geiKjral term for compound ethers of polyatomic alcohols. Ex. Glycerides, 
(jh'eosidi.s, niamiitanides. Seldom used to denote individual substances. 

-in. (0 A neutral compound of carbon, hydrogen, and oxygon. Ex. Glycerin, 
sahcin, 7 nccomn. (2) A compound ether of glycerin. Ex. Chlorh\idrin,palmitin. 
“ine. An alkaloid. Ex. Morphme, quinine. Also used by some writers, but not in 
t his work, in the same sense as -ene, or -in ; as benzine for benzene, glycerine for 
glycerin. 

• itan. Employed by Berthclot to denote the first product obtained by dehydrating a 

!?ugar whose name ends in -ite. Ex. Marmitan, dulcitan. 

*ite. A saccharine compound containing more hydrogen than would he required to 
convert all the oxygen into water. EIx. Mannitc, dvlcite, mnite. 

•ol. Abbreviation of alcohol. 'Ex. Phenol = pheny lie alcohol; <3 menthylic 

alcohol. 

“ole. Sometimes used instead of -ene, to denote hydrocarbons. Ex. Benzole ftit ben- 
zene, toluole for toluene. Not used in this work. 

•one. (1) Abbreviation of acetone or ketone. Ex. Valerone =» valeric ketone; 
omzone =* benzoic ketone. (2) A termination much employed without definite 
meaning. Ex. Quinone, indifuscone. 

“Oso. A saccharine compound containing oxygen and hydrogen in the proportion re- 
quired to convert each completely into water. Ex. Glucose, scxcharose, lin^se. 

‘y j- A compound radicle. Ex. Ethyl, benzoyl, benzyl. 

-yJene. A hydrocarbon (diatomic radicle! containing 1 at. hydrogen less than the 
rachcle of corresponding name ending in -yh Ex. Ethylene, trUylene, lmzytene, 
(This termination is sometimes used in a manner which is not in strict sncbrdance 
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with the above rule : thus the hydrocarbons of the series are called actty- 

lenCf allylcnc, crotonylene^ vcderyleney among whifdi names allyleno is the only one 
that agrecjs with the general rule. Some general system of naming the hydro- 
carbons homologous with marsh-gas is a great desideratum.) 

For further information respecting the histoiy of oliemical nomenclature and various 
attempts that have been made from time to time to render it more systematic, see, in 
addition to the references already given, the following : Ko pp, Geschielite der Chemie, 
ii. 412 (t scq. Berzelius, Lehrbuch der Chemie, edit. 1831, vol. iv. (2nd part) pp. 
966, 957 ; also (fora much fuller treatment of tlie subject) edit. 1841, vol. x. pp. 428- 
449. Dumas, Le<;ons sur la Philosophic Cliimique, pp. 321-358. Bo set, Berzelius’s 
Jahresber. xxiii. 23, 24. Gmelin, Handbook of Chemistry, vii. 149-153. Griffin, 
Chemical Recreations, 7th ed. (1834), pp. 231-274 ; also (another system) Radicle 
Theory in Chemistry (1858), pp. 86-90. Newlands, Chemical News, iv. 281 
(30th Nov. 1861). Williamson, Chem. Soc. J. xvii. (new series, ii.) 421. The fore- 
going relate to chemical nomenclature in general ; the follf>wing more particularly totlia 
nomenclature of organic compounds: Laurent, Cliemical Method, pp. 356 ei scq. 
Daubeny, Rep. Brit. Associat. 1861 ; Transactions of Sections, p. 124. Weltzien, 
Systematisclio Zusammenstellung dor organlsch. Verbindungon (1860), pp. xxv.- 
xxviii. Bertlielot, Cbimie organique fondle sur la synthase (1860), i. 180-18G. 
Kolbe. Lehrbuch d. organisch. Chemie, i. 53-62. * , 

G. C. F. 

UrOlTTXOIBrXTS. A liydrated ferric silicate allied to chloropal, which it closely 
resembles in physical and chemical properties, excepting that it gelatinises with acids. 
Its composition is shown by the following analyses : 

fl. From Nontron, Dep. Dordogne, France (Berth ier, Ann. Ch. Phys. [2] xxxv. 
92), — b. Villefrancho (Du frill oy, Ann. Min. [3] iii. 393). — r. Mon tmort, near Aiitun 
(Jacquelain, Ann. Ch. Phys. [2] xli. 101). — rf. Andreasberg in the H:irtz (Biewend, 
J. pr. Chem. xi. 162). — e. Tirschenreutli (IT. Muller, Dana's Mlncraluyy^ ii. 337). — 
/, From the same locality (Uricoechea, loc. cit.)\ 
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TTOKYIm. 

C®H** — The ninth term of the series 

of alcohol-radicles, C"IP"~’. 


is also called Delargonyl^ but tliat name belongs more properly to the corresponding 
acid-radicle, C*H'^0, homologous with acetyl, C'-^H’O. 

Nonyl has not yet been isolated. II y dride o f n o n y I, occurs, together with 

iionylene,C*II'*, and many other hydrocarbons of the series C"!!""®'* and C"1P", among 
the products obtained by distilling amylic alcohol with anhydrous cliloride of zinc. 
The hydride of nonyl and nonylene occur in the portion of the distillate which goes 
over between 135® and 150®, and are separated by means of bromine, which combines 
with the nonylene (Wurtz, Bull. Soc. Chim. 1863, p. 300; Ann. Ch. Pharm. 
cxxviii. 225; Jahresb. 1863, p. 510). Hydride of nonyl is also contained, togetljer 
with other alcoholic hydrides, in American petroleum (Pelouze and Cahours). Sea 
Hydbtdes, iii. 181. 

Hydride of nonyl boils between 134® and 137° ; its vapour-density by experiment is 
4*50 (Wurtz); by calculation 4*432. Its odour is somewhat like that of lemons. 
(Pelouze and Cahours.) 

Chloride of Nonyl^ or Chloride of Pdargyl^ C®H**C1, obtained by the action of 
chlorine on hydride of nonyl, distils over as a colourless, mobile, aromatic liquid, 
having a specific gravity of 0*899 at 16®, and boiling at 196®. Heated with acetate of 
potassium to 150®, it yields acetate of nonyl as a liquid which has a frui^ odour, 
boils between 208® and 212®, and when boiled with potash yields hydrate of nonyh 
nonylic or pelargonic alcohol, as an oil boiling at about 200®. (Pelouze uh4 
Cahours.) 

KOmritiLXIxnrB. C®H**N. — Obtained by the action of ammonia on chlorid!^ 
noqyl Colourless liquid having an aromatic and ammoniacal odour ; boiling betweeii : 
190® and 192®; somewhat soluble in water. (Pelouze and Cahours.) 

jrOXnrXiaitfB. C*H”. Pelargonene, Elaene,—~T\m hydrocarbon occurs^ tdge^i: 
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with hexylene, among the products of the dry distillation of hydroleic or metoleic acid. 
Ihocrude distillate is redistilled at 130® to remove a quantity of empyreuraatic matter; 
the liquid which passes over is agitated with dilute potash-ley, to free it from volatile 
aekls, and dried over chloride of calcium ; and the hexylene and nonylene are finally 
t.,'l)iii’at‘‘d by fractional distillation (Fr6my, Ann. Ch. Phys. [2] Ixv. 143). It is also 
foimd, togothor with hydride of nonyl, &c., among the products of the distillation of 
atnylic alcohol with clilorlde of zinc (Wurtz, loc. cU.). It is a colourless liquid, 
liglitiT than water, insoluble in water, soluble in alcohol and ether ; has a penetrating 
oil )ur; burns with a bright white flame; boils at about 110° (FrcWny) ; at about 140® 
(Wurtz). Vapour-density, obs. = 4-071 — 4*488 (Fr^my) ; 4*.'34 (Wurtz); calc. « 
4-359. 

Bromide o f Vonylene, C®IT‘"Br*, formed by direct combination, is a non-volatile 
liquid, which, like its congeners, is attacked by caustic potash, yielding a liquid boiling 
between 140® and 200®. (Wurtz.) 

Chloride of Nonylene^ C"iI‘*CP, also formed by direct combination at ordinary 
temperatures, is an oily liquid, heavier than water, having a rather agreeable odour 
much like that of anise ; it burns with a green smoky flame. (F rein y.) 

JO-ON YXiZC AXiCOBOlL. See Nonyi. (p. 134). 

NOBDBNSltlOlDXTlS. A mineral from Riiscula on Lake Onega in Russia, 
probiibly a variety of tnnnolite (iii. 169). Contains, according to C. v. Hauer, 60-78 
per cent, silica, 2-63 ferric oxide and alumina, 14-12 lime, and 22*46 magnesia. 
(Jahresl). 1854, p. 820.) 

NORITS. a rock occurring near Egersund and other places on the west coa.st of 
^sorwiiy. Its composition is that of a gabbro, Komcwhat poor in iiugitic constituents 
(hypersthenc uiid diallage), and characterised in several places by an admixture of 
1 it;initVrous iron. Kj erii If ( Jahresb. 1862, p. 701), found in a norite from Tronfjihl 
in the Oesterthal, of grey to violet colour and containing labradorite and green diallage: 
5(> 0() per cent, silica, 5*73 titanic oxide, 16-44 alumina, 9*71 ferric oxide, 14*66 lime, 
4 S.S inagnesiji, 1*38 soda and a trace of potasli. 

NORZUM. The name of a metal wliich has been supposed to accompany zirco- 
nium in most, if not all of the minerals which contain it. Tliis idea of the composite 
nil til re of the earth commonly called zirconia, is based upon some experiments of 
{<1 aiiherg (Pogg. Ann. Ixv, 317), who found that whmi chloride of zirconium was 
IViictionally precipitated by oxalic acid, the several precipitates exhibited considerable 
dillcrimees of composition. On the other hand, Berlin (J. pr. Chem. Ivii. 145) finds 
that the several precipitates of oxalate of zirconium thus produced do not exhibit any 
(lilferenot's of composition sufficiently great to warrant such a conclusion. The matter 
requires thert-fore furtlier investigation. 

NOSEAN. A mineral allied Ix) hanyiio (iii. 15), occurring in rhombic dodecahe- 
drons, sometimes modified with faces of the cube, more rarely of the trapezohedroii 
2 0 2 ; often granular massive. Hardness « 5*5. Specific gravity = 2*25 — 2*3. 
Colour greyish, bluish, or brownish, sometimes black. Translucent to nearly opaque. 
Before the blowpipe, it loses colour and fuses on the edges. Gelatinises with acids. 

Nosean is found chiefly in the eruptive rocks at Lake Laach, near Andernach on the 
Rhino ; also at Rieden and Volkerfeld in Prussia in a leucite rock. 

The following are analyses of the mineral, mostly from Lake Laach : — a, b, 
Bergemann (Bull, de sc. mit. 1823, iii. 406). — c. Varrentrapp (Pogg. Ann. xlix. 
615).— </. Whitney {ibid. Ixx. 431). — e. Blackish-green to clove-brown; specific 
gniA'ity 2-280.--/. Light bluish-grey ; specific gravity 2-299. — g. Leek-green, from the 
H.'iardt near Rieden ; specific gravity 2*336. — h. Transparent and colourless, mostly in 
twin-crystals (the so-called sodalito from Lake Laach); specific gravity 2-399 (G. v. 
Rath, Jahresb. 1863, p. 822): 
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Rammelsborg suggests as probable that ndsean has the composition (NaCl.SNaAK" 
SiO^) + 5(Na^S0^6NaAr"Si0*), that is to say that it consists of 1 molecule of soda- 
lite united with 6 molcrulea of a soda-haiiyne containing 6 atoms of silicate. This 
formula requires 36-8.‘l pt^r cent, silica, 7*25 sxilphuric anhydride, 3071 alumina, 2415 
soda, and 1*06 chloride of sodium. 

xrOTATlON. The system of chemical notation now in use among chemists 
belongs exclusively to modern times, for it is essentially an expression of the doctrine 
of definite combining proportions, and the atomic theory. Jiut in all jiges in which 
chemistry has been cultivated, signs of some kind or other seem to have been employed 
to represent the various kinds of matter; and although wo may regard the definite 
quantitative value which chemical symbols have possessed since the introduction of the 
atomic theory, as constituting an essential difference between the chemical notation of 
the present day and that of any former age, still it is not difficult to trace, in the nota- 
tions of the earlier j)erioda of the science, nearly all the niost important elements of 
that now employed. 

The very early belief* in a connection between the several members of tlie solar 
system and individual metals led to the representation of both, not only by the 
same names (Nomenclatuiie, p. 118), but by the same signs. Tlie following account 
given by Hassenfrjitz and Adet of the appropnation b}' the early ch(*mists of these 
signs to the particular metals, shows that they were by no means applied arbitrarily 
or at random, but in accordance with a general system of ideas. “ Tho metals were 
divided into coloured or solar metals, and white or lunar metals. Tho rnctals of these 
two classes were again subdivided into perfect, semi-perfect, .and imperfect metals; 
perfection wa.s expressed by a circle, 732; semi-perfection, if wo may use such 
an expression, by a semi-cirelc, h ; and imperfection by a cross or by a dart, c. Thus 
gold, which was preeminently the solar metal, was represented by a simple circle, d; 
this figure was common to the metals of the same class, us copper e, iron^/, and 
antimony g ; but for those it was combined with the symbol of imperfection. Silver, 
which they considered as a semi-perfect lunar metal, was denoted by a semi-circle A; 
tin, A, and lead, hud likewise tho somi-circlo for their symbol, as belonging to the 
same class ; but they were di.stingiiished from silver by the cross or by the dart. 
Finally, jnercury, which was an imperfect metal, at once solar and lunar, boro the dis- 
tinctive marks of both these classes, and was denoted by a circle surmounted by a 
semi-circle with the addition of a cross, J** {Memoire sur de nonveav^ caracUns « 
eynploytr en Chimie^ 1787.) 

Fig. 732. 

a. h, e. d, e. f. g, h. i. j. 

Additional symbols, framed by individual chemists in accordance with their own 
special opinions, were employed to denote other substances, but those given above long 
remained in universal use. We still find them among the chemical signs adopted by 
Bergujan, whose system may be taken as the latest important representative of the 
ideas which reigned in chemistry before the time of Lavoisier, and is therefore entitled 
to a passing notice. The four ancient elements were represented by Bergman as 
follows : — 


A V A V 

Fire, Water. Air. Earth. 

and the principal classes into which chemical substances were then 
following general symbols : 

+ ^ o © 

Acid. Inflammable Hetal Sfdt. AlVali. 
matter. {regvlus). 


divided, by the 

Calx. 


In order to denote particular substances, one of these general symbols was ased, in 
combination with some special sign of difference ; thus the several acids were denot^ 
by a cross followed by a sign characteristic of each ; the metAllic calces by ^e symbol 
“calx,” (which when followed by the letter p, for^wra, signified lime), followed by the 
special sign of some particular metal (See Hassenfratz and Adet, op. dt.; al^ 
the frontispiece to “A Dissertation on Elective Attractions, by Torbern Bergman/* 
I^ndon, 1785; and the plates to Pearson's “Translation of the Table of Chemi^, 

• Bergman quotes a passage from the writings of Celsus agaiaat Origen, according to which 

belief existed among the ancient Persians. ' ' 
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Nomenclature proposed by G uyton, Lavoisier, Bertliolet, and DeFourcroy,” 
■>iid edit. London, 1799. In the last work the signs employed by Geoffrey will also 
be found ; for information on the origin of chemical symbols, the author refers to a 
Xract on Symbols,” by Wall of Oxford, written in 1783). 

These signs of I3er;^man’s, and indeed all that hud hitherto been employed, indicated 
die substances to which they were applied, exactly in the same way as the ordinary 
names of those substances indicated them. They may in fact be regarded as merely 
[ibbreviated modes of writing chemical names, for the information which they con- 
veyed was precisely the same as that given by the latter. These symbols did not ex- 
press, and liad not any necessary relation to the composition of tlio substances they 
h noted ; and indeed it is evident that at a period when fire, air, earth, and water 
were still regarded a,s the elements of all material things, chemists can have h«ad no 
dear ideas to express touching what is now understood by chemical composition. 
Accordingly, we first find chemical signs used in their modern sense, that is, to denoto 
[•hcniical composition, by the philosopher who fii*st clearly pointed out what was to bo 
understood thereby. In a memoir by Lavoisier, entitled, “Considerations generalea 
mv lu dissolution de.s Metaux dans les acides,” published in the Memoires do 
I' Acadtnuie des Sciences (an nee 1782, p. 492; also “QCiivres de Lavoisier,” ii. 509. 4to, 
Paris 1802), occurs probably tlio first- example of the employment of symbols to denote 
the successh'e steps of a ehemical operation. The meaning which Lavoisier attacluMl to 
;lie signs used by him will be best conve^'ed in his own words. 

“ . . . . j’ai construit des esp6ces de forinules qu’on ponrrait prendre d’abord 

pour des formules algebriqucs, mais qui iTont point le meme objet, et qui nc dirivent 
point des mcmes principes ; nous sonimes encore bien loin de ponvoir porter dans la 
dhtnie la preeision matliematitjuo, et je prie en consequence de ne considerer les 
'oriniik’s que je vais donner quo comme des simples annotations, dont I’objet est do 
ioulager les operations do Tesprit. 


8uit une substance mc^-tallique quelconque .... S.M. 

Un iicide quelconque u-O— i 

TVeau ........... ^ 

Lo prinoipe oxygino ........ 

L’air nitroux ......... A4« 

L’acide nitreux e* 

“ On aura., pour expression gen^ralc do toute dissolution metalliqiie, 

, (v_/\^). 

“ Celtcformule gen^rale variera suivuntia nature do I’acidoet suivant celle du metal; 
linsi, par exemple, si e’est la dissolution du for dans I’acide nitreux qiPon A'eut ex- 
priuu r, on aura ( ^ ) ( V )• 

“Mais I’acide nitreux tout lui-merae nil compost, il faut, dans cette formule, y 
jiibsl ituer sa valeur, ct alora la formule prcndrala forme qui suit ( ^ ) ( V A-t* 

“•Soit. siq)pose la quantit.<^ de fer = «, il e.st clair qu’il faudra, pour dissoiidre une 
inantiti; a de fer, une quantite d^terrainee d'acide; qu’il y a, par const^queiit, une re- 
ation entre la quantity d’acide et cello du fer ; et qii’en nommant h cette relation, 
aunii a h pour I’expressiou de la quantite d’acide necessaire a la dissolution. 

“Il est clair encore qu’u no quantity a b d’acide nitreux est composco d’uno certaine 

portion d’eau, que je pourrai moramer . 4 • . . . , ~ 

“ D’ une eertaine portion de principo oxygine, que je pourrai nommer , ^ 

“ D’une certaine portion d’air nitreux que je pourrai nommer . , . 

“ Enfin je ferai observer que, pour que ces sortes de dissolutions ne se fassent pas 
1 une mani&re trop tumultueuse, il est necessaire de couper I’acide de deux parties 
i eau, d’apris quoi la formula ci-dessus deviendra: 


(a $) + {2ab V * ^V) + ('T’^ ^ T^)- 

“Telle est la formule qui repr^sente Fexpression du dissolvant etde la substance 4 
hssoudre avant le melange. Mais sit6t que Taction dissolyante a lieu, le m4tal enl^ve 
1 1 acide nitreux la quantity de principe oxygine necessaire pour se saturer. Cette 
luantite est encore, pour chjuiue m6tal, dans un rapport constant avec la quantite de^ 
le meme metal, et, puisque j’ai nomme a la quantite du metal, je pourrai nommer 
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^ la quantity de principo oxjgine n^essaire pour le saturer. II est clair qae, qnamj 

ia dissolution ost faito, cette quantity doit tire ajoiit^e au fer dans la formule, et 
retranchde de I’expression de I’acide nitreux ; ainsi la formule deviendra : 

(a$ + + (2a4V + 7 V) + + f^'>- 

Et, & cause qu’il se degage de la combinaison une quantity d'air nitreux k peu prjj 
/^gale en poids a celle de principe oxygine absorb^e par le m<^tal, il faut retranrher 

!L do cette formule pour avoir I’expression riclle do ce qui restera apr^s U 

V 

dissolution ; on aura : 

{ai +^>^) + (2«iV + + y a* |a*), 

“ Les parentheses exprimcnt la manicure dont sont groupies les mol<Seules de dilKrente 
nature dans la dissolution. 

“Pour plus do simplification, je supposcrsii que, dans toutes ces dissolutions, la 
quantity d’acide employee est toujours d’une IhTe ; d’apres quoi, a b deviendra 4gal a 
I’unit^, et la formule se rtkluira a ce qui suit: 

(“S + + (2V + i V) + (i# -J-#’ + f ^ 

“ II ne s’agit plus que de dormer uno valeur num<5raire a toutes ces quantit^s ; et jo 
vais rendre compte des principales experiences dont je suis parti.” 

In the remainder of tJiis paper, Lavoisier compares the numerical results calculated 
by means of this formula with those yielded by actual experiment, and shows how 
similar formulae maybe applied in other cases. 

Although the notation employed by Lavoisier, in the memoir from which we have 
quoted, was distinctly founded upon the principle of denoting compound bodies by means 
of their elementary constituents, this principle was nevertln less only very irnperfoctly 
ciirricd out, water for instance being still represented by Biuginan’s symbol instead of 
by the symbols of its elements, notwithstanding that Lavoisier had himself published 
in the previous year two memoirs demonstrating its compound nature. Eut the rapid 
advances in systematisation M'hich took place in the next few years, soon rendered it 
possible to apply this most important principle in a much more complete manner. 
Accordingly, in 1787, Hassenfratz and Adct published two memoirs (from one of 
which wo have already quoted, p. 136), wherein they proposed a much morti completo 
and systematic chemical notation than any that had hitherto been proposed. They 
began by assignitig symbols to the elementary or undecomf)ounded bodies, employing 
similar symbols for all the bodies of the same class, and giving tlie simplest to such as 
w'cre of most fro(iucnt occurrence. Thus, caloric, oxygen, and nitrogen were classed 
together as “ siib.stances which can exist in the aeriform condition at the ordinary 
temperature of the Jitmosphere, and which, as entering into the composition of an in- 
finity of bodies, require tlio utmo.st simplicity in their characters,” and were accordingly 
represented by different positions of a straight line : thus, | caloric, — oxygen,/ 
nitrogen. The fourth position, \ was reserved to denote a new element of the same 
class whenever such might be discovered; and by adopting zigzag instead of straight 
lines, four additional symbols were obtained for bodies of the same class, one of them, 
being employed for light, and the three remaining positions being reserved 
designer de nou’CcUcs substances sinvples et aerifornics lorsqus Von en decouvriray 
Similarly, a semi-circle was used as the general symbol for combustible elements, each 
individual being distinguished by a particular position of the common character: thus 

^ hydrogen, Q carbon, sulphur, r\ 'phosphorus. The other general symbols 
were as follows ; ^ alkalis, earths,, Q metals, []]] acidifiable compound redidtt, 
^ non-acidijiahle cmnponnd substaTices (such as ether, alcohol, oil, &c.). Thw 
symbols not admitting of the formation of a sufficient number of special signs by meW 
variations of position, the signs representing particular substances were obtained hV 
placing the initial letters of their names inside the coihmon symbol of the class to whfco 
they belonged. For instance, among the metals, gold alone was denoted by the syifthol 
0, “ in order,” as the authors say, “ to presor\m the ancient character,” the remain# 
being denoted by a circle, inside which was inscribed a letter, or in case of the na)# 
of more than one metal having the same initial, two letters, taken from th«r 
names. For instance, 0 lead, 0 platinum, 0 silver, @ arsenic, @ 
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Compound bodies were denoted by the juxtaposition of the symbols of their 
eleinents, these being placed upon the same horizontal lino when the elements were 
reffni’ded as mutually saturated, but when any element was supposed to bo in excess, its 
symbol was placed bolow the line, or above if it was in defect Thus ^ represented ice-; 
the same combined with a small quantity of caloric constituted water and with 
caloric in excess it constituted steam p"* 

A moat important alteration in the meaning of chemical symbols resulted from the 
introduction of the atxjmic theory ; from this time they had not merely a qualitative but 
;i qnantilativo signification, the symbol of each substance no longer representing au 
imlelinite quantity of that substance, but a particular weight proportional to the 
frupposed weight of its atom. The atomic symbols employed by Dalton bad all the 
s:ime general form, namely that of a circle, this form being most likely adopted by him 
because he cous-idered the atoms themselves as in all probability spherical. Examples 
of some of the symbols employed by him for non-metallic elemenrs have already been 
given in the articles Atomic Wjciohts (i. 453) and EQurvAi-ENTS (ii. 494) ; in order to 
denote the several metals, he adopted Iho same expedient as Hassenfratz and Adet, 
namely placing their initial letters inside the circle. 

In 1815, Berzelius proposed a system of notation in which the use of initial letters 
•Wits extended to all the elements, and the use of the enclosing circles was dispensed 
with. At the same time he introduced the method of donot ing several atoms of the 
same clement, or 8eY<*ral molecules of the same compound, by means of coefficients, 
thus bringing chemical notation almost oxjictly into its present state. But in 
sidvlition to tlu^ modern system of chemical fonniilm, which will be found more fully 
described bellow, Berzelius proposed a system of mineralogical formulae, which though 
.seldom met with in modern works, require some notice in a liistorical summary. These 
formulm were used only for the alkaline, earthy and some metallic silicates. Silica 
and the various oxides occurring in the.so minerals were denoted by their init ial letters, 
the higher (or -ic) oxides by capitals, and the lower (or -ous) oxides by email 
letters, italics being employed for both in order that these might not bo confounded 
with llie chemical formuhe. For instance, K = potusli. JV = soda, B « baryta, /Sr = 
st rentia, C == lime, A alumina, S — silica, Mti = manganic oxide, mn =* manganous 
oxide, F = ferric oxide, / = ferrous oxide. When two symbols wore joined without 
a coefficient, they repre.sented a compound of two oxides in such proportion that 
each contaiiKid the same quantity of oxygen: thus (taking 8 =* ^70®), AS stood 
fov Al'^CP.SiO^ : but when a coefficient was used, it denoted combination according 
toamull lple of the above proportion, as AS^ = Al-0^.3Si0\ or A^S «« 2Al*0*.SiO^, 
(Berzelius, Lchrbuch dcr Chemie, ed. 1831, vol. iv. pt. 2, p. 1078.) 

Still another system of abbreviated formulse proposed by Beiv.elius is now seldom 
used, ex'cept by mineralogists, and may therefore bo mentioned here in connexion with 
the foregoing. We refer to the use of dots placed above the symbol of an element in 

order to express its combination with oxygen, as S for SO’-* and S for SO*. After the 
discovery of tho sulphur-salts, this mode of notation was extended by the use of 
commas to stand for sulphur, short horizontal strokes for selenium, and small crosses 
for tellurium: thus 

K Mo molybdate of potassium. 

K Mo sulpho-molybdato of potasssium. 

K Mo seleno-molybdate of potassium. 

+ +++ 

K Mo telluro-molybdate of potassium. 

From a chemical point of view, these formulae are open to the serious objection that they 
B<’cm to imply an essential difference between tho mode of combination of oxygen and 
Its .andogues, and that of all other elements. Accordingly, Liebig and Poggendorf, 
in their great Dictionary of Chemistry, recommended fhe entire abandonment of them 
(see Ilandworterhuch der reinen und angewandten Chemie^ preface to first edition ; 

Pharm. ix. 3, foot-note), as well as of the horizontal strokes through symbols 
Used by Berzelius to denote double atoms. At the same time they proposed another 
modification of Berzelius’s notation, which, though it has been extensively adopted, 
cannot be cousidered as an important improvemenh This was the placing of tho 

of remark that, although we now know the conception of caloric as a substance to have 
i'atp the attempt to express the quantity of it contained in a material substance In any given 

j "^■•«nft'atf and Adet's formulas in one respect more complete than those uow employed, 

of fT *"’"*^*r attempt we are acquainted with In modern chemistry is the late Mr. Bowman*g method 
*’*?... ** aggregation of a substance by varying the kind of typo employed In printing its 

'jmbols. (See his PracncSiCAcmssfry, London 1848, pp. x»lU..-xxUI.> 


' 140 


NOTATION. 


email numerals employed to multiply tlie elementary symbols, below the symbolj 
instead of above them, as CO^ instead of CO'^, C^Hg instead of &c. The object 
of this latter alteration was to prevent the possibility of the coefficients employed in 
chemical formulae being supposed to have the same meaning as the similarly placed 
exponents in mathematical formulae. Mitscherlich, with the same object, avoided the 
use of the small numerals altogether; thus for instance ho wioto chloride of benzoyl 
(using the atomic weights of the period) 14C10H202C1 instead of C'^H'®0"C1* Tlis 
danger to be avoided was not however so great as to necessitate cither of these expe- 
dients. 

At first, even after they had assumed almost completely their modern form, chemicii] 
formulae wert^ not so much used to express processes of eiieniicul change, as to denote 
the composition of individual substances. When they were used to express a reaction 
the arrangement of tlie symbols was usually diftcrent from tliat now commonly adopted. 
As a general rule, instead of a chemical equation as now written, the formulte of tin- 
reagents were written one under the other, the similar atoms being added together, and 
the same was done with the formulae of the products, and the sign = was placed 
between the two sums. For example, the transformation of prussic acid and watei 
into formic acid ammonia is thus represented in Liebig’s treatise on Organic Chemistry : 

** 1 equiv. of hydrocyanic acid, \ (1 eqniv. of ammonia . H® * 

3 equiv. of water . . 11*0® I = ] 1 equiv. of formic acid . C-H-'O* 

N^C^Ti-O®) I N®CM»0V' 

But the more modern fonn of chemical equation with the sign + waslikcwi.se used not 
unfrequently, the idea of expressing chemical changes in tliis way dating in fact from 
Lavoisier, in whose TraiU ilhuentaire dc Chimic (Parfie, i. cJiap. xiii.) there occurs a 
true chemical equation : namely, 

Mout dc raisin » acide carhonique + aJconiy 
Turner, Johnston, and Graham were among the first British chemists wlic 
adopted^ Berzelius’s notation, and tlie earliest English elemont.jry work into wliicli 
it was introduced was the tliird edition of Turner’s Elf /units of Cknnistr//. Foi 
Borne time, however, the use of the symbolic notation met witli considerable oppo- 
fiition in this country, a certain number of chemists, one of the most coiisiderciUf 
of whom was Eichard Phillips, objecting to the system as a whole; while in 
other quarters objection was taken to the use of mathoruiitical signs in a sense some* 
what different from that which they boro in mathematics. Dr. W be we 11, who was- 
one of the most strenuous opponents of Berzelius’s notation upon this gi'oimd, en- 
deavoured to replace it by a system in which the niathematieal meaning of the signs 
was more closely adliered to. But whatever may have boeii the merits of WhewelfH 
notation, it was so far fi-om corresponding to the actual requirements of (diemical 
Bcionce, that it never came into use, audit is .sufficient liore to have referred to it. 

[For particulars of tlie coiitrover.sy above alluded to, see Whfiwell, On the cuiploy- 
mc7it of Notation in Chemistry, Jourii. Eoy. Inst., i. 347,. May 1831.- Prideaux, Reply k 
WJuwdl, advocatina Ber;:clMs System, Phil. Mag. Ann.'N. S. x. 104, Aug. 1831.- 
Warington, On Chemical Symbols, with remarks on Wheweir.s pap( 3 r, Pliil, Mag. 
Journ. i. 181. —Berzelius, Reqjly to Whewell, Jahresb. xv. 201. — WliewcII, Rejdy to 
jBcrselius, Phil. Mag. Journ. iv, 9. — ^E. Phillip.s, On the rise of Chemical Synihok^ 
ibid. iii. 443 ; iv. 246. — Prideaux, Replica to Phillips, ibid.iv. 41 ; 464. -— Graham, 
to Phillips, ibid. iv. 106 ; 402. — ^Whewell’s system of notation may also be found in 
Brande’s Manual of Chemistry, 5tli edit. 1841.] 

The important modifications or extensions which the notation of chemistry has 
received since the time of Berzelius, are not numei-ous. Among the most valuable w« 
may mention the introduction, by Gerhard t, of “general formulae,” in which letters ol 
var jable value are used as coefficients instead of nainbcr.s, and 0 d 1 i n g ’ s method of de- 
noting the atomicity of polyatomic elements and radicles by means of accents placed 
above their symbols. (Chem. Soc. Qu. J. vii. 1.) 

The consideration of the quantitative value of the symbols of the elements does no! 
come within the scope of this article, and has moreover been fully discussed in previous 
articles to which we must refer (Atomic Weights, i. 452; Equivalents, li, 491; 
Metals, Atomic Weights and Classification of, iii. 967). The various opinion! 
that have boon held of late years in relation to this subject, have however introduced’ !! 
good deal of confusion into chemical nota,tion, and have caused the more or less genei^ 
adoption of a variety of expedients for avoiding the consequent ambiguity. Such bi 
these as are employed in the present work are explained below. > 

It DOW only remains to explain the rules which are generally followed by the 
chemists of the present day with respect to chemical notation, and especially 
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which arc adopted in this work. The symbols employed to represent atomic propor- 
tions of the several elementary bodies, form the basis of this notation. A table of 
these symbols, and of their numerical values, has already been given at pages 464 
anci 465 of voh i. ; we may therefore assume that they are known. Compound bodies 
are represented by the juxtaposition of the symbols of the elementary atoms which 
^ filter into the composifion of one molecule. A single atom is represented in the 
' formula of a compound, by the corresponding symbol without any addition ; two 
or more atoms are represented, either by a repetition of the symbol, or by placing 
after it a small numeral, above or below the line. For example, the formula CHNO 
represents cyaiiict acid, ono molecule of which contains one atom of carbon, one atom of 
}i)Mlrogcn, one atom of nitrogen, and one atom of oxygon ; HHO, or II-’O, or HgO, re- 
presems the compound of 2 at. hydrogen with I at. oxygen; repre- 

sents a molecule of oxamide containing 2 at. carbon, 4 at. hydrogen, 2 at. nitrogen, 
and 2 at. oxygen. Sometimes it is required to represent the fact that in some 
j)iirtk‘iilar reaction, or sot of reactions, certain atoms of a compound act differ- 
intly from the remainder; in such a case the symbols of the atoms in question 
are usually inclosed within brackets, a numeral being added outside when needful, 
wliich then multiplies all the symbols contained between the braekets. For instance, 
in order to express that in moruithylic .succinate the group of atoms C^ll'^ behaves in 
rnauv reactions differently from the re.st, the formula of the compound may be written 
C^1P(C‘1P)0\ insl-ead of ; similarly, diethylic succinate may be written thus, 

C*JP(C''H®)-0‘, instead of C^TT'^O^ If for any reason it is desired to call special 
attention to certain symbols which are already contained within brackets together vuth 
others, this may bo done by placing a vineulum over them, or by putting thorn between 
round brackets, and the larger bracketed group of which th(‘y form j)art between 
square l)racket.s. Thus, suppose we want to w'rite the. formula of ethylic diehloracetate 
in such a manner as to call attention at once to the particular functions of the groups 
constituting the radicles ethyl and diehloracctyl, and to the ftict that the number of 
chlorine and hydrogen-atoms in diehloracctyl is equal to the number of hydrogen 
atoms ill acetyl — tliis may be done in one of the following ways : 

(CTKU^0)(C‘^H’‘)0, or [CXHCP)0](C'‘'H“)0. 

Another method of pointing out the relation between substitution- derivatives and the 
corresponding normal compounds, is to place the symbols of the substituting atoms at 
the same part of the formula as would otherwise have been occupied by the symbols 
of the atoms whose place they have taken, writing them when needful above or below 

the line. For example, nitrobcnzoic acid may -be representtd thus, to ex- 


pre.ss the fact that the atoms KO® have taken the place occupied by an atom of hydro- 
gen in the normal compound C’H®0* ; similarly, dibromo-trichloro-naphlhalene may be 
Br* 

written C'®C1". This mode of arranging symbols in a formula is especially used to 

represent the constitution of bodies which may be conceived as formed by the substitu- 
tion of other atoms or radicles for hydrogen in the typical compounds HCl, JT®0, II’N, 

&c. ; e. g. ethylic acetate when compared to the typo H'^0 is often written o** 

C*!!® > C*H® 

C'*H®0 [ ^ ’ similarly diethylamine, when compared to the type Ii*N, is often written C^IFN 

(C-IPP) 

jj ' N or ' H ^ I order to facilitate comparison, the formulas of the 

TT TT J 

primitive types are often written in the same manner ; as water SO or jJ | O, ammo- 
• ? 

ma HN or H vN. The use of a brace c in such formulae has no other object than to 
- ^ 

indicate a little more clearly the exact relative positions of the symbols, and thereby 
the supposed order of combination of the atoms they represent. 

In order to represent chemical changes by means of symbols, the formul® of the re- 
acling bodies are written on one side of an equation, and the formula of the products 
«n the other, the several terms on each side being separated by the sign + , as — 

NKO® + SmO* « NHO» + SHKO® ; 
if it is desired to direct special attention to some one product, this is placed alone 
on one side of the equation, -as . . . . 

NHO*. + KHO -r H-0 - 


NKO». 
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With regard to the meaning of the algebraic signs + and — in chchiical equation 
it must be observed that the sign = expresses merely eqiiality in weight; the sign +] 
that two substances between whose formulae it is placed are mixed together j and tliewgu 
— , the separation or removal from each other of two substances, pometimes however 
we meet with the sign + used to denote combination ; but such an employment of it h 
apt to lead to great confusion and ought always to be avmded. 

If two or more molecules take part in or result from a feaction, the number of mole- 
cules is expressed by a full-sized mimer.il preceding the formula of the substance in 
question : thus when chlorine is prepared by heating a mixture of chloride of sodium, 
manganic dioxide, and sulphuric acid, the reaction takes place between two molecules 
of the chloride, one molecule of the oxide, and two molecules of the acid, and is con. 
sequently represented by an equation thus — ■ 

2NaCl + MnO> -h 2bPSO* Na-SO^ + MnSO* + 2WO + Cl* 

Tho manner in which the large and small numerals are employed in chemical formula 
will bo easily understood, if it is Viorne in mind that the use of the former is to multi- 
ply the formulsE of molecules, while that of the latter is to multiply the symbols of atoms, 
or the formul.'iR of Mdiclos behaving like atoms. Sometimes these coefficients are inter- 
changed, but this is always incorrect, as their true meaning is quite distinct, for instance 
the formula C'H® cannot liavn tlie same meaning as 2C*H^; similarly two molecules of water 
ought always to bo written 2H"0, not H*0*, which would, strictly speaking, be the form- 
ula of a compound one inolculo of which contained four atoms of hydrogen and two atoms 
of oxygen. A similar remark applies to small numerals omployccl to multiply a group of 
symbols inclosed within bracki‘ts : e.g. (C'''H®0)* should not be written (C^II‘’0*) norm 
versd. When the formula to be multiplied by prefixing a large numeral is already broken 
up, by some of the symbols being contained w'ithin brackets or otherwise, it is well, in 
oi*dor to avoid possible misconception, to inclose the whole fornuibi again in brackets, 
putting (he numeral outside. Thus, if th<‘ formula of two molecules of alcohol were writ- 
ten 2(0-IP)H0, till! 2 might be supposi^d to multiply only the symbols between tho 
brackets: to avoid any ambiguitj’ it would be belter to write 2f(C-T['*)HO], 

Sometimes the symbols making up the formula, of a single molreulc are separated by 
a as The proper meaning of this sign is to denote that if the 

atoms represented by tin' symbols on either side of it are removed, one or more com- 
plete molecules will still be left. When a numerical coefficient is prefixed to such a 
formula, its raiiltiplying power extends only to the symbols preceding the point: thus 
the formula 2K01.SbCl* is not equivalent to 2(KCl.SbCi*). When the numeral is in- 
tended to apply to the w'hole formula, this should always be placed within brackets. 

In tho application of chemical formulse to mineralogy, it is often needful to be able 
to represent the general composition of a mineral, the composition of particular speci- 
mens of which may vary considerably, in consequence of the more or less complete 
replacement of one constituent by one or more others, isomorphous with it, Tims 
the formula of normal orthoclase or pota.sh-felspar is K*Al*Si'*0'^ but the composition 
of the mineral often differs considerably from that represented by this formula, tho 
potassium being partially replaced by an oquivalont quantity of sodium, magnesium, 
or calcium, and tho siluminium parLl,ally replaced by iron. This variability of compo- 
sition is expressed by wTiting the formula thus: 

(K*; Na'-; Mg"; Ca")(Al*; Fe*)"hSi«0'", 

which signifies that each molecule contains a quantity of potassium, sodium, magnesium, 
and calcium which is l ogetlier equivalent to one atom of potsis.sium, and a quantity of 
aluminium and iron which is altogether equivalent to two atoms of aluminium. 

The symbols given in tho table already referred to (i, 464, 46.5) represent in nearly 
all cases the atomic w<3ights adopted by Gerhardt; but in addition to these, other 
scales of atomic weights are in use which it is often needful to di.stinguish by the em- 
ployments of different symbols. In the first place, there is the scale adopted in 
Groolin's Hand book of Ghomistry,” and some years ago almost universally employed 
in this country: when formul.Ti founded upon this scale are used in this work, they are 
distinguished by being printed in italics. Secondly, in order to denote atomic weightt 
twice as great as those assumed by Gerhardt, the ordinaiy symbol is changed by tljfl 
reduplication of its first consonant, as Ppb, Ffe, All, &;c., or a horizontal stroM 
drawn through it, as Pb, Fe, Al, &c. Those modes of notation are not employ^ 
cisely in the same way by all chemists, but as special methods are seldom addpV|^ 
without explanation, we need not enter into further detail. It is greatly to be defi^ 
that all chemists should agree in regarding the modified notations now in use, as 
temporary expedients, and that they should aim at returning as soon as practacalt^'^ 
the uniform and sole use of the symbols originally proposed by Berzelius.* • v > 

G. 0. 

* This recommendation has been followed In the present edition. 
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sroTXTB- Palagonite from Val de Noto. 

IfflTCXV* A substance contained in green walnut-shells. It is prepared by mixing 
the ethereal extract of the shells with a perfectly neutral solution of cupric sulphate till 
it assumes a pure i)lood-red colour ; then decanting and filtering, and cautiously 
adding nitric acid (avoiding an excess) till the red colour clianges to blue-^een. The 
nucin is thereby set free, and|>y dissolving it in ether and evaporating over oil of vitriol, 
may be obtained in the form of a yellow powder composed of microscopic needles. It 
is insoluble in water, sparingly soluble in alcohol, sublimes at a little above 100® (or 
aiicording to later experiments, somewhat below 90^^), in reddish-yellow needles. Am- 
irionia, fixed alkalis, and salts having an alkaline reaction, impart to it a splendid red 
colour. The red amraoniacal solution mixed with hydrochloric acid deposits a brown- 
pfid flocculeut precipitate, soluble with red colour in ammonia. Nucin is tree from nitro- 
rren, but its exact composition has not been dclennined. (Vogel and lloischauer, 
Jiihre.sb. 1856, p. 693; 1858, p. 533.) 

The name Js'ucin lias also been applied to a brown resinous substance found by 
Braudes in the hard shell of the cocoa-nut. 

jffUC&EXir. A name applied, sometimes to the albuminous constituent of the 
crystalline lens {Handworterbuch, v. 623), sometimes to the substiince forming the 
nucleus of the blood-cclls. {Lehmann's Physiological Cheinistry^ ii. 186.) 

NI7C]LSVS theory. Thlorie des Noyaux. Kernthcoric . — A theory of the 
constitution of organic compounds, devised by Laurent (Ann. Ch. Phys. [2] Ixi. 
125), and adopted, with some modifications, by Leopold Q-melin in his “Handbook 
Lit' Clioniisrry,” (English edition, vol. vii. p. 18). It supposes all organic compounds 
to bo formed from certain hydrocarbons containing even numbers of carbon and 
hydrogen-atoms,* e. g. Ethylene C^IP, Amyleno Benzene Naphtha- 

lene C'**"!!". Tho.sG are called Primary Nuclei; and from them are formed 
Se condary Nuclei by substitution of chlorine, bromine, oxygen, sulphur, nitryl 
(NO^),aniidogcn (NH'''), &c. for equivalent quantities of hydrogen, c,g. from naphthalene 
the secondary nuclei, C*»H*CP, C*»H«(NO<)*, &c., &c. Further, both 

primary and secondary nuclei are capable of attacliing to themselves externally, as it were, 
(•(Ttain atoms or groups of atoms, always in even numbers, thereby p)roducing alcohols, 
ethers, acids, alkaloids, &c., &c. Thus ethylene, by addition of the group 110, 
produces ether, C^IIMTO = C^IPO ; with it forms alcohol, C*H*.H*0* == 
with 0'^ aldehyde; with 0^ acetic acid, &c. ; again, from the secondary nucleus diox- 
ethylene, 0^11*0^ is formed oxalic acid, tTi(*hlorethylene,C*CPlf, 

witii 0* forms chloral, C‘CPII.0* ; — amidethylene, C‘‘(Nir‘^)lP or C*AdlP'*, yields 
acetamide, C‘AdII'‘.0'‘' = C*H‘NO*, and ethylamine, C^AdHMI'^ ~ C^IPN, &c. 

liU-stly, the compounds thus formed are capable of uniting with others both organic 
and inorganic, forming what aro called conjugated compounds, including the so-called 
compound ethers, conjugated acids, &c. 

Thus, in the ethylene series, wo have neutral ethylic phosphate, 3C^H®0.P0*; ethylio 
biboratc, C'H»0.2B0» ; ethyl -sulphuric acid, C<H«O*.2S0»; xanthic acid, C*n«02.2CS*; 
bichlorocarbonic ether, C*CPH*0,C0*; perchloro-carbonic ether, C^CPO.CO*; terchlor- 
ethylic acetate, C^CPIPO.C^H'O*; carbamic ether or urethane, C*AdH*.H*.2CO* ; 
taurine, C«AdHMI*.2SO», &c. 

As a further illustration, we give the entire series of compounds derived from 
amylene, {Handbook, vol. xi.) : 


Amylene, 

A my lie Hydride, 

-^niylic Ether, C*®H'® HO 
A my lie Alcohol, C*®H*®H*0* 
Valeraldide, C‘®H>®.0* 
Valerianic acid, C'®H‘®.0® 


Peimabt Nuci.bU8, C^®H>®. 

Amylic Sulphide, C*®H*®.H3 
Amylic Mercaptan, C'®H’®.H*S* 
Amylic Iodide, C«H>® HI 
Amylic Bromide, C’®H‘® HBr - 
Amylic Chloride, C*«H'® HCl 
Telluramyl, C'®H'®.HTe 


Conjugated Corn-pounds of the Primary Nucleus, C'®H*®. 


Amylic Carbonate 
Tribasic Amylic Borate 
Amylic Biborate 
Amylic Phosphite 
Amylophosphorous acid • 

0 article have the 


C‘®H*‘CO» - C‘®H"O.CO* 
O^H^BO® » 8C'®H*»O.BO* 
C»®H»B*0» « C*®H"0.2B0® 
C=®H«P0* « 2C‘®H»'0.PH0® 
C'®H«®PO® » C‘®H‘*0*PH0® 

le vahiei u in Gmeliu’s Handbook ; H a 1, C 
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Conjugated Compounds {continued). 


Amylophosphoric acid 
Amylosiilphurous acid 
Amylosulphuric acid 
Amybcanthic acid 
Methylamylic Oxysulphocarbonate 
Etliyl-aniylic Oxysulphocarbonate 
Amylic Dioxysulpliocarbonata 
Ainylic Nitrito . 

Amylic Nitrate .... 
liibasic Silicate of Amyl 
Amylic Formate . . 

Amylic Chloroformate 
Methylic Valerate . • • 

Amylic Cyanide . , , 

Amylic Sulpliocyaiiide • . 

Amylic Acetate 

Amylic Chloracetate . • • 

Ethylic Valoftite . . i 

Amylic Oxalate . . • • 

Amyloxalic acid • • • 

Monovalerin . . . • 

Eivalerin 

Trivalerin 

Valerone 

Valeracetono . . . • 

Amylomalic acid • • . 

Amylic Valerate • , • 


CMiiHO^S* « 

Ci2HiiO'^S« » 
C*®II«»NO* « 
CiojiiiNO* =* 
C“II2’SiO« « 
c‘2n'*04 
O'^TP'CIO^ ^ 

CI2H«»04 ^ 

C'2NH>'S* « 

CmcpH'*0< = 
C»^H»0* 
C«H'-*0» - 

C*"H2^0>® « 

C“1P‘0’* = 

Ci8H«802 = 

Ci=ni=02 
C18H'®0'® := 

C20JP0Q1 „ 


C’®H»0*PH0% 

C’®H**02.2S0* 

C‘®H>W.2SO® 

C‘®H»0*.2CS»0 

C>®H«‘(C®H»)0®2CS» 

C'«H"(C*H»)02.2CS> 

C'«H"0.C=‘S'0 

c'"n*'o.No» ' 

C‘«fI'«O.NO» 

2C'»ir"o.sio* 

C'“n>«o.c*HO* 

C'®H»'0.C®C10® 

c^n»o.c'»iPo* 

Ciojiioc-'NH 

C"’]T>».C-'NHS» 

C"'1I"0.CUP0* 

C>"lI"O.C«CPIIO» 

CTPO.C'“JPO» 

2C'»II"0.C*0« 

C'®H>'‘02.C'0» 

C“1P0«.(C'“IP0*)* 

C"H"0®.(C‘“IP0‘^)> 

(JiohioO'*\C«IT« 

C'‘>IP®0'-'.(PTP. 

C'“H'=0‘^.G«IT*0" 

C'»H'>O.C'“IPO» 


Secondary 

Oxygen-nucleus^ C'®H®0. 
Valerianic anhydride « C'®H®0.0* 
Oxygen-nucleus^ C'®H*0*. 
Pyrotartaric acid *= C'®H®0*.0® 
Oxygen-nucleus^ C'®H•0^ 
Pyrotartaric anhydride, C'®H®0\0* 


Nuclel 

Chlorine-nucleus^ C ' *CPH'. 
Trichloro valerianic acid, C‘®CPH^O^ 
Chlorine-nucUus, C ' ®CPH*. 
Tetrachlorovalerianic acid, C'®CP1I®.0® 


Amidogen-nucleus, C*®(NH*)H® » C’®AdH». 


Amylamino , • 

Diamylamine . 
Methyl-cthyl-amylamine 
Diethyl-amylamino . 
Triamylamiue . 
Metliyl-diethyl-amylamine 
Triethyl-amylamine . 
Tetramylamine . 
Valeramide 
Amylurethane • 
Oxamylane 
Sincaline . 
Xanthaxnylamide 


C»®NH>® 


C‘®AdH®.IP 

C-»NH« 

s= 

C‘®Ad(C'®H>')H»H» 

C'«NH'® 

=s 

C'®Ad(C'-'H»)(CTP)HMl* 

C‘®NH-» 

= 

C‘®Ad(CaP)'‘'H^H2 

C’®NH®» 


C'“Ad(C'“H"yH*.H* 

C2®NIP® 

ss 

C'®Ad(C^H=‘)(C<H®)*H®H* 

C«NH« 

=S 

C'®Ad(C‘H»)“H®.H* 

C4®NH« 

=s 

G‘»Ad(C"'H'>)®H®.H* 

C'®NH"0* 


C*®AdH".0^ 

C‘*NH'®0* 

= 

C'®AdH«.H».2CO» 

C>®NH>»0® 

S= 

C'®AdH".H».CPO® 

C'®NH>®0* 

sr 

C’®AdH®.H®.0* 

C'»NH*«S*0® 


C*®AdH».H®.CS*CO». 


Amidogen-muclcuSf C*®Ad®H*0®, I Azo-nucleus, C'®NH*. 

Inosic acid, C‘®N*H®0‘® = C'»Ad2H»0®.0* | Valeronitrile, C'«NH® 

Conjugated Compounds. 

Amylene-nrea . • . . « C>®H'®C2N*H‘0» 

Valeryl-urea .... C»*N*ir*0* « C‘®H®0*.C*N*H«0* 

Amyl-piperidine . . . C=®NH« « C>®H'® C»®AdH® 

The nucleus theory has not been adopted in any other systematic work on Orgwjj 
Chemistry, and it is perhaps unfortunate that Qmelin should have made it the 
his arrangement of organic compounds ; for it is entirely artificial, often briligin|i^^ . 
close proximity compounds which have little or no natural relation to one 
and has moreover the radical defect of representing organic eotnpounde as a 4*^/^ . 
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bodies quite from inorganic compounds, a distinction which recent inTostiga- 

tions have sh^n to have no existouco in nature. Still as an artidcial system it is 
perhaps as convenient as any other, and enables us with facility to arrange and classify 
nearly all organic bodies whose composition has been well made out, as may be seen 
bv reference to the preceding table, and further to the Tables of Contents of the several 
voluiut's of Gmelin's Handbook redating to organic chemistry (vols. vii.-xvi.). Tho 
objecr ion sometimes urged against it that the number of carbon-atoms in a compound 
must Ixi known before its place in the system can bo determined, is not of much force; 
for no system that could be devised would enable an enquirer to find the place of any 
gi\eii compound in it without knowing something about its constitution. A moro 
Korious objection to the system is that many compounds cannot be arranged under it 
at all. Such compounds are placed in tho Handbook as Appendices to the groups to 
which they appear to have the closest affinity. Thus, under tlie head of compounds 
coutainitig carbon-atoms. Linseed-oil and other drying oiLs are placed in an appen- 
dix to Idnoleic acid; fish-oils as an appendix to riiysotoh-ic acid; and tlie solid natural 
fats, as an appendix to tho Cetylene series in general. This de.f(!et, however, is not 
peculiar to the nucleus-theory ; indeed in classifying compounds according to tlie radiclo- 
rheory, -we meet with at least an equal number of «-ompoiiii(ls whicli at pre.s'ont appear 
iai raclable ; in Gerhardt’s Traits de Chifuie oryanique, for example, wliich is arranged 
according to that theory, about a fourth of the entire space is taken up with the des- 
cription of “ Corps a serier.’* 

JM’irxvEBZSRS, XiA-W OI* SVSXr. See Classification (i. 1011). 

nruSSXSRXTE. Ah ^ impure pyromorphite containing arsenate of lead, from 
Nussiere, Dep. of Rhone, Franco. 

jurr OXXiS. Hazel-nuts, the seed of Corylus Avcllana, yield 60 per cent, of a 
wlcjiirlcss or pale yellow oil having a sweet taste* and a specific gravity of 0-9242 at 16®. 
]r s(jlidifit?.s at —10® The cold-pressed oil was found by Le fort to contain 76-66—^ 

7 7- b) per cent, carbon, 11-46 — 11-73 hydrogen and IFSO — 11*12 oxygen. It forms 
witli chlorine a colourlt-ss compound rather thicker than the oil itself, of specific 
gi-uyity 1-081 at 3-6®, and containing 21*06 — 20 25 per cent, chlorine, hromimUed 

oil i.s yellowish, of the same consistence as the chlorine-compound, of specific gravity 
1-280 at and containing fiorn 36*3r5 to 36*58 percent, bromine. 

Walnut -oil from tlu; kernel of Juglans regia^ commonly called nut oil, is greenish 
wlu u newly prepared, but becorne.s pale-yellow by keeping. Specific gravity 0*9283 at 
12®, 0-9194 at 26®, and 0-871 at 94®. It is inodorous and has an agreeable taste. It 
tiiiekeris at — 15® and solidifies to a white mass at — 27-6® (Saiissure). It dries mord 
quickly than liinsoed-oil, and is therefore much used in painting. 

It contains, according to Lefort, 70*7 per cent, carbon, 11-5 hydrogen, and 17*8 
oxygen. Forms a soft soap with potash. Walnuts yield as much as 50 per cent, of 
this oil. 

Chlorine convert.^ walnut-oil into a light yellow butter of tlie consistence of thick 
honey: specific gravity 1*111 at 12®, and containing 27*12 — 27-26 percent, chlorine. 

I lie hrominated oil has the same consistence, a specific gravity of 1*409 at 17*5®, and 
coiif aius 46-84- 46*75 per cent, bromine. (Oorh. ii. 898.) 

NUTMEO OXXiB. Nutmegs, the seed of Myristica aroinatica(pv M. mo8chata\ 
yield by distillation with water, about 6 per cent, of a transparent, nearly colourless, 
mobile, volatile oil of specific gravity 0*948 (Lewis), 0*920 (Bley), having the odour 
ot nutmeg, and an aromatic burning biste. It contains 81*1 percent, carbon, l()-8 
livdrogfm, and 8*0 oxygen, and is a mixture of an oil and a camphor. It dissolves in 
ai(‘ohol and forms a soapy mass with alkalis. 

rile oil when left tc> stand deposits a camphor or stearoptene called myristicin, 
wiiK-h dissolves ea.sily in boiling water and crystallises -therefrom on cooling in trans- 
purt'iit eolourless, long, very thin prisms with dihedral summits, or by rapid crystallis- 
li stellate groups of needh's. It dissolves also in cold nitric acid and in aqueous 

potash, easily in alcohol and ether, and in warm oils, both fixed and volatile. Contains 
- per cent, carbon, 10*6 hydrogen, and 27*3 oxygen (Mulder), agreeing nearly with 
e tormiila It melts above 100®, and sublimes completely at a higher 

inipt-rature in white very slender needles. It absorbs 11*8 per cent, hydrochloric acid 
fluting to a transparent mass, the aqueous solution of which is precipitated by 

of silver. {Gm. xxi. 3dl.) f y 

buit ' obtained from mace or tho arillus of nutmeg, and^he fixed oil or 

ind 1073)*^*^ myristin, expressed from the seeds, have been already described (iii. 740 

AXntMAXi. Th« *p(td as appKad to animals is 

VoL physiologists in two somewigt different senses. They often" use it in 
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ispeaking of the morpliological laws according to which the parts of an animal decrease 
or incruasf) relatively to the whole mass of the animal and thereby bring about changes 
in form. It is more commonly used (and only so here) to denote, irrespective of form, 
til© sum total of the processes through which the animal body is built up and sustained* 
both as to its material and as to its forces, by that fraction of the external world which 
it takes into itself from time to time under the name of “food.” Every animal con- 
tinually sots fn-'o from itself during its lifetime a certain amount of material and a 
certain amount of force; and the laws of nutrition mean the laws according to which 
that loss is contimially replenished from the first moment of the animal’s existence to 
its final dissolution. Tlie necessity of such a continual waste and renewal, thougli a 
problem of great obscurity, so long as the older theories of vital action were believed 
in, becomes clear when the facts are studied in the light of the theoiy of the conserva- 
tion of forces. While the waste of material in any vital action wjia supposed to he 
caused hy the vital act — while*, for instance, the waste of muscular substance in muscu- 
lar contraction, was supposed to be caused by the play in the muscular fibre of some 
immaterial thing called vital force — it was difficult to eonm^ct stringently together the 
work and waste as cause and effect, and to show wdiy the action of the immaterial 
principle should necessitate the destruction of tho material substance. The difficulty 
however vanishes as soon as we lay aside the idea of any particular vital force or forces, 
and regard the force exerted by an animal upon the world outside it, as having been 
previously stored up within the tissues of the body as latent energy, and as being set 
free in various forms of .actual energy by their decomposition. From this point of view, 
the force becomes the result, not the cause, of the waste ; and a renewal of the body is 
necessary, not in onler that the vital force may have new inatcTial through which to 
play, but beeause fresh latent energy embodied in new material is from time to time 
wanted for the production of actual force. An animal may thus be considered as con- 
sisting, at any epoch, of a certain amount of force associated as Intent energy with a 
certain amount of material. During life the force is being separated fnmi the material 
and set free, manifested, expended in the various forms of vital force, and the material 
thus deprived of its force, is being cast out as useless. This in^cessitatcs that there 
should bo continually passing into the body a certain amount of force .and a certain 
amount of material, so a-ssociated together that they are cajjable either of being 
divorced at once within tlio economy, and tho actual energy liberated, as one or more 
of the so-called vital forces, or of becoming part and parcel of tin? stock of force anil 
material represented l)y the body, ready whim occasion demands to bo similarly 
disposed of. Tims there are three things to be considered : the total income or 
material “phis force ; the force expended or work done, that i.s to say the siittj of the 
vital actions of the economy ; and tho waste or in.aterial inlmis the expended force. 
The condition of the organism at any given time will depend on the rcbition which 
these factors then bear to each other. Thus in early life, the income c.x(*(‘ed.s the ex- 
penditure of force and therefore also the waste of material ; con.sequently the organism 
gains both in force and material. After a certain age, however, the income within a 
given period is, neglecting temporary variations, sufficient, but only sufficient, to cover 
the expenditure: consequently the body neither gain.s nor loses either in force or ma- 
terial, but remains in a condition of equilibrium. The sea.son then follows in which 
the real income is less than the expenditure, and the body becomes a loser. We might 
theoretically imagine this loss to continue until the organism had dwindled down to 
its primeval nothingness ; but in reality, a more or less violent disruption of the vital 
machinery, called death, takes place before any great diminution can occur. The dead 
body then represents a certain amount of force and material ready to be disjoined and 
dissipated in ways that are not vital through the so-called putrefactive decomposition. 
These relations of the factors to each other during the several phases of a lifetime ars 
imitated in the temporary variations that occur from day to day or year to year. 

In considering the income or ingeMa, we find that, although an animal receives small 
quantities of actual energy in the shape of heat, electricity, motion, &c., these are so 
insignificant that they may bo disregarded when compared with the other sources of 
force. Every animal takes into itself from time to time a certain amount of a certain 
number of substances, including a certain quantity of oxygen. These substances rs* 
present, in the prospect of their chemical union, a certain amount of latent energy 
{Spannkraft) ; it is their latent energy which forms almost entirely the source of ths 
actual enejgy of the orgiinism. Since the particular chemical union through 
the latent energy of these substances becomes liberated as actual energy, is chiefly 
of oxidation, we are enabled to state that the income of force for animals is the 
derived from the oxidation by the oxygen of respiration of tlie oxidisable bodies tii^ 
as food, , ^ 

Tho force expended, or cffectm^ of the animal assumes various forms. A ceww ; 
portion becomes, and issues as, heat. Another quantity i$ represented by 
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contrnotion, part of which is concerned in visceral movements, while the rest results 
in locomotion and other mechanical effects. A third quantity is called nervous, 
or cerebral, or sometimes mental force, A fourth is occupied with growth and the 
pivservation of form. The remainder has to do with the chemical transforma- 
tions and elaborations which are necessary before the brute food is in a proper stato 
to l>e consumed in vital action. A part of the total income is expomded in raising the 
rest of the ingested material, with its latent energy, to a higher level of concentration 
ami adaptability for conversion, in changing, as it is said, the dead meat and vegetable 
substance into living flesh and blood tlirougli the processes of digestion, assimilation, 
&:c. This may be called, par excellence, nutritive work ; it corresponds also to the 
force supposed by some writers to be required by living maleriail in order to resist 
ordinary chemical and physical changes. 

1'hn tv(usie or efft'sta may bo briefly described as consisting of carbonic acid, water 
and certain crystalline nitrogenous bodies, -of which ui'ca is the pliysiological type, 
to«H*ther witli a few other matters always associated with the latter. All these are 
the results of the oxidation of the oxidisal>lc income. 

Ft is evident that tlio task of taking the force and material of the income and of ex- 
plaining the numerous conversions they suffer until they finally issue as effectus and 
egesta, is notliiug else than the whole task of physiology. The st udy of nutrition must 
of necessity be confined within narrower limits, perhaps in som(^ such way as follows. 
The animal l)ody ex^nsists of certain kinds of material with force so associated with 
them, that the detiomposition, the metamorphosis, in other words the oxidation, of each 
material sets free an appropriate force and gives rise to a corr(\sponding waste. Thus 
among other things, the Imdy contains certain quantities of nervous, mascular and adi- 
|KJse tissue, whose decomposition may bo said to give rise to muscular, nervous, and 
calorific action, the di'vcdopment of each action being accompanied by its particular 
waste. The object of the study of nutrition is to ascertain qualitatively and quantita- 
tively the things which are best suited when taken into the body to ensure the aequire- 
nieiit of one, several, or all of the various corporeal constituents, and thcmcc* to guarantee 
the exhibition of the force or forces proper to tho animal ; or, in other words, to deter- 
mine the laws jWH'ording to which qualitative and quantitative variations of the income 
atfi ct the quality and quantity of the capital, and thence tho quality and quantity 
of the expenditure. The practical problems, for w'hoso solutions a knowledge of such 
Ifiws is desirable, will vary of course with the circumst ances of the animal. For instance 
ill animals doomed to the slaughter-hoiLso, the questions have to deal more particularly 
with tho amount and nature of the material devedoped in the body, that is to say with 
tlie amount and character of the capital. In man and beasts of buiflen, attention has to 
be drawn to tho amount and nature of the force expended, mu-scnlar, nervous, &c. In 
coming to any conclusion on these matters, a certain amount of crude experience is 
necessary before a rigorously scientific method can be applied. 

On the natube of Food, 

that is to say, the nature of the income. Though oxygen is an essential part of the 
income, it stands so much apart by iteelf, that it is generally considered separately from 
the rest of the income or food proper. Experience teaches us that the food of animals, 
so understood, consists of a certain number of animal, vegetable, and inorganic substances 
known under the name of “articles of food.” Such are meat, bread, milk, potatoes, 
grass, water. Somo animals worn) feed on vegetable and inorganic substances 
only, viz. plants and water. Others {carnivora) feed only on animals (previou.sIy 
reared cn vegetables) and water. Others again, such as man, are omnivorous, feeding 
on both animals and plants. A chemical examination of all known articles of food ” 
shows t hat each of them contains one member or several members of a cla.s8 of chemical 
cornp()«nd.M, which, from their universal occurrence in the exceedingly numerous and 
otherwise most diversely constituted “ articles of food,” and from the constant ratio 
their presence bears to the roughly determined nutritive value of these articles, have 
received the name of “alimentary principles.” They have these characteristics. They 
are all capable of being digested, of passing from the alimentary canal into the 
jyslem ; when any one of them i.s swallowe^ a fraction only of it reappears in the 
tieces. They are all capable of being oxidised, and are found by observation to bo 
more or less completely oxidised when introduced into the system as fpod; when 
swallowed, the part which does not reappear in the faeces, and which therefore has been 
mgested and absorbed, cannot be detected passing outwards again unaltered, either 
nro“gh kidneys, lungs or skin. They are nearly all complete compounds of carbon, 
and nitrogen. 

besides these oxidisable “ alimentary prindples *V there is also another class of sub- 
sancea, repre.sented by some of its members in every article of food, substances which, 

o«gh digestible and evidently in the habit of passing into the system, are either 

£2 
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incapable of oxidation or may bo proved not to be oxidised in their transit through the 
economy. In the opinion of some, these bodies should not be classed under the head 
of food. But there are cogent reasons why they should be so treated. Experience 
shows that they arc quite us essential constituent^! of a healtliy diet as tlioir oxidlsable 
companions. And the necessity for their use is obvious. If it is true tliat the amount 
of force possessed and given out by living beings, is due to tli«! cliemical pro- 
cesses talcing place within the body, or speaking generally, to the oxidation of the oxi- 
disable food ; then, out of the whole number of substances consumed as food, only 
the oxidisablo “alimentary principles*’ can be looked to as sources of force. But life 
is not men* naked force ; it is not simple eondiustion or oxidation. It is oxidation 
under p;irticular circumstances; it is force manifested in particular modes. The force 
generated by tlie oxidation of the alimentary pritunples is regulated and directed into 
particular cliaiinels in and by the body. The body itself, besides being a mass of latent 
force, is a machine fur the conversion of force, mid that part of the body wiiich so sen'e» 
us mere machinery will require fer its comstruction, material that not only need not be 
oxidisablo and force-giving, but will bo all the more inscful for its special purposes in 
so hir as it cannot bo oxidised. AVliile that machiuery is being built up, during the 
growth of the animal, its material must be sought for in food, and during the whole of the 
life-time there will be continual waste and renewal of the niacliinery, not necessarily 
for the purpose of giving forth force, but because the peculiar circumstances of the 
nmeliiiiery unavoidably cause part of it to be continually carried off in the general 
waste-cuiTont of tho economy. The animal body is not a steam-engine wliich seeks 
only force in its fuel und is repaired from without ; it is a pceuliar machine w'hich has 
to find in food not only its supply of force but al.‘<o muti rial for its constant n pair. 
We may therefore divide food into the oxidisablo alimentary principles, the force- 
generators, the biogenic elements, ami into tJie other substances w’hieli serve 
only as material for repair of pure machinery, and which tlierefore may hr called f orco- 
regulators or biotaxic elements. It must however bo ivmtimbercd that the force- 
generators may be or rather decidedly are foree-regnlaturs, tlujugh the converse of courso 
does not liold good. It is naturally a matter of vt!ry great ditJiculty to determine 
whether any given body, conh'.ssedly not an alimentary princi[)le, is to be reganlcd as 
a force-regulator, or as being in tiuit sense neees.sary to the well-being of tlio eijonomy. 

All such substances, generally found in a liealthy body and therefore in ordinary 
food and in the ordinary ogesta, may be so considenal. But it would bo liazardous to 
limit the list to these, since it is quite po.ssible that science may yet discover that tlio 
ordinary consumption of bodies not as yet recummeiided by exj>erience would increase 
an iiuimara well-lHong by introducing “now regulative elements ” whereby the coiivor- 
sious of force within llie economy might be more advantageously carried on. Should 
any such be discovered, they would liave the right to bo claiim'd as ]>ro])er elomcnts of 
food. Hence the difficulty of giving a satisfactory definition of “ food ** wide enough to 
embrace all its parts. “ Wliatever is commonly insorbed in a state of liealth ” is per- 
haps the best or rather tlie truest. According to this quinine (which though oxidised 
in the system to a certain extent, must be regarded for its virtues as a pure regulator) 
in the midst of malaria is as much an element of food as starch or salt. IVledicines in 
general may be regarded as occasional regulators. 

The alimentary principles may be rouglily enumemtotl as follows: 

1. Nitrogenous Colloids . — These are chietty tho w'hole series of protoin-com pounds or 
albuminoids, both from tho animal and vegetable kingdoms. Also gelatin, which though 
of little value apparently for certain purposc.s, fairly conies under tho head of “ aii- 
mentary principles,” lo these may be added certain peculiar nitrogenous compounds, 
not protein, sucli us those occurring in beet-root molus.sps or mangold pulp (Hon no- 
berg and Stohmunu) whose miturt; and proportit^s have not yet been well studied 

*2. Jlydrocarlfons, Fats. — Nearly all animal fats may be regarded as alimentary 
principles. So also most of the vegetable fatty bodies, with deductions for Varying 
digestibility and purity. Information us to the digestibility of vegetable bodies more 
or less allied to fats and oils is wanting. Aecording^to Gr ou v en, the waxyand resinous 
portions of vegetable food are largely digested by oxen and oxidised in their system. 

3. Carbo’^hydrates. — Starch, Sugars, Dextrin, Gum, Woody-fibre, Pectin, Th® 
first two are largely present in most vegetable articles of food, and hold a high rank 
as al imentary principles. Inulin, according to R o 1 1 e s t o n (Brit. Assoc. Reports, 
resists human salivary ^iastase, and is ix)s.sibly therefore not digested Gum 
digested by man, but Js destroyed in considerable quantities by oxen (Grott^itV 
The group of substances' known under the name of pectin, classed for convenienn^ 
carbohydrates, seems to be readily digested and oxidised by oxen. Woody-fibifi 
is the cellulose of woody-flbre, not its lignin or cutin) is digested by ruminants 
extent of from 30 — 60 per cent. (Lawes and Gilbert, Honnoborg, 
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Besides those alimentary principles there are also present in a healthy diet, tlie 
boditH which have been called regulators, Ti'z. ; 

Water and the following elements in various combinations, phosphorus, sulphur 
(in addition to tlio quantities contained in the protein substances), chlorine, fluorine, 
godioin, potassium, calcium, magnesium, iron, silicott ^ ’ 

'J’hi’ro are also consumed in food, either universally, or generally, or occasionally, 
certain l) 0 <lies most of them ca])able of oxidation, but concerning wdiich there is nuicli 
(li-^pute, either as to whether they really are oxidised in the system, or as to whether, 
if oxidised, tlieir value as ingredients of food is to be measured by tJie force given out 
by (heir oxidation, or by their action as regulators. Such are vegi'table acids, theine, 
lllcoliol, &C. 

The food of man also contains certain substances known under the name of condi- 
Dients. Since these bodies ]>erform their functi(uis outside the real body though 
•within the alinumtaiy canal, they have no better reason to bo considered us food tlian 
has hunger, oidiinum condimmtum. 

Dietetics. 


Crude experience teaches how to form such a mixture of these elements of food 
as shall ensure the well-being of the animal, in other words liow to construct a healthy 
diet. It is found that when any one alimentary principle is alone taken as food, the 
animal p<u-i,shes hy starvation. N(‘ith(T protein, nor fat, nor starch, nor sugar can alone 
tnpjjort life. It is also found that animals cannot bo maintained in health unless 
some uKunbers of the. group of elements called regulators are. present in their food. 
J[«*iieethe rule may be laid dow’u that evciry gooii diet must consist of two or more 
alimentary principles combined with a selection of regulators. Every known article of 
f.M.d fultils these conditions more or less perfectly. In order to oldaiii from expericmco 
more exact knowledge oT the absolute and rtdative amounts of tlie constituents of a 
he.dthy diet, recourse must be. had to statistical analysis. '’.IMms, taking man as an ex- 
ample, If a large, number of diets actually in use among pi'rsons of average circum- 
stances bo collected, and the various art ieb*s of food contained in eacli be analysed 
acconling to their alimentary principles and constituents, a mean may bo drawn which 
would give a qualitative and quantitative selection of theehief factors for a normal diet. 
Thus iMol escliott (.Phy.s. d. Nalirungsniittel. s. ‘216) gives as a normal daily diet, 
protein-sul^stance, 130 grins.; fat, 84 gnus.; starch, 404 gnus.; salt, 30 grms. ; water, 
2,800 grms. kSince no one article of food contains its alimentiiry constituents in that 
))i‘()port lon, it is evident that two or more articles of food are necessary for a good diet. 
Another method of formulating the results of large (‘xporienco, is to express them, 
nut in terms of the alimentary principles tln‘m.sel.ves, but in terms of the total quantity of 
nitrogen and carbon contained in tliost* principles. Thus a certain amount of niti'ogen 
rejiresents a certain amount of protein, and a certain amount of carbon also represents 
tin? same amount of protein, plus a certain quantity of either fat, starch, or sugar, <fec., 
or of .-dl of them. In this way Dr. Edward Smith (Sixth Report Med. Off. Privy 
f 'Otiiieil) calculates that the agricultural poor of Great Britain consume, on au average 
+‘20 grins, carbon, and 20 grms. nitrogen daily, while silk-weavers, needlewomen, &e., 
only get 207 grms. carbon, and 11 grms. nitrogen. Since the latter only just rnamigo 
to keep slarvation from their dpors (266 grm.s. carbon, and 12 grtns. nitrogen daily 
being the •* starvation diet” suggested by Dr. Smith in reference to the Lancashire 
operatives), the diet of tlie former, productive as it appears to be of general healtli, 
irniy fairly be taktui as a normal diet. Variations, liowever, from smdi a standard, 
often extri'ine in character and yet compatible with well-being, are occasionally 
witnessed. Thus Carpenter (Human Phys. p. 46) remarks on the voracity of the 
E'iqiiimaux, and quotes an instance of one devouring 36 lbs. of aliment mostly fatty, 
i^ucli a meal was probably rather swallowed than digested; but the case of the 
voyMgenrs of Canada, who are dissatisfied with rations short of 20 lbs. of meat per diem,*: 
would give a consumption of 280 grms. nitrogen. In the dipection of a mininum the 
f^inne author mentions an instance .of a miller, who lived in vigour for 18 years on 
16 oz. of flour per diem, which would give 110 grms. carbon, and 6*8 grms. nitrogen. 
Since tliis miller drank no alcohol, his case somewhat lessens the valne, of an argu- 
nieiit, founded on the histories of individuals said to have lived for yeara on spirits 
plus a small quantity of actual food. 

Another method of determining a normal diet consists i%^timating the average 
quantity of nitrogen and carbon in the urea and carbonic acid of the egesta. ' The 
amount thus determined is first translated into alimentary pifeciples, and thence into 
iirticles of food. The lessons of experience thus roughly analysed, though of course 
^ery valuable, cannot be regarded as anything more than approximations to truth, or 
as bases fop further inquuy. For* instance they take no account of an exceedingly 
variable factor in the mutter, namely digestibility. Thus the diet gained bj calculat- 
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ing back from the egcsta can only be a true one when the wlioleof the ingesta are digested, 
which is probably never the case. So again in the method adopted by Dr. E. Smith 
it is taken for granted that the articles of food containing the due nitrogen and carbon 
are either wholly digested or digested at the same rates under all circumstances. Hut 
we know that the digestibility of the different alimentary principles varies according to 
the nature of the article of food in which they are presented. And not only has each 
article of food an absolute coejfficient of digestibility, byt there is every reason to 
believe that in a mixture of different kind.s of food such as forms an ordinary meal, the 
amount digested of each constituent wdll vary according to the proportions and 
character of the mixture. Thus the presence of fat is thought to assist the digestion 
of starch, and the amount of cellulose digested by oxen varies according to the amount 
of other substaiiccH present in the rations (Plonneberg, Grouven). Other cir- 
cumstances too, such as labour, rest, &c., materiall}’' affect digestion (E. Smith). 
Hence the importance of e.stimating, not the amount of foofl taken in by the mouth 
only, but timt which is really absorbed into the system and which alone pos.sesat‘S tlie 
virtues sought for. Even when the actual amount of carbjii and nitrogen necessary for uso 
under average circumstanee.s has been thus determined, soveml questions have to bo 
answered before a diet of any practical u.se can be fixed upon. Can gelatin supplant 
protein either wdiolly or in part ? The labours of the well-known commissions show 
how difficult or rather impossible it is to decide tlii.s from mere experience. Are fat 
and starch mutually convertible ? May a diet consist of all fat or all starch in addi- 
tion to the protein ? J« the action of sugar the same as that of starch ? What 
changes should bo made for labour? What for fattening? It is evident that to 
determine questions like those from mere experience, with nothing but the vague con- 
dition of well-being as a test of success, is well-nigh impossible. For further know- 
ledge it becomes necessary to leave on one side tlie concrete results of experience either 
with regard to man or animals, and to turn to the search of the abstract laws govern- 
ing the conversion (in the animal body) of ingesta into effectus and egesta. 

Oenehal Laws of Nutbition, 

Or, the laws according to which material consumed as food affects the composition, 
and forces of the animal organism. 

Tho older views on this matter were extremely simple. Dumas (Essai de Statiqn 
Chimiqm dca jttres urgmmes) taught that all the alimentary principles might be 
divided into, 1. Assimilable products, viz. protein substances and fatty bodies which 
served by direct Assimilation, to increase or renew tlio organs of the. body previously 
wa.sted during the exercise of vital forces ; and 2. Conilmstihle products^ viz. sagsa* and 
fatty bodies, consumed in respiration for the purpose of supplying animal heat. Liebig 
and his school proved that fat w^as actually created in the aniTruil economy probably 
out of tho carbo-hydrates (Dumas having at first said, ‘‘L’animal s’assiniile done ou 
d6truit des inatiiVres organique.s toutos fiiites; il n'en cree done pa.s,” but aftepwaids 
supporting Liebig’s view) ; and hence, while adopting a similar division of food into 
“phistic” and “respiratory” elements, added as a corollary that an excess of ingested 
respiratory material not wanted for immedialta use, might be stored up in the body, not 
as fully formed tissue, but as niecbanically infiltrateil fat. Since then, however, 
matter has been the subject of much exact inquiry; and the results obtained will be 
best studied by considering the statics, that is, all that relates to composition, apart 
from the dynamics which have to do with force. 

A. Statics, 

The following is the general form of the problem.s to be dealt with. Given the efRct 
of a known ration of food on the total weight of an animal, to determine, from |iii ele- 
mentary comjparison between the ingesta and egesta, how that effect may be 
in terms of the constituents of the body. For this purpose, aft analysis, prozimatAlid 
elementary, of the food cx^>nsumed within a given time is made; the unne and 
are collected and analysed, their elementary composition being directly determine 
perfect exactitude is required; the excretion by lungs and skin is' also estimated 
means of a ^spir^ition-chamber,” and the amount of oxygen fixed by refipirati^: 
calculated by subtradSpg the initial weight of the animal plus ita food from tne 
weight plus all the egesta.^ With what great certainty such comparison 
made is seen from the following table of the observations made by PettenkofeHj^^^^g'^'. 
Voit on a dog, who with, a daily ration of 1,500 gnus, of meat was neither malarii^v, 
gaining nor losing fieah. 
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Ingesta *» I50t) grms. Moat. 


187*8 grms. 

Carbon. 



152*45 „ 

Hydrogen 

( 25*95 in dry-substaneo. 
j 126*5 in water. 

6100 

Nitrogen 



1089-25 „ 

Oxygen 

5 7 7 *25 i n dry-substaiioe» 

i 1012* ill water. 

19*5 • 

Salts 

. 'I- 


Oxygen fixed 

=- 477*2. 



Egesta in grms. 



Carbon. 

liyclroKi^n. Nitroj^en. 

Oxygen 

TTrea • • . • 

21*6 

7*2 6*4 

28*8 

Other urinary constituonta 

9*6 

2*5 . . 

16*9 

Water of urino 

. . 

102*5 . . 

820*3 

Pry Faeces .... 

4*9 

0*7 0*7 

1*6 

Water of Faeces 

. . 

3*2 . . 

26*3 

Ciirl)onic Acid of Perspiration* . 

146*7 

. . 

391-6 

I^Iarsh Gas of Perspiration ^ . 

Frei' Hydrogen of Perspiration 

1*2 

0*4 


. . 

1*4 

315-4 

\Vat()r of Perspiratiou 

• » 

39*4 . . 

Total Egesta 

184*0 

157*3 61*1 

1699-7 

'Total Ingcsta . . 

187*8 

152*5 51* 

1666-4 

Sum of Ingests 
„ „ Ege.sta 

• 


= 34-6. 


Salt!, 

16-3 

3-4 


1^7 

VJ'd 


Anil evon this slight difFcrence tlie obsorrors state Tuiglit bo still further reduced by 
hypothetical corrections, for fleccs, of the animal’s total weight. In all experiments of 
this kind, the determination of the real weight of the animal, though apparently easy, 
is in reality a very diflicult task, inasmuch as the total body-weight forming the basia 
of tlie calculations ought to b<^ tliat of the body fr(?e from faeces, and in most case.s the 
animal has within him at the time of the initial weighing some of the faeces of his 
pn.'vious diet, Jind at the final weighing more or less of t he faii'cs formed out of his 
experiincntal ratioms, In the observation above detailed Iho carbonic acid, water of 
pcrspii’ation, &c., &(!., were directly determined liy means of a (‘omplieated apparatus. 
Other inquirers have been conicnt to determine the carbonic acid only, and that from 
time to time during the experiment (Bidder and Schmidt), leaving the water of 
perspiration for calculation, and neglecting the other gaseous excreta altogether. 
Bischof and Yoit did not even determine the carbonic acid, but based their calcula- 
tions on the average thrown otf by dogs according to Rognault and Reiset 
The determination of the nitrogen of the egesta has been the occasion of much dispute. 
I n the above observation, P o 1 1 e ii k o f c r and V o i t merely determined by Liebig’s method 
the urea of the urine, and considered the nitrogen therein contained as the only nitnigen 
excreted. Against tliis mode of pro(?odnre, it has lK*en urged, in the first place, that 
the urine certainly does conhiin small quantities of other nitrogenous bodies, to 
wit, creatine, creatinine, &c., and may po.ssibly contain them in considerable quantities 
on particular occasions. Voi t maintains however tliat Liebig’s method gives a result 
which includes these bodies when they are pr(\sent, “ their nitrogen-equivalent behaving 
towards the mercurial solution exactly like the nitrogen-equivalent of urea.’* Other 
observers have determined the uric acid sis well (Ranke), or in herbivora the hippuric 
acid (Honneberg, Grouven). It is also urged that a certain quantity, a small one 
doubtless, of nitrogen goes off in the p^rocess of desquamation and depilation. This 
has been approximatively accounted for by some observers (Bidder and Schmidt, 
Grouven). Lastly, it is mainlined that nitrogen passes off by skin and lungjs in 
some form or another in considerable quantity. While Regnault and Reiset 
found evidence of only slight exhalation or absorption of nitrogen by the lungs, 
Boussingault (Mem. de Cnimie agricole, &c.), in experimenting on turtle-doves and 
horses, could only recover from uriue and faeces about two-thirds of the total quantity 
of nitrogen taken in as food. Barral, experimenting on human beii^, came to a 
eimilar conclusion ; and other observers have failed to a greater# or loll^xtent in re- 
covering from urine and faeces the nitrogen of the aliment. ^ Reiset 

(Ann. Ch. Phys. 13fi3) found evidence of considerable volatUe excretion of nitrogen 
in sheep, calves, geese and turkey-fowls, and to a small extent in pigsv. To these facte 
be added the experiments of Funk e on the presence in the perspiration, of urea 
inconsiderable quantities. On the Other hand, Biddor andSohmidt foundincatsthe 
whole of the nitrogen reappearing m urine and faeces, except in i^es where there was 
• By »klu an4 Inns*. 
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r«Hson to think it hud been retained in body. Haughton (Dublin Quart; 

J. 1859) believes that the same thing holds good with men, and that Barral yr^ i 
vrong ill his analysis of food. So also Banke, who moreover found both that a pro- 
sweat had no effect on the nitrogen of urine, and that there was no appreciable 
Athount of nitrogen to be discovered in the ffw^ent. Hen nob erg holds apparently that 
in oxen ift> amount of nitrogen is lost by lungs or skin (except as hairs, 

and Grouve^ found by direct estimation, the amount of ammonia given off by oxri 
to. bo exceedingly small (J grm. per diem); ho also ascertained that the difference; 
between the nitrogen of food and that of urine and faeces was rt*duc(>d to a very snialj^ 
quantity indeed vv'iien the ox was fed for some considerable time on rations whereby ' 
he neithergained nor lost much in flesh. Lastly, Vo i t (Ann. Ch. Pliarm. Suppl. ii. 1863) ■ 
fed a pigeon in the same manner aa Boussingault for a considerable time on^ixed- 
rations, and found that ho could recover out of urine and faeces all the nitrogen of till ; 
fbod with the exception of 2*3 j><'r cent., which moreover could be accounted for by 
considering an increase w’hieh took place in the animal’s weight to be an increase in. 
nitrogenous material. Voi t calculated that if only ()‘ll grm. nitrogtm had been giveh 
out daily by the skin and lungs, in addition to-that contained in urine and fseces, there ^ 
would have been none left in the animal’s body at the end of the experiment! Hence 
in experiments of this kind the practice still obtains of considering the nitrogen of the; 
urea (with that of uric and hippuric acids when j)resent) as representing the whok ' 
nitrogen of the egesta. 

Having thus determined with more or less precision the amount and naturo of^e 
egesta, the faeces mnst be placed in a division by themselres, since they 
the portion of food wliich is not digested, not absorbed w'ithiii the true body,^bfeh ' 
takes no share in the a<;tions of the economy, and must therefore be deducted^from 
tlie total of food, the effect of which is being studied. It is quite true that the faeces 
contain, besides undigested material, a certain amount of stuff which has been po.ured 
into the intestine after having fultilled its function in the economy, and has efCiiped 
resorption during its transit through the alimentary canal ; but the amount wbj^ bfis 
thus undergone oxidation i.s so small that it is generally disregaixled. ' , ■ 

The next thing to bo dom; is to determine what inference is to beidrawn 
presence in the true egesta (from kidney, skin and lungs) of any given element or 
compound. What, for instance, does llie presence of nitrogen (or uroa) signify ? 
nitrogen arises doubtless from some metamorphosis within the body (metamorphoasti;:; 
being used as meaning chemical cliange, a shifting of the <?lements from one ; 

into another, or othi'rs). We may go so far as to say that it arises from tiie metamoiv' 


phosis of some nitrogenous material, which material may further bo dc(!lared to be S 
protein substance (or gelatin). ^ 

But there are in the animal organi.sm many different proteinous tissnej^* ^ 
least more than one gelatin iferous substance (holding positions of variable 
and value), each of wliicli might by metamorphosis give rise to the nitrogen of 
If we take the very roughest an.olysis of the uniinal body, we shall be - pbli^ld to 
consider, as separate collections of niti-ogenous material, the niuscular the 

nervous tissue, the connective tissue (including the bones), the glandular tissue, and 
blood, each containing not only a form and possibly several forms of nitrogei)ipdi| 
manorial, but very many otlier substances as well. And it is evident that ifw'O assj^i^^ 
that the presence of a given quantity of nitrogen in the urine indicates the motaiS^ 
pilosis of a certain quantity of any particular tissue (that metamorphosis not being^ 
fined to its nitrogenous niateriul alone, but embracing also at least all its cbnsti 
that are at all liable to d<u*ompo.sition), tlie total change both as to the composition 
the forces of the body wdiich wc are thereby enabled to predicate, will vaiy consi ' ' 
ao(‘ording to the tissue which we select, whether muscular, nervous, &c., &e 
^election is naturally a problem of extreme difficulty ; indeed it has hat4l^ 
attempted except in refiTcnce to two points. In the first place thegre is everj^ 
to believe that the amount of metamorphosis naturally occurring iir 09nii6Ctive 
exceedingly small compared wdth that going on in the other nitrogenotis tissues,, 
information on this score i.s w'anting, but the starvation experinients have sh 
the bones for instance suffer scarcely any loss during a long abstinence 
Hence in the researches wo are dealing with, the gelatiqiferous tissuceare di 
In the next place, a distinction has been set up between nitrogenous material 
' merely been digested and absorbed into the blood, and nitrogejtui^ material 
undergone the -ffirther prpeess of being converted or assimilate into ‘ 

diotinct anatomical elements. For instance, a certain quantity of afbUmifi 
b^u converted by the stomach into the peptones, enters the cirtjulafidu^afld fu; 
of the naitrogenous material of the blood ; in due time it escapee from the 
and conies into closo connection with some tissue, say muscular fibre, of whjli 
henceforth a comitPtient port (though how far each chemical constituent of a 
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to do with its histological features, the nuclei, striae, &c., or how far these same 
i features share in the general metamorphosis of the fibre is uncertain). If the albumin 
ig metamorphosed 80 iis to gh^e rise to urea while it is still within the blood, the 
result to the organism will be very different from what would occur if the metamorphosis 
were deferred until the albumin had become part and parcel of the raustfula-rfibi^p. A.nd 
the same applies to the other tissues. Hence we may speak broadly of tWijl sources of 
urea ; one, the metamorphosis of digested food still dwelling in the blood-current, and 
Ifliich, for the sake of brevity, we may call the metamorphosis of Blastema or modified 
food ; the other, the metamorphosis of tissue previously formed out of Blood, and which 
we may call FlcsA, although we embrace under that title not muscular tissue only, but 
every other kind of tissue that contains nitrogenous material subject to constant change. 
According to Liebig, Bis chof, Voit and others, the last only is the true expression 
of the process of the economy, Elesh the only source of urea. According to Bidder*, 
and Schmidt urea may arise both fr<ym Blastema and from Flesh. 

Having thus detonnined the source of the nitrogen, the analysis of the egesta may 
be continued. The metamorphosis of Flesh or Bla.stema (or botli) which accounts for 
the nitrogen will also account for a certain quantity of carbon, hydrogen and oxygen. 
The remaining quantity may then be infcrnul t-o r(isult either from the metamorphosis 
of a calculable quantity of adipose tissue (or Fat) or from llie nietainoi*phosis of tlio 
hydrocarbons or carbo-hydrates of Food while still in tlio blood-current (Blastema). 
A oomparisou of the ingesta and egesta may then be used as follows. 

An excess of the nitrogen in the ingesta over tiiat in the egesta will bo regarded as 
a storing, up of nitrogenous material which has <‘scaped metanior})hosis — us a gain either 
of Flesh or, if it is possible to heap up such matters in the blood-current, of blastema. 
An excoaa of nitrogen in the egesta. over that in the ingesta will signify a metamoridiosis 
or consumption of Flesh over and above the metamorphosis of nitrogenous material 
contained in the food (or its equivalent in fiesh), and therefore may be regarded as a 
loss of flesh. . Supposing there to have been during the period of experimentation a total 
gain and again of Flesh = a; t -- a will then remain as tlio expression of the gain in 
fat, ^ater, or both = i + c. The excess of carbon in the egesta over that in tho 
ingesta minus th# elements required for tho gain in Flesh, may then be used for 
CHlcmlating the gain in Fat c= i. The n*tainod \vuter may tluui be calculated from 
the equation t — a — b = c, and ought also to be represented (if a complete analysift 
pf both ingesta and egesta has been made) by tho amount of oxygiui and liydrogen 
remaining in the excess of egesta aft<'r tin* subtraction of tho elements reijuired for tho 
gain of Flesh and Fat. When there is a total loss, or special loss of any of these three 
chiet constituents, tho sign in tho f?quationa must be altered accordingly. As was 
stated above, B i s c h of and Voit made no coniplete analysis of tho egesta, but contented 
thcra|elves v^ith determining the nitrogen as urea ami calculating out the carbon of tho 
egestii, as an index for gain or lo.ss in fat, from previou.sly determined averages of the 
carbonic acid exhaled and units of lieat thrown off by tlie dog. It is evident that 
such calciilfl^ons leave margins for very considerable errors, and a comparison between 
me theoretical results of Bischof and Voit, and the actually observed results of 
Pettenkofer and Voit with the same doff shows how important such errors may be. 

rile opinion that the nitrogen of the ege.sta when food is taken arisics from tlie 
metamorphosis of both flesh and blood is upheld by Bidder and Schmidt. These 
obserrers determined the excreta in a cat for a period of eighteen days, during which 
f tiiken, and the whole nitrogenous metamorphosis refcrrctl therefore 

TO flesh alone. ^The following table gives, reduced for each 24 hours to 1 kilogrm. of 
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6 
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a’is? 

2-293 

1-887 

1- 732 

2 - 227 
2133 
1-968 

^ 2-091 

2^'263 


r nitrogenous protein 
is: 

material (not flesh) calculated to have undergone 

Carbonic acid. 

Protein. 

Fat. 

Day, 

Urea. 

Carbonic acid. 

Protein. 

Fat. 

20^8 

9-94 

1-76 

10 

1-907 

22-46 

6*78 

4-66 

. 20*61 

7-13 

3-30 

11 

1-723 

22-09 

5-84 

4-84 

21 S7 

6-85 

4-34 

12 

1-648 

23-13 

5-12 

5-34 

20-74 

5-37^ 

4-33 

13 

2-166 

23-61 

6-71 ' 

H-56 

20-61 . 

6-90 

3-41 

14 

2224 

23-55 

6-90 

4-43 

. 20-94 - 

- 6-61 

3-67 

15 

2-052 

23-96 

6-36 
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‘ 20-69..jr: 

6-10 

3-86 

16 

2-154 

23-28 

6-68 

4^44 

20;79 • 

‘ 6-51 

3-72 

17 

1-216 

91:45 

3-77 


.. ;21-89 ^ 

7*02 

,4 

3-89 

*8, 

0-597 

. 17-67 

1*35 

tri& 


food on the one hand and of dying on the other be thus eliiniuat 4 !^ thie 
excreM, and of protoinl^id P®®* 

, ^amme per diem ik jr^turkably constant. - The total quahilH^ of 
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during the whole period, 30*807 gms. bespoke 204*43 grms. protein material (calculated aa 
dry muscle free from fat), containing 102*24 grms. carbon, which deducted from the 
total amount of carbon excreted, viz. 205 96 grms., gave 103*72 grms. carbon, an equivu* 
lent for 132*76 grms. pure fat (not adipose tissue). The total loss in weight was 1264 g 
grms., which leaves 927*62 grms. for the loss in water and salts. An analysis of the 
dead body, compared w’ith an analysis of another cat very closely resembling what tlm 
dead one was at tlie commencement of the experiment, gave a probable loss of lO'io 
grms, water, and 306 grms. dry material of which about 130 grms. was fat, and thus 
alFordod a fair corrobo ation of the theoretical deductions. On feeding a cat, howeser, 
on such a quantity of tiesK that for nine days it neither gained nor lost weight to anj 
great extent, they found the daily excretion per kilogramme per diem to be 

Urea .... 2*958 Carbonic acid . . . 20*322; 

when it was forced to eat as much as possible, the excretion per kilogramme per iem 
was ■ 

Urea .... 6*152 Carbonic acid . . . 34*877. 

Another cat left to feed ad libitum gave per kilogramme per diem 

Urea .... 7*663 Carbonic acid . , , 34*164. 

Bidder and Schmidt drew from their results the conclusion that the total metamor- 
phosis of any given animal is dependent on two circumstances, or is a function of two 
factors, one constant, the other variable. The constant is tlie typical metamorphosis 
exhibited during hunger, shown so clearly for tlie cat in their starvation-experiment, 
a metamorphosis rendered necessary for the production of heat and the other vitil 
forces, the amount being determined by the species, age, bulk, &c., of the animal. The 
variable is the food taken for the time being. When the food taken is only 
sufHcient to cover the waste caused by the typical constant metamorphosis, all the 
excreta may bo inferred to have arisen from the mot-amorphosis of flesh. When, 
however, a surplus of food is taken, then part of the excreta is due to metamorpho- 
sis of blastema. Thus when a surplus of moat was consumed by the cat, a certain 
portion entered in a state of flesh, replacing a certain quantity whose nitrogen appeared 
in the egesta under the form of urea as the representative of the “constant” meta- 
morphosis ; the rest was split up in the blood into a nitrogenous and a hydrocar- 
bonous portion. The nitrogenous portion was at once thrown off as urea, A certain 
amount of the hydrocarbonous portion then either entered the body as fat in order to 
supply the waste caused by the “constant metamorphosis’' necessary to produce the 
typical amount of carbonic acid, or what amounts to the same thing, was metamor- 
phosed at once in the blood in order to produce tliat amount of carbonic acid, and «o 
saved the fat of the body from consumption. If, after the performance of this duty, 
any of the hydrocarbonous portion still remained, it too was metamorphosed or oxidisM 
within the blood, limitation being made for the quantity of oxygon present. The 
quantity of uitrogcnon.s material thus metamorphosed directly in the blood and thrown 
off as urea, was dc.signated by Bidder and Schmidt the “ Luxus-consumption.” It is 
naturally very high with a diet of pure flesh, a largo amount of albumin requiring 
to be split up in order l.o supply the nece.ssary quantity of carbonic acid. It is 
reduced by the addition of hydrocarbons or carbohydrates to the food, and hence is 
iqore marked in carnivora than in horbivora. 

This view of Bidder and Schmidt’s is moreover supported by the fact, agreed tlilf % 
nearly all observers, that the amount of urea in the urine increases very considep-! 
ably within a few hours after taking food. It is thought highly improbable that in «o 
short a space of time the food should have actually been transformed into tispuft 
According to Dr. E. Sm i tli, however, this post-cibum rise of urea is»not so inark^^ii|. 
other observers have taught, especially when the hourly variations in the 
urea which occur during hunger arc taken into consideration. Besides which it, ihust 
be remembered that we do not at all know either how rapid the changes in liVing 
may be, or, as was observed above, how far the anatomical elements, the forme® 
portions of the tissues, for in them lies the difficulty, take part in those changes. . - ^ 

Another argument for the luxus-consuinption is drawn from the experiments <3^ 1% 
Haipmond, who found, with a purely albuminous diet, great increase of 
great loss of strength. But to this it may be answered that the exact relation befewi 
nitrogenous metamqiphosis and the production of vital force is not yet ftilly estahjimfe; 
that it is quite possible that excessive metamorphosis of evenifihusculajr’tissuo 
take place, and yet the force so liberated not take the form of sqiiscular 
moreover, that urea need not necessarily be assumed to arise from muscular 
but might be supplied from all the formed tissues which we ; have classed 
tmder the head of flesh. The phenomena of the disease called Diabetes, 
several important lessons on this point Thus Binger (M^^Dhir. Tri|]^j^ffiR 
having ohyrved in that, malady, duringdiunger as well as § 
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coiiHtaiit ratio between the amount' of sugM and of urea present ih the urine, naturally 
lifers the existence of a common source for both ; and finding reasons for believing 
lint the sugar, at least in some forma of diabetes, comes, not from the tissues generally, 
)ut from the liver in particular, argues that the urea comes fi'iom the same organ too, 
loth perhaps arising from a splitting up of protein substance. Haughton also sup- 
)orts the same view. But the theory of a luxus-consumption requires that the urea 
iliould not come from a metamorphosis of the liver, but of the blood, or rather of the 
ilrt.stema, as it passes through the liver. And these two things have not been held 
mlfiriciitiy distinct. The basis of Bidder and Schmidt’s views was' the constant ratio 
>f urea to body-weight which was maintained during the whole of the starvation- 
^xpi'iMuiont. The truthfulness of the result has, however, been impugned by the obser- 
riitions of Bi sell of ard Voit. They submitted a dog to a hiingcr-experiinent on five 
lijlcrcnt occasions ; — 1. After a very rich meat diet. — 2. After a meat-diet decreasing 
irailuidly in amount, the last, day’s diet being 178 grms. meat.— 3. After a very rich 
iiet.of 1,800 grins, meat and 250 grms. fat daily for 7 days. — 4. After several days of a 
lift of 17<5 grins, moat and from 50-250 fiit daily. — 5. After being fed for several days 
jritli meat decreasing from 700 grms. to 150 grms. daily, and a variable quantity of fat, 
nid for the last two days on about 350 grms. fat only. The following table shows the 
iniount of nrca excreted per kilogramme per diem, for each day. The duration of each 
experiment varied considerably. 



No. 1. 

No. 2. 

No. 3. 

No. 4. 

No. 5. 

First day 

. *72 grm. 

*52 grm. 

'92 grm. 

*34 grm. 

•14 grm. 

Second day . 

. *77 

•52 

•55 „ 



Third day 

• *70 „ 

•49 „ 

•42 „ 



Fourth day , 

. -64 „ 


•38 „ 



Fifth day 

• *42 „ 


•33 „ 



Sixth (lay 

. *49 „ 


•33 „ 



Seventh day . 



•32 „ 



pxerep’on of urea per kilogramme per 

diem for 

tho last two days of 

the diet in 

ca.se was — 






Last day but ouo • 

. 3*94 grm.9. 

•81 grm. 

3'18 grms. 

*74 gnu. 

•36 grm. 

Last day 

. 3-99 „ 

*78 „ 

3-22 „ 

•56 ,. 

•38 


From these figures it is clear that there was in the case of this dog no constant 
ratio of urea to body-weight at all. It is true that in none of the experiments was 
the period of inanition so prolonged as in Bidder and Schmidt’s experiment, and 
lluTffore the possiblo effect of food still contained in the body not so thoroughly 
cliniiniited. But in the cdt the constant ratio was reached on the second or at furthest 
the third day, and in the dog the amount of urea passed during the two days preceding 
inunitiun, shows that in no case could the urea of the second or even first day of 
hunger be supposed to have arisen to any great extent, directly from the food of tho 
pivvious days. Bidder and Schmidt believed the typical amount of urea piassed during 
starvation, bespeaking the t3^pical amount of nitrogeneous tissue undergoing metamor- 
phosis, to be determined by the typical amount of vital force necessary for the susten- 
aiico of life. The immense difference between *92 and *14 occurring in the same 
animal with surrounding circumstances nearly the same, and therefore most pro- 
bably with the same demand for the exercise of the' forces of life, shows very clearly, 
that the amount of metamorphosis ought not bo considered as depending solely on the 
cull for tho manifipstation of vital energy. But if so, the idea of the typical amount of 
Brea must be thrown on one side, and consequently the theory of the luxus-consumption 
aeprived of its base. On the other hand, if we reflect that in series Nos. 1 and 3 the 
dug had lived for some time on a diet afterwards determined to be veiy effectual 
towards the storing up of nitrogenous material, in No. 2 on a diet less effectual for that 
purpose, in Nos. 4 and 5 on one still less so, and that therefore the amount of nitrogen- 
ous material or fitsh in the body of the animal at the commencement of each hunger 
experiment might be placed in a lessening series in the order No. 3, No. 1, No. 2, No. 4, 
H results obtained by Bischof and Voit might fitirly be interpreted as mejaning 

that the amount of urea excreted per diem depends directly on the amount of nitrogen-* 
ous material stored up in the animal as flesh. The contradiction between the two i|^ts of 
o (Nervations, between tfle facts of Bidder and Schmidt’s cat, , and those of Bischof and 
oit s dog, requires .explaiiatiou ; but unless there are serious errors in the actual deU?rr 
mations of the latter, it is difficult to escape from the conclusion that all the uitip* 
^nous material taken in as food d<^es become part and parcel of tho body, is really 
limV into flesh (using that Vord in the general sense defined above, and not 
iting It as B^lschof and Voit do^ ^ muscular tissue) before it undeigoes 

^ therprinripal laws of nutritioHik that the 

ouut of metamorlh&gb of yfliBsh^ taking plane in the body at a given depends 
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ditectly upon, in other words is a function of, the amount of flesh therein present. Tlie 
validity of this conclusion is assumed in all Bischof and Voit’s subsequent investita. 
tions, and thus forms the basis of their other results, which are as follows. It 
bo remembered that these observers have left room for errors by not detormininj, 
directly the carbon of the egesta. Their practice of always reckoning the nitrogmiuus 
material of the body as wet muscle only loads also in all probability to aclditionsil 
inaccuracies, and throughout the whole of their researches an element of uncertalntv 
is introduced through variations in the nutritive power of the animal, both as pepird., 
character and amount, caused by the diet itself, and well seen when a change is 
from one kind of food to another. Thus with the same rations, viz. 1,800 grms. meat 
the dog on one occasion, after living ‘for the previous forty days on bread, gained iil 
bodily weight at the rate of less than 1 grm. per kil. per diern ; at another time, aftvp 
three days’ hunger following an insufficient meat eliet, he gained at the rate of over 2 
grins, per kil. per diem ; on a third occasion, after a long suspension of the exppri- 
ment, during which he lived after the manner of dogs in general, he lost at the mte 
•66 grm. per kil. per diem. 

The first series of experiments were made with a diet of meat alone. The first and 
chief effect of meat taken as food, was a rise in the amount of urea, that is to say an 
increase in the metamorphosis of flesh. Supposing that at the time of giving the food, 
the dog was already ill-fed and losing in bodily wt^ight, the effect of a small qiuintitj 
of meat was such an increase in the metamorphosis, that the animal .stored nothing nji 
but continued to lose in weiglit. An increase of the meat ration similarly inoreustd 
the metamorphosis and similarly permitted the loss in weiglit. A further increasp 
acted in the same way. But this was observed, that with a succession of equal incre- 
incuts of food, the increnurnts of metamorphosis successively diVninished. Hence, h) 
continuing the increase of food, a limit was at last rtaiched, at which the increase ol 
metamorphosis ceased. The animal might then be said to be in a condition of equili- 
brium, the ingesta and ege.sta balancing each other. Such a state of things was 
established in Bisclxof and Voit’s dog only when the amount of meat consumed ns 
food was equal to about to^ of the total weight of the animal. Beyond^ that poiui 
un increase of food was stored up as increase of bodily weight. But*in a ver} 
short time after such a gain in weight, the totality of the processes of the economv 
accommodated thernselvos to the new state of thing.s, to the increased mass, and therd)} 
gave rise to an increase of metamorphosis. To supply tliis increase of motumorplioM! 
a furtlier increase of food was required, and so another equilibrium v'as establislied or 
a higher platform, so to speak, of waste. On still further addition, the same procp.^* 
wiu» gone through again, until the animal refused to eat the required quantity of food 
Loss of weight of course then occurred, with a reduction of the equilibrium to a lown 
level. 

The cause of the successive diminution in the increments of metamorphosis causdl 
by successive augments of the food, is to be .sought for in the apj»roximiitively constanl 
quantity of oxygen present in the blood for tin* purposes of oxidation. We hav« 
therefore throe things to notice. First an amount of metamorphosis proper to the flesh, 
Secondly, un increase in metamorphosis due to the presence of food. Thirdly, s 
government of the metamorphosis by the oxygen of the system. In other words, tb( 
metamorphosis is a fiiiietion of three factors — one, a constant (or approximatively such), 
the other two, variables— viz. Oxygen, Flesh, and Food, or as Bischof calls it, Plasm;! 
Blastema. The next scries of experiments was conducted with meat and fat, and with fal 
alone. It was found that the addition of fat to a meat diet affected the body in twe 
different ways. On the one hand, fiit not only did not prevent by its presence thal 
increase of metamorphosis which had previously been observed to follow upon aH 
increase in the quantity of meat consumed, but was itself a cause of increase, ittw- 
mucli as it added to the mass and internal labour of the economy. On the other haml 
apparently from its greater readiness for oxidation, it preoccupied tfee oxygen of 1k( 
system, and so sheUereil tho flesh from oxidation and metamorphosis. Hence th< 
addition of fat to' meat as food lowered tho platform at which metamorphosis wai 
arrested for want of oxygen and an equilibrium established. One third or one fotu*!^ 
only of a quantity of meat required for an equilibrium, when meat alone was-givsDi 
was needed when fat was added to it. f 

Sugar and starch were found to act very much in the same way aS Tat, except ihat 
apparently by reason of the greater facility for oxidation possessed by sugar, eqhUi* 
briom was established with even a less expetwliture' of meat than was the 
fat. A similar conclusion may he drawn from the results of the system of Hr. 
Thoexperimentsof Henneberg and Stohnjiann on oxen, conducted in a 
manner to those of Bischof and Voit^ the carbon of the egesta being calcullit^^ 
direct^ determined, are interesting as “showing that the herbivewi are suhj^SfjjD® 
same^laws of nutrition as the carnivora. Ttoe p^ervers found that in the 
metamorphosis was a function of the flesh ; .that it, was inoreasad IRth an incrcy||^ 



NUTRITION, ANIMAL. 


157 

L tein-substance in the food, the increment of the metamorphosis successively diminish- 
B ! however, with successive increase of protein food, so that at last an equilibrium was 
I ” riblished ; 'that the addition of non-nitrogenous material to the food lowered in pro- 
V) I ion to its amount the quantity of protein -substance necessary for the establish- 
P '’!nt of that equilibrium or for the storing up of bodily weight. As might be ex])ected, 
I V iniount of protein-substance necessary for an equilibrium under any circumstances 
Pv ls'fiir less than that required by the dog. 

' T\laii standing so to speak between carnivom and horbivora, hsvs been studied by 
]{ iuko with very similar results (Ejinke in many of his experiments directly doter- 
jiiiiiod the carbon of egosta in Pettenkofer’s apparatu.s). He also found that the meta- 
inorphosis was a function of the flesh of the body, that it was also a function of the food 
or Blastema, being largely increased by a meat-diet. Contrary, howevtir, to the 
oxperience touching the dog, ho was unable to reach an equilibrium when feeding on 
n'leat alone. While eating the largest amount of meat possible, viz. l,8l)0 grms., he 
fitill lost weight. lie moreover found that the addition of fat or starch to food, rendered 
I'iisy the establishment of an equilibrium. The concordance of the results of these 
difflTcnt observers speaks strongly for the probable correctness and wortli of these 
“ laws of nutrition.” 

In the above statement, metamorphosis genenilly, and metamorphosis of flesh, have 
been used indiscriminately on the ground that the latter is really the chief, central and 
determining part of the whole. It remains to determine how, when equilibrium has 
been establishiHl, and a storing up commenc(‘d, tl)c elements of flesli, fat and MUiter are 
disM-ibutt'd in the increase ; similarly also how they are related to each otlier in a 
decrease when that occurs. The conclusions arrived at when the carbon was calculated, 
instead of being observed, must of course be received with caution. 

According to Bischof and Voit, when an animal is ill-fed with meat, he loses not 
enly flcsli hut also fat from his body. With an increasing diet of meat, and acconi- 
pain ing increase of metamorphosis, the loss of fat h^sseus, and finally ceases with tho 
(•stal'lisbincnt ot equilibrium. Pettenkofor and Voit have moreover shown that 
with a ricli meat-diet, when there is a balance between the nitrogen of egesta and 
in^esta, there is most probably, judging from tho retention of carbon, a very conside- 
rable .storing up of fat. The same result was also arrived at by B i d d e r and S ch m i d t. 
It is only intelligible on the Ijypolliesis that tho metamorphosis of flesh, like Bidder 
and Schmidt’s metamorpho.sis of blastema, consists in tho splitting up of proteiu 
into a nitrogenous and a hydrocarbonous portion, Ranke, on the contrary, found that 
with tlie largest meat-diet ]JO.ssible, he still consumed fat W’hile he stored up flesh, with 
a total result of loss in weight owing probably to a giving off of water. Tlie addition 
of fat to food naturally lessened the consumption of the fat of the body, and if in sufficient 
(juaiitity, arrested it or even led to a storing up of fat. It was also found that when, 
with a giv(ai quantity of fat, the amount of meat-food was pushed beyond what was 
necessary for an equilibrium, and the flesh of the body consequently increased, with a 
pruportionate increase of metamorphosis, such an excess of nitrogenous material under- 
going metamorphosis was at last arrived at, that it preoccupied tho oxygen of the 
system to the exclusion of the fat. The fat of the body m'»vs retained and that of the food 
stored up in presence of a large unnecessary nitrogenous metainorphoslB. The same result 
was also obtained by Hen neb erg, and illustrates the uselossncss of attempting to in- 
crease the casein of milk by giving protein-food beyond a certain limit. Bischof and 
V(.iit found sugar and starch also to spare the consumption of fat, but the dog wiis 
found unable to digest such a quantity of sugar as might bo supposed sufficient to cover 
tile total waste in fat and lead to a storing up of it. Hen neb erg however found that 
this Was extremely easy in the ox, a fact which has been largely shown by the 
rasearchos of Lawes and Gilbert. These last observers indeed found tho storing up 
of fat to form so large a share of the total result of the general feeding of animals for 
the butcher, that they were led to consider butcher’s meat in its totality not as nitro- 
genous but as hydrocarbonous food. Thoir results have a peculiar value inasmuch as 
they were obtained, not by calculating back from tho excreta, but by the actual analysis 
of several typical spocimens, and by numerous determinations of weight serving as 
data for conjpari.sons. The effect of ordinary fattening food upon tho flesh, fat 
and Water of the bodies of oxen, sheep and pigs is illustrated by tlie following table : 

Gzlculaiecl composition of 100 increase whilst fattening. 


•V.. 

Average for 98 oxen ", 

Minerjil 
^ matter. 

. 1'47 

Dry nitrogenous 
compounds. 

Fat. 

66-2 

Total dry 
•ubfitanca. 
75-4 

Average for 348 sheep . ' . 

Average for 80 pigs , . 

A fat pig actually analysed , 

. 2-34» 

7*13 

70-4 

79-9 

yr. 0 06 

6‘44 

71-5 

780 

. * 63 . 

7'76 

63-1 

.7r4v,- 

* Too high^livlnf $ foreign matters in wool. 
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The relation between the amount of metamorphosis, and consequently of the storing ^ 
or increase, and the various elements of tlie food, was thus found to be as follows, ^'3 
sheep, the amount of diy nitrogenous material stored up in the body for every loopt^ 
of the same consumed as food was, on the average, 4*41; of non -nitrogenous matpriai 
that is fat^ stored up for every 100 pts. of non -nitrogenous substance consumed as W 
the quantity was 9-4, the remainder in each case being either not digested, or lostjjj 
metamorpliosis. With pigs the numbers w'ere 7‘34 and 21 2 res))CctiTC‘ly, tJie 
of the numb^^Vs boihg due in part at least to the pigs* food being more digestible. Tb 
same facts may be placed in another light. Thus with sheep, for every lOQ ptg 
the total dry niattt>r of food (mostly oil cake and clover) there were stored up -72 of dry 
nitrogenous material, 7*13 of fat, and *02 of mineral matter, 91-94 being lost in ditrt!.. 
tion or in metamorphosis. With pigs, feeding on bran, beans and meal, the numiers 
were 1*44, 15*81, *02, 82*73 respt.-ctively. It is worthy of notice that these independpDt 
observations may be interpreted as agreeing very closely with tlie general rpsultj 
described above, namely that increase of nitrogen mean.s increa.se of metainorphosj^ 
and that an amount of nitrogen in fattening food beyond a certain limit does not 
end in storing up of flesh, but in an augmentation of riitrogenou.s metarnorphosii-i with 
lessened waste of fat. That fat was actually formed in the body is clearly shown by 
the faet, that for 100 pts. of fat as such consumed in food, from 405-472 pts. of fat 
were stored up as increase. No marked difterence was ob.servable between sugar and 
starch a.s fat-storing con.stitucnts of food. 

lii.schof and experimenting w'ith gelatin, found that a large addition of tlnu 

substance to a meat-diet led to a storing up of flesh but a waste of fat, when tb 
quantity of meat consumed with the gelaitin was such that either with it alone or with 
fat besides there was no storing up of flesh. It was hence inferred that gelatin really 
does to a certain extent take parr in the metamorphosis of flr.sh, and does not simply 
shelter the flesh by preoccupying the oxygen after the manner of fat. So large an amount 
of gelatin, however, was necessary for this purpose as to explain why animals fed ou 
gelatin alone could not thrive. 

Our knowledge of the history of each alimentary principle, as it ptisses through and 
among the mptarnorplio.ses sketched above, is neees.surily very imperfect, and will 1 j( 
more fitly put in the way of question than of statement. What, for instance, i.s the history 
of sugar? Is it absorbed into the blood and at once, if required, oxidised? Iftlit 
surplus is stored up as fat, how does it become fat? I.s the fat wdiich is stored up bv 
reason of tlie prc.senoe of the surplus, really and truly that same sugar exchanged irifc 
fat, or did the sugar step into a metamorphosis, and by a sacrifice of itself turn offii; 
fat certain elements which would otherwise have followed another path? Question.' 
such as these pertaining to each alimentary principle spring up in abundance, bul 
their solution beloug.s rather to physiology in general than to nutrition in partieuliip 
We may mention a few experiments only whicli seem to suggest that the complexity 0 
the changes taking place in the economy is rather under than overrated in our presen' 
accepted doctrines. 

It is well known from the experiments ofKegnaiilt and E e i s e t that the proportioi 
of oxygen fixed in respiration which reappears w'ith the carbonic acid of the egcsti 
varie.s accoixliiig to the food, being greater with the carbo-hydrates than with th( 
liydrocarbons. Pettenkofer and V o i t observed, however, that in their dog, whei 
fed on flesh with sugar or starch, the amount of oxygon in the carbonic acid considerabl; 
(127 to 100) exceeded the total amount of oxygen fixed in respiration. This was coin 
cidentwith the appearance of free hydrogen and marsh-ga.s in tlie respiration chamber 
Guidfed by the investigation of Planer on intestinal gases, they came to the conclusioi 
that the starch and sugar suffer within the alimentary canal a sort of fermentativi 
decomposition, by which, as in vinous fermentation, a quantity of carbonic acid ia give! 
off, in the production of which the oxygen of the atmosphere has had no part. TW 
observation shows strongly that the amount of carbonic acid in the egesta is no tru 
measure of the oxidation of the body, and therefore of the generation of force, as ha 
generally been supposed to be the cast?. 

It is curious that Grouvon, working through the devious and dangerous path c 
elaborate analyses and still more elaborato calculations, should have come to a te*; 
similar conclusion with regard to the fate of the carbohydrates consumed as 
oxen. He attempted to estimate the “nutritive value " of various alim^tary principj®* 
starch, sugar, gum, &c., &c., by mixing known quantities of them with a fixed 
of straw, and then, having calculated the changes that had taken place during a gitf' 
time in the body of the animal, gain or loss of fiesh, fat and water, compared the 
with the previously determined effect of the straw-ration. He found that his faidtfi 
became intelligible on the hypothesis that within the alimentaiy can^ 
hydrates weitr split up into two sets of bodies, one rich, the other poor, ^^p:^g^lt^ 
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1 p were thrown off unused, while the latter were absorbed and probably were 

' verted into fot. He goes even so far as to deduce from his elementary calculations 
h ' formiil® of the change. Thus starch gave rise to glycerin, butyric, and lactic acids, 
•Moll wore assimilated, and carbonic acid and mai*sh-gas, which were at once excreted. 
These results are perhaps of more value as provocative of future researches thttn as being 
Ijv themselves trustworthy fiicts but at least they point to possibilities, both of diges- 
tion and nutrition, not as yet fully recognised. 

The results des(iribed above as laws of nutrition refer to what hav^ been called 
force-generators. The laws belonging to the force-regulators are so complex, so little 
understood at present, and consoftuently so much debated, that it is thought better to 
omit the consideration of them altogether. 

Some substances, such as alcohol, can jierhaps hardly be regarded as of settled position 
whether among the generators or regulators ; others, tea, coffee, salt, &e., have likewise 
keen the subjects of much research and debate. (See Smith, Voit, &c., &c.) 

B. Dynamics. 

While the statical part of the subject is of course of most interest in reference to the 
nutrition of animals destined to be slaughtered for food, the dynamical partis of most 
iaiporUince wlien the nutrition of man is considered. What kind of food is best adapted 
for the development of muscular, what for nervous force? are the most fundamental 
problems of physiol Previous to entering into detail, however, an inquiry should 
be mailo (if for nothing (dse, at least for the sake of justifying the assumption of tho 
applicability of the conservation of forces to the living frame) between the total income 
and total expenditure of force. This will he most conveniently done by reducing both 
to units of heat. The determination of the total amount of force expended witliiri 
a given time by an animal body is a comparatively easy task. For, diverse as are the 
various manifestations of fonre within the economy, they are all reduced, before they 
leave the body as exp('iided force, into two modes only, namely heat and mechanical 
(‘fleet, the quantity hiaving th(^ body as electricity being probably exceedingly small. 
'I'll us all the various forces which we class together under the name of nervous force 
resolve themselves, after all their multitudinous wanderings and transformations, into 
boat, exiK'pttlie minute fract ion which may be supposed to be carried on into muscular 
action, and so to find its exit as mechanical effort. Muscular action too loses itself 
]):irtly as meehanieal effect, but to a much greater amount probably as heat. All 
secretive or nutritive action again goes out as heat. Heat and mechanicid movement 
aro iu fact the only true effictus of the animal body. Whatever does not go out in the one 
form, issues in the other. Two animals, living on the same food, and suVject to the 
same m(?lamorp}iosis, will rise to the same amount of actual energy, and yet in the one 
a large amount of that em^rgy may assume the form of mechanical effect, while in the 
other, no muscular exertion tieingmade, it nearly all goes out as mere heat, wliich, being 
dissip;it(!d as soon as gen(Tat(*d, causes no alteration in the aniinars temperature. 
Hence if wo (estimate the total mechanical effect of any animal during a given timt^, and 
tlie total amount of Jicat given off at the same time, we shall obtain the total amount 
(>f expemded force. This may readily be done by placing an animal in a calorimeter, 
with a t ri’ad-whi nl for determining the mechanical effect. By reducing the mechanical 
effect to units of heat, and adding them to the number of units of heat denoted by the 
c.ibjrmicter, wc arrive at the total expended force estimated in units of heat. A 
calorimeter is doubtless not a proper home for an animal, and therefore probably the 
result of the experiment will not give accurately the normal expenditure of the natural 
iinimal, seeing how sensitive and responsive in all its parts is the animal economy to 
variations of temperature. Yet it cannot be far from the truth. 

The estimation of the total force of the income is a much more difficult task. The 
units of h(!at given off by the combustion of each article of food have to be determined, 
and from their sura total has to be deducted the number of units of heat still obtainable 
from the incompletely oxidised portion of the ex(?rcta belonging properly to the food 
in question. Unfortunately this at present has not been accomplished. It has 
gcutrally been deemed sufficient to calculate the latent energy of any alimentary 
Kubstance from the units of heat given off by the combustion in an uncombined state, 
ut its carbon and free hydrogen. This however (see Heat) leads to a result which we 
inay sahdy assume as being incorrect, without knowing how far it errs from the truth. 
Hence the failure of Dulong and Despre^z to obtain a balauce between the actual 
ueut given offbv an animal during a given time, and the amount calculat-ed as due to 
tue quantity of W-bon and hydrogen presumed to have been actually oxidised in the 
systeni during that time, cannot be reg^ed as any argument against the possibility of 
®oUimng suehja balance with great exactitude if more correct methods w«Sre employed. 

#-■ it 
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Using, howeror, such impeffect means in the absence of better ones, Helmhoit 
calculates that a man of 82 kilogrms. weight expends in 24 hours 2,700,000 
heat, of whicli 2 -6 per cent, goes to warming the food and drink, 2*6 per cent, to warmiu 
the air of respiration, 14*7 per cent, is lost in the evaporation of water through th' 
lungs, the roniainder 77'5 per cent, being distributed over loss by urine and ffeoes, eva 
po ration from skin, radiation and conduction from si^rface, and mechanical effect. ’ 

Lu d vig calculates the mechanical effect of a good day's work to bo equivalent on] 
to 220,030 units of heat. 

•Still more difficult is the task of tracing backwards to the food or onwards to th, 
excreta, any of the special kinds of fore<‘s at work within the economy. To takefo 
in-stanco muscular force, as one of the simplest, it may be asked, which oltmeuts o 
food contribute' solely or chiefly to its production, and which of the elements of th 
egesta may bo taken as the index of its occnrrenco. The Rev. S. Haughton (Dullii 
Quarterly Mcidical Journal, 18*59, 1860), taking it for granted that th(? nitrogen of th 
urine and f{ece.s represented the whole muscular or mechanical, nervous or mental 
and nutritive or vital, work of the economy, while the remaining excreta answered t( 
what ho calls the oitns cahrificmn, made the following investigation. Having drtcr 
mined the daily excretion ptr anum et vvmcam of nitrogen reckoned as urea in a Ncrie; 
of men of different- bodily weights, performing different nudianical work, uudergoiii| 
different mental laljour, lu' was enabled to construct a series of equations, which hi 
solved for certain values which it was desired to know. Ho thus calculatod that 30( 
grains of urea represent the dail^) nutritive work of a man w<*ighing 150 lbs. ; thatl.36d 
grains, of urea rt'preseiit tlie muscular force required to lift 150 ll)s. through one riiihi 
n hard day’s work ; that 222 grains, of urea riipresent the daily mental exertion of ; 
man of .business. It need hardly bo said, however, that the assumptions on whiel 
these caleulation.M are based, are ojxm to grave objections. 

In dealing witli the stat ics of this subject the word flesh was used to denote thetota 
protein-suUstance of the body. And it wjis only in this wide sense of the word thji 
urea was <*onsidered ns the result of the metamorphosis of flesh, 1 1 is true that Bischof aiu 
Voit use the same word flesh as synoinymous with muscle, but sueli an assumption resti 
on no basis of facts. Although the nervous system in Bidder and Schmidt and Chossat’i 
exp(?riraents seemed to sutler but little wa.ste in inanition, cannot for tliat rcaKoi 
conclude that during life it suffers little raetamorplio.sis. On tlie contrary, it isimpos 
sible, with the general views by which w'e are judging the whole subject, to tbini 
otherwise than that where there i.s apparently so much production of force, there shoub 
also be much change. And as far as tho clninges in the nervous tissue sirnplicate tb 
protein substances therein contained, they must be considered as giving rise to urea 
In the liver again, in the glands, and in all tho other organs whicli wo may call th 
nutritive organs, we must also (in addition to the changes supposed according toonetheor 
to occur in the digested food as it passes through or conics in connection with thosi 
organs in the blood current) suppose considerable, it might almost be said, excc’ssiv 
metamorpliosis to take place, which, in so flir a.s it is nitrogenous, will also produce urea 
Hence the total amount of urea cannot bo taken as an index of the metamorphosis o 
muscular tissue only. Nor can wo fairly assume that oven a large part of it is to be & 
regarded. It may be urged that muscular tis.sue forms a large {lart of the total protein 
substance of the body, that we have every reason to believe that it suffers great am 
rapid changes. But, wo po.ssoss no exact information as to how largo a share in it 
metamorphosis is taken by its nitrogenous constituents alone, and on tho other hand w 
are similarly ignorant of the intensity of nitrogenous transformations in the other organ 
of the body. It is true that in muscular tissue we find creatine and creatinine, am 
there is Some reason for believing that they (one or botli) are increased during muscula 
contraction when metamorphosis is presumed to bo increased; but tho physiologica 
connection between creatiiiiuo or creatine and urea has not yet boon fully traced. 0: 
tho contrary, there are not wanting facts indicating tho closest bonds between urea an' 
the liver. So marked indeed are they that tho action of the liver has boon called > 
to assist the theory of the luxu.s>consumption, on the idea that the changes takin, 
place there belong, not exactly, to the liver itself, but to the blood in the liver. On thetfi 
points; however, our information is exceedingly imperfect. 

Physiologists perhaps err in being apt to regard the processes of the animal body a 
too simple, too straightforward. May not urea and carbonic acid be, not tho result ( 
a splitting up and facile oxidation, but the ends of a long series ,of,^jgfrhap8 
ward and forward changes, so that the point or place where each is iBst detected i 
not necessarily tho place w’here the most important act of metamorphosis takes 

If it is difficult to connect urea in any special manner witliithe metamorphosis of in^ 
cular tissue, it is still more difficult to connect it with the exhibition of muscular 
If uraji were tho most important product of muscular metamoiphosis and muscu]nl? ii|®* 
tamorphosis the most important source of urea, then since, during musculat C!^htrac!|^ 
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tlio metainorphosis of muscular substance is presumed, on apparently satisfactory grounds, 
to be largely increased, the amount of urea also ought to be largely increased by muscu- 
lar exertion. It is true that under this view there will always be in the urine a 
tolerably large constant quantity of urea due to tlie amount of muscular exertion em- 
ployed in visceral movements, which varies only within comparatirely naiTow limits. 
IJutsuch an amount must be fully overpowered by an c^xcess of urea due to violent and 
long continued exercise. Observations (Smith, Voit, Speck, Lehmann) on the effect 
of muscular exertion on the excretion of urea are not unanimous. Yet, even when allow- 
aiico is made for retention, that is for decrease of elimination as compared with decrease 
of formation, the conclusion may fiirly be drawn that oxorciHe even carried to exhaus- 
tion produces an increase of urea too small to be regarded in anyway as an equivalent 
of the expended muscular force. At the same time observers are equally agi’ecd that 
muscular exertion docs produce a very large increase in the carbonic! acid of the egesta. 
So clearly did this come out in tho experiments of Dr. E. Smith, that that gentleman 
believes himself justified in recommending an addition of carbon to the food when bodily 
exertion is called for. It hfis been urged that Voit and others, by simply estimating 
the urea (with uric acid, &c.) in their experiments, have left open the ])Ossibilily of other 
nitrogenous bodies being present in large quantities on such occasions, and on such 
occasions only in the urine. But these hypothetical bodies liave never been detected, 
and the possibility of their existence does not negative tho fact of the increase in the 
CMi-bonie acid. It must bo rometnbered hoM'evorthat tliero isintlto living muscle, cvcui 
when perfectly at rest, un active metamorphosis still going on, resulting in part as elec- 
tricity, but finally as Iieat. Perhaps even during the very act of contraction (as 
distinguislu'd from tlie conditions vumrdiutcly preceding and following) there is not so 
iiuicli an increase of metamorphosis as a change in thedireetion or form into wdiich tho 
energy set free by the metamorphosis is converted. If so the earbonic acid would he 
only indirectly, and tlic urea not at all, an index of the amount of exiiended force, while 
tile total metamorphosis of the muscular system M^ould measure possibilities of action 
ratlier than actiiul aebievements. When wo reflect that the animal body considered as 
u working machine is characterised by being subject to sudden calls for act, ion from 
every quartei*, it will lie easily understood that the best state of prt'paration for emergen- 
cies is not one in which there is a mere store of latent energy, but one in which force is 
continually being liberated and therefore ready at a moment’s notice to be turned in 
any particular direct ion, converted into any particular form. This of course implies 
tliat for every mechanical effect, a large amount of force is spent in a non-mechanical 
manner, and therefore apparently lost. But so abundant are the resources of the 
i coiiumy for the using up of this wasted force, that according to 11 e 1 m h o 1 1 z, while tho 
best steam-engine loses niiie-teiithH of the total power of its fiud, tho human body is 
able to convert into meehanical effect one-fifth of the total power of its food. 

Urc'a then cannot bo taken safely as a measure of mechanical work done by the 
body; with still bss safety perhaps can it be taken as a measure of the mental 
work. And as it is impossible at present to trace the various memberB of the 
egfista back to the various forms of vital force, so it is impossible to trace the latter 
iMck to the various constituents of food. If one general view of tho whole vital 
pioeess<'s can bo regarded as more likely than another, it is perhaps the idea that the 
1-nih; force of the economy, so to speak, is represented by tho carbon (and hydrogen) of 
jn food, while the nitrogen is more closely concerned with internal changes by which 
thiit Ignite force is converted into the many varieties of vital energy. 

Playfair argues that only the nitrogenous alimentary principles are concerned in 
t ic production of muscular (and mental?) force, and gives calculations showing that 
tlio lalcnt energy of such an amount of albumin as is usually consumed by active 
labourers is sufticient to account for the actual force, both of tho internal muscular 
movements and of the external “ useful work’* of an ordinary man. But Carpenter 
b:i.sni:ide calculations which lead to an exactly opposite conclusion ; and II aught on’s 
equations, as far as they can be tinisted, tend to support the view that the force of 
rmiseuhir action is derived, in part at least, froi?a tho hydro-carbons or carbo-hydrates 
C't loud. 8o long as the present uncertainty about the latent energy of complex 
^utjstances continues, arid so long as the evolution of heat is not observed at the same 
ime that the development of mechanical force is estimated, all questions of “dynamics’* 
iMust remain obscure. . 

The followhigjr wdrks and memoirs may be consulted ; 

Statique chimique des Aninmux, 1860. 

J elder uud Schmidt, Die Verdauungsafto und der Stoffwechsel, 1862. 
tlicir CritP^ Voit, Die Gesetze der Emahrung des Fleischiressers, 1860, and 

VoL*^fv Unterauchungen, 1869* 
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Carpenter, W., On the Mutual Relations of the Physical and Vital Forces, 
Trans. 1850, and Quarterly Journal of Science, 1864. 

G roil von, Fiittorunf^-Versuche, 1864- 

Ham mo nd, Research OS on Food, 1857. 

Itildesheim, Die Normal Diiit, 1856. 

Honneberg nnd Stohmann, Fiitteruiig der Wiedorkauer, 1860. 

Lawes and Gilbert, Composition of Animals slaughtered for Human Food 
Phil. Trans. 1860, and numerous papers in the Journal of the Royal Ayriculturi 
Socirty. 

Mol esc ho tt, Physiologie der Nahningsmittel, 1850 ; also Kreislauf dea Lebens. 

Pay on, Des Substances Alimcntaires, 4th. ed. 1865. 

Parkes, Urine, 1860. 

Pettenkofer u. Vo it. Respiration. AnnaUn der Chemie und Pkarmade, 
Siippl. ii. 

Playfair, The Food of Man in relation to his Useful Work, 1865. 

Ranke, J., Kohlenstofl:' und StickstolF-Ausschcidung der ruhenden Menschen. 
Arch.f. Anat. u. Phijs. 1862. 

Savory, Uses of Food, Phil. Trans. 1862. 

Smith, E., Respiration, Phil. Trans. 1859; Urea, Phil. Trans. 1861. On the 
Food of the Labouring Classes. Sixth Report of Medical OJJicer of Privy Council, 
1864 ; and other papers in Rrit Assoc. Reports and elsewhere. 

Voit, Physiologiseh-chemische Untersucli ungen, 1857. 

Uoher den EinHuss de.s Kocbsalzes, des Kaffees und der Muskel-bevregiing auf den 
Stoffweeh sel, 1860. Ueber den StickstofF-Kreisluuf im thieriaclien Organismns, yf/zn. 
Ch. Phar7n. 1863, Snppl. ii. 

M.i7 

IVirTRZTZOSr op PZiiLlirTS. — The Nutrition of Plants, like that of Animals, may 
be studied in aecordanee with the doctrine of the Conservation of Force, in refereneeto 
the mutual relations of income, capital, and expenditure. At the first glance, howev(^r, 
a remarkable difference may ho observed between the t wo kingdoms. In the cast? of 
animals, the income consists almost entirely of force associated with material a.s latout 
energy ; in the case of plants, the income is composed to a preponderating extent of 
actual energy in the form of force derived directly from the sun, and of materi.il 
associated with as small an amount as posible of latent energy. With animals them 
is such a large constant expenditure of force in the shape of actual energy, such a largo 
concomit ant waste of effete material that even in the case of those aniinnls which aro 


purposely fed wit h a view to increase of capital, that j>art of the income w4)icli is stored up 
from time to time ns increase of material and latent energy, b»'ars an exceedingly small 
proportion to that part which goes to swell the expenditure; wuth plant.s the amount 
both of fipce and material continually expended is so slight that by far the. greatr-r 
part of each accession of income is retained as increase of capital. Wit h m»jst animals 
the value of tlie capital depends almost entirely on the amount of actual energy it is 
able to supply when occa.sion demands ; with nearly all plants the value of the capital 
is expres.sed almost exactly by the amount of latent energy its material represeuts. 
Animals are machines for the conver.sion of latent energy into various modes of actual 
force ; plants are machines for converting the one actual forces of the sun into various 
collections of latent enei^y. We may, using the while very general terms, speak of » 
circulation of force and material through the world. Light (heat), carbonic add, water, 
and ammonia, enter into the vegetable kingdom, nnd reappear as protein ; carbo- 
hydrates and oxygen enter the animal kingdom, and reappear as heat and mechanical 
effect on the one hand, and as carbonic acid, water, and ammonia (urea) on the other. 
In the third or inorganic kingdom, the carbonic acid, ammonia, heat, and mechanical 
effect are driven from their place of birth by distributive forces and scattered Over the 
globe. Thence in turn the vegetable kingdom draws in part its income. 

Such a distinction between the animal and vegetable world, though satisfactory m ^ 
broad generalisation, must not however be taken as strictly true. The one kind of Ilf» 
is not exactly the inverse of the other. On the contrary, in order to include all Vital 
phenomena, we must imagine each to consist of two processes ; the one destructive ajf* 
resulting in the liberation of actual force, the other constructive and leading to w* 
accumulation of latent energy. In the one life, one process is predominant; lii”® 
other, the other. Thus animals, while for the most part they absorb latent ener^ ^ 
the form of food and expend it chiefly as actual force, are yet at the same time 
during the whole of their lives, in increasing and concentrating, so to speak, 
ticular applications of a portion of their total force, the amount of latent enel•gy Q|il^^ 
of the materials of their food through the process called assimilation. During 
stages oftheir existence, while theyaregrowing, they do this to a very marked degj?&^ .j 
at some periods (incubation) they receive, and convert into temporary latent ’ 4 
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quantity of actual force in the shape of heat^ So plants, though their chief function is to 

inploy solar energy in decomposiug carbonic acid and water with liberation of oxygen, 
thus to construct elaborate compounds of ijarbon, hydrogen, nili ogen, and oxygen, 
as scats of latent energy, nevertheless from time to time consume those very compounds, 
aksorbirig oxygen, forming c.arbonic acid and giving off actual force in the shape of 
hciit. For inst ance, during geraiihation, flowering and fruiting, there is always oxidation 
going on, and even a considerable amount of heat throwm out; and during the whole life 
of a plant, those parts which are not green are always occupied in forming and exhaling 
carbonic acid, and those which are green behave in the same way when light is absent, 
so that the total amount of oxidation going on in a plant is very considerable. The 
income of plants consists partly of force, partly of material. Force is supplied almost 
onLirely in the form of solar energy. Part of the energy so received may be considered 
as acting simply as lieat, since, for tlie organic processes of vegetable as of animal life, 
a certain temperature is necessary. In the majority of animals, however, an iidemal 
source of heat renders the thermal influence of the sun of subordinate import:inc(?. 
Plants, on t he otlier hand, are more directly dependent on solar warmth, their own calorie 
prodiK^tiou being, as a wliole, very limited. But by far the most important fund ion of 
tlie solar energy received by plants is that peculiar one whereby sun-light, acting on 
the green or chloropliyll-coutaining organs, deoxidises carbonic acid and water, and 
tluis enters ns lat(mt energy into the various vegetable organic compounds. As by the 
union of carbon ainl hydrogen with oxygen to form carbonic acid and water, a certain 
amount of actual energy is set free, so in the reverse proce.s.s a com-sponding amount 
of energy hoconies latent. Tlie latent energy pos.sessed by vegetable products and ex- 
hibited tliroiigh eitlnu* coinbu.stion or alimentation is simply energy derived from the 
suu and appropriately converted during the life of the plant. 

Tin? materials of the income of a plant are derived partly from the soil, parti}' from 
the atino.splicn?. 

Those bodi(!.s winch arc drawn from (lie soil are said to bo absorbed by the roots. 
Into a mass of soil, t he roots of a plant spread during its growth in various directions, and 
extract therefrom certain constituents by virtue of processes as yet not fully understood. 
Thi.s absorption ha.s a “selective” character. One plant will ab.sorb certain constitiuuits 
in given proportions; another, the same constituents in different proportions or different 
constituents. iSo, out of a given mixture, a plant will liy no means absorb to the 
Jiirgj’st extent tho.se substances which are present in greatest abundance. Marine 
plfints growing in a fluid containing a groat excess of sodium, themselves contain a great 
excess of potash. Lund plants contain but little aluminium, though that body exists 
in large quantities in most soils. Aquatic plants, whose soil is a fluid, of course absorb 
tlicir soil-derived constituents from solutions. Land plants may also be made to do 
the same thing. Thus St ohm ami (Ann. Ch. Pharm. exxi, s. 285) grew maize-plants 
in pure saline solutions. It may fairly be ptesume.d that all the bodies absorbed by 
the roots are in some way or other dissolved before they actually pass into the plant, 
licnee substances in order to be of any nutritive value must be capable of solution. But 
if docs not follow that they must necessarily exist in a state of acpieous solution in the 
soil itS(*lf before tliey can bo absorbed. On the contrary, ordinary soil seems to have 
a peculi;ir power of withdrawing saline materials from their aqueous solutions, and of 
rctiiiiiing tlieiii in some peculiar physical combination with itself. And the experiments 
of Nagel i and Zdl ler on the growth of beans in powdered turf saturated to a variable 
extent with saline matters, seem to show that saline nutritive elements are absorbed 
not directly from aqueous solutions percolating the earth, but indirectly through the 
agency of the soil. 

Of tlie Hub.stancos thus absorbed by the roots the so-called “mineral” matters form a 
large proiiortion.- The most important and wide spread are potash, soda, lime, mag- 
ni^^sin, mid iron, with phosphoric, sulphuric, hydrochloric, and silicic acids. Less universal 
but still common are iodine, alumina, manganese. More rare, and probably in many 
cas(‘s accidental, are bromine, boron, copper, silver, zinc, learl, tin, cobalt, nickel, 
strontium, barium. To these may be added lithium, and some of the newly discovered 
inHals. Water is of course absorbed from the soff. 

^otric acid and ammonia are also absorbed from the soil. These may have arisen 
from the decomposition of .oiganic matters present in the soil as natural or artiflcial 
manures, or may have been brought down from the atmosphere by rain. It has been 
suggested ( Vo Ik e r, C lo ez) that nitric acid is the particular s^ape in which nita-ogenoua 
juatenal is absorbed by plants, all other nitrogenous substances (including ammonia) 
icing reduced to that form, previous to absorption. There appears to be no evidence 
organic nitrogeu-compounds are absorbed as such except it be in the case of fungi 
certain para-sites. 

^"^**^01110 acid may be taken up from the soil. Lastly, there are in all soils repre- 
entatives of th»i class of bodies known under the collective name of humus. It is 

X 2 



164 


NUTRITION OF. PLANTS. 


pnnerally thought that biimus is not absorbed as such, but acts beneficially in a sort of 
preparatory manner on soils, by means of the ac-iils arising from its decomposition 
llistcr however maintains that humus is absorbed and assimilated by plants. 

The kind of material derived from the iiir is not the same under all circumstances 
Under tlie action of light the green parts of the plants absorb cm^bonic acid ; in dart! 
ness tliey cease to do so, taking up oxygen iiisttuid. Those parts which arc not grceti 
absorb oxygen under all circumstances. That this absorption of oxygen is an aert 
necessary to life is shown by the fact that plants kept in darkness (and therefore unable 
themselves to give out oxygen) in an atmosphere void of oxygen, perish. 

It has been much debated whether plants absorb in any way nitrogen directly from the 
atmosphere. There appears to be no exact knowledge as to the power of plants to 
absorb combined nitrogen (ammonia, &c.) directly from the atmosphere, as dislinguishod 
from that obtained from the same source througli the intermediate agency of the soil 
As regards free nitrogen, Iloussingault (Aniialesde Chim. et Phys. 1855, &;c.) coi^ 
eluded from his experiments that there was no absorption. Vi 1 1 e and others maintain 
the contrary. Lawes and Gilbert (Phil. Trans. 1861; Olu.m. Soc. J. xvi. mo) 
support the views of Poussingault. The last-mentioned observers novertheless stato 
that the quantity of nitrogen brought down to the soil from the atmo.spher(* by the 
annual rain will only account for a fraction of the nitrogen carrietl off l)y the aiinnal 
crops, and infer tliat in tl\o absence of nitrogenous manures there would seem to be 
801110 other as yet unnoticed source of iiitrogeu. Liebig {Natural Lav)S of Hushandry^ 
cd. Plyth, 292) however maintains that the atinosplieric nitric acid and aminonia iiro 
sufficient for ordinary vegetable purposes, and even that (through cultivation) an 
accuimilation of iiitrogiui in the soil has taken place. The observation of Sclionboin 
that nitrite of ammonia is produced during oxidation taking place in the atmospbere, 
has suggested a source of atuindant supplies of nitrogenous food for plants. 

The capital of a plant (ionsists t)f the so-called vegi'tablo products. The chief of 
tlieso are protein-matters, cellulose, starcli, dextrin, sugar, gum, pectin, chloroph}’!!, 
organic acids, bitty, waxy, resinous bodies, tannin, &c., &(?. All these are so many 
collections of latent enegy, and available for food or fuel. Tiny are nearly all of tliem 
present in every plant, and constitute the main part of the cafiital properly so under- 
sf(.)od. IJosides tlie.se liodii's, however, there arc innumerable otlior compounds, of more 
or less frequent occurrence, possessing a greater or smaller amount of latent energy, 
some of them perhaps part icular stages tlirough wliich the material of the plant passes 
in its progressive inotamorphoKes, others most probably the products of a retrograde 
metamorphosis or off-shoots of either process. These last two kinds may fairly b» 
brought under the designation of I'xcretions, and ought therefore to be considered as the 
waste material of expimditure rather than as belonging rightfully to the capital. 

One substance sjKikon of us protoplasm, a mixture of various nitrogtuious and 
non-nitrogenous compounds, occurs hirgoly in all growing parts, and may be regarded 
os a sort of middle term, to which a largo part of the income tends and from which 
various items of capital arise. 

Of the exi)eiidLturc of a plant, a very limited amount consists of actual force. In the 
low'est foi*ms of vegetable life locomotion is at tiinevS witne.s.sed, and some of the higher 
plants exhibit occasional movements in their so-called irritable j)Mrl;s. In these cases 
a certain amount of foi-co is lost as mechanical effect. And in all plants the act of 
growth, the, transference, and sustentjition of material in various directions must be 
consideivid as an expenditure of mochunical force. 

A constant but small loss of force in the form of evolved heat must also be admitted. 
Under ordinary circumstances this ivS almost insignificant ; on certain occasions, however, 
it comes forw'ard into great prominenco. Thus in germination, a very considerable 
aniount of heat is given out, and when many germinating seeds aro collected in a heap, 
us in malting, tlie thermometer placed among them may rise t-o 1 10° F. During flowering 
also heat is evolved. In the spadices of the Arum tribe in particular the thermometer, 
it is said, will stand 20° or 30-' F. above the temperature of the surrounding air. In ftli 
cases the evolution of heat is closely connected with the absorption of oxygen and the 
exhalation of carbonic acid. 

Of the material throwm off by plants, besides water, the largest portion eonsieta of 
oxygen given out by the. green surfaces under the influence of light. A smaller portion 
consists of carbonic acid given off by the parts that are not green at all times andd)y 
the green parts in darkness. 

According to Cloez (Ann. Sciences. Nat. Bot. [iv.] xx.) the yellow and red porti6li»pf. 
particoloured leaves do not give off oxygen. Theamount of carbonic acid exhaled in 
ness is greater when the surrounding temperature is higher (Co re n win der, Ann. 8(3^ V, 
Nat. Bot. [v.] 1, p. 297). During germination, flowering, and fruitingthereis an 
in tlie excretion of carbonic acid. Saiissure thought that considerable ; 

nitrogen were evolved by the leaves of jilanta while carbonic acid was being f 
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ami Draper came to the fsame conclusion. But Boussingault (’Ann. 8cienc. Nat, 
'j)ot. [iv.j xvi.) main tains that such is not the case, having found reason to believe that 
the leaves of plants (at least of submerged plants) in sunshine give off appreeiablo 
„aiitilies of carbonic oxide and marsh-gas. Cloez however, wlio with Gratiolet 
(i/Hil. [iii.] xxxii.) had previously found decided quantities of nitrogen to be exhaled hy 
ilu-h avesofthe Poianmgvt<m. fcrfoliatus, reasserts {ihid. [iv.] xx.) th(5 fact of the exhala- 
tion of nitrogen, and denies the excretion of carbonic oxide. The observations of Law es 
;„„l Gilbert oppose, as far as they go, the idea of nitrogen being exhaled. Many 
plants give off minute quantities of volatile hydroairbons in the form of odours. To tlio 
■((•fioii of these emanations, the ijrescnce of ozone in the iiiaglibourliood of plants has 
Ih-eii attributed. 

It has been miicli debated whether or no, or to wliat extent, matters are excreted by 
tin* roots of plants. The benefieial or injurious effects which tlic growth of certain 
crops seems to exert on the V(‘gf‘tation of other crojjs, .subsequently grown on the sanu} 
^roiiiid, Inivc been attributed to an accumulation in the soil of nnitters excreted hy 
the roots of the first crops. of these facts, however, may, he otherwise explained. 

Direct experlinonts have hid to contradictory results, and those wliieli .seem to affirm 
the existenee of an exeretivc; function have been explained awmy by siipposing the routs 
in sucli eases to have been injured. Can vet (Ann. Scienc. Nat. Bot. [iv.] xv.) decides 
that Ihc! roots of plants, when sound, do not throw off any part of eithc'r poisonous or 
inriceuou.s substaneos taken in by the plant in any way. 

The elas-s of Fungi and tlie l(*afh‘ss Parasites differ rnatc^rially in their vital phono- 
inena from otlier plants, and in some respects closely resemble animals. They naicivo 
Jin hi or no solar energy; they do not con.siime carbonic acid; tliey do not give off 
oxy(.n.'n ; tlu^y do not Jive on simple compounds of carbon and of jlitrogeii. On the 
e.jiiirary, tliey live either on decoinpo.sing organic matter or on tlie cliiboruted jiiice.s of 
]ilaiits, and they ah.sorh oxygen from the atmosphere, giving back carbonic acid in 
r. turn. Tlw'v differ from animals ina.sninch as they exi»end hut little force' eitlier in 
TimvcDiiMit or as heat. Tlie force they ab.sorb in their nutriment .still remuins for 
tin> most part within their bodies as latent energy. Hence the rapid growth of many 
ct tlieiij. 

It is evidently not within our prc.sent powers to draw a balance between the amount 
of force r(‘cciv(.>d by a plant as income on the one band, and the latent energy * 
possessed by the plant its<‘lf plus the fraction expended during its life-time on the 
otluT. 'Phis only is clear, that tlio solar oiu'rgy is more tlian sufficient to account for 
llic Ycgctalde ]x>wer. Helmholtz (Lectures Med. Cte. 18G4, i. p. 499), making a 
coinpiirison between the total amount of .solar energy falling on an acre of ground during 
tiu! year, and the airioniit of force derivable from l.ho plants grown on that aero during 
the same time, lind.s the latter only i./y-ptU part of the former. 

The obstacles attending any att<-nipt to draw a balance of material are also much 
go iifcr limn i.s tin* ca.se with animals, since, in addition to atmospljeric difficulties, 
is met wit It in the fact that a plant., in order to flourish naturally, must be 
placed ill a soil of a most complex cluiracter, out of wdiich it extract.^ only a small 
purl 1011 for its own use. But such a balance, thongli wholly necessary for the purpose 
of iiivesligating the nutritioii of animals, is a lmo.st superfluous in the case of plants, 
euice with tlu; latter a difforont method of observation may be adopted. Instead of 
intcrniig the state of the capital from a compari.son between income and waste, we can 
Jn dealing with plants, make a direct analysts of the capital, and so determine the 
Minatioiis it from time to time suffers through changes in the iucomo ; for tho.so 
plants, concerning whose nutrition knowdedge is most desirable, being generally grown 
in a sufficient number of specimens can always readily be taken for cxaniiuation. 

I he income may be roughly considered as consi.sting of three chief factors, solar 
pu(>rgy, c.irboiiic acid, and soil materials (including, as aqueous soil, the water in which 
aquatic plants live), and the process of nutrition as a function of all three. The total 
imure of any one of the tnree entails a speedy death; the comparative failure 
tjmimshes growth; increase of any ono of the three augments the nutrition of the 
P 'liit within certain limits. The accumulation of vegetable products of all kinds U 
^ppenaent upon each and all of these factors. Thus the presence of carbonic acid is 
eccssary for the development not only of carbon, but Mso of nitrogen-compounds, 
inversely the amount of carbo-hydrates stored up by a plant will oopciid upon the 
“»«>geu as well M the carl)on of its food. 

^ *5^ plants are, in a broad sense, store-houses of carbon, the importance of 
look^H^^ PI derived from air or soil) as a factor of nutrition cannot be over- 

Ihiii b 1 , entirely deprived of carbonic acid cease to live, while an increase of 
in th vegetation. A Umit however to the bonefleial results of incretise 

0 carbonic acid of the atmosphere surrounding plants is soon reached, sines 
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oxygen also is a necessary element of regetable life, and to the respiration, as it hag 
been called, of plants as to that of animals, more than a certain percentage of carbonic 
acid in the air is injurious. The presence of light is absolutely essential to the acini- 
mulation of frcsli material in the body of a plant. In its absence the oxidising pro- 
cesses become prominent and a certain amount of morphological change and even 
chemical transformation of material can take place. This is vtiry well shown 
by the experiments of Boussingault (Ann. Sc. Nat. [v.] i. p. 311) on beans grown 
on a prof)arcd soil in light and in darkm-ss. In the light, a seed weighing *022 ^. 
gi-ew in 25 days to a plant wliose dry weight was 1*293 grm., shovdng an increase of 
■371 grm. which consisted of -1926 grm. carbon, *02 grm, hydrogen, and -IfiDi 
oxygen. In the dark a seed weighing *926 grm. grew in the same time and under the 
same conditions, except those of light, to a plant wTighing when dried, *506 gnn„ 
showing a lo.ss of ‘SOO grm,, which consisted of *1598 carbon, *0232 hydrogen, •17(ifj 
oxygen. In the. light there was a storing up of tlie elements of c:u’honic acid and 
water; in the dark a waste of the same. In the light tin* deoxidising or purely vegf- 
t able process was predominant; in the dark the oxidising or purely animal proof ss. 
The latter supplied the force requisites for the partial development of tho plant. Tlie 
nature of the chcmiciil transformations taking place in darkness is shown by the 
following composition of beans and bean plants after 21 days’ growth in darkness; 


Seed. 

Total weight. 

Starch. 

Sugar. 

Cellulose. 

Oil. 

Nitrogenous 

matter. 

Mineral 

mutter. 

Seed 

. 8*636 

6*386 


-516 

•463 

*880 

•166 

Plant (dried). 4*629 

•777 

•953 

1*316 

•150 

*880 

*156 


There was therefore a production of cellulose out of starch during darkness, Tho influ- 
ence of the absence or presence of light on the development of various vegetable pn?- 
ducts, particularly of those wliieh may be regarded as retained e^ccretions, such as tho 
alkaloids, is well known. Eoussingault regards the asparagine which is aceumiiliili'd 
in beans ‘growing in darkness h.s the vegetable physiological analogue of the animal iiroa. 

Tlio soil-materials may bo divided intotlie “nitrogenous” and “ mineral.” Nitrogen 
is an essential elenu'iit in tlie food of plants, and as we have seen, is probably derived 
from the soil. Though the quantity of it prcsi‘iit in the seed may in many cases senv 
for the purposes of nutrition until the plant has arrived at a considerable bulk and 
accumulated a largcj stock of carbon-compounds, a limit is at last reached beyond wbidi, 
without a further supply of nitrogen, no further growtli can take place. This is very 
well shown by the experiments of Stohmaiin {loc. cit.) and of Lawes and Gilbert 
{loc. cit.). The results of the last observers show a very close connection between the 
presence of nitrogenou.s bodies (ammonia) in the soil and the accumulation in thepbiut 
not only of nitrogen but also of carbon -compounds. The increase in carboliydratcs w 
however by no m<?anH proportionate to the gain in nitrogen. A large amount of tho 
former is very often amassed by means of a very small quantity of the latter. In 
animals nitrogen is always in the foreground, and is, so to speak, the guide and 
governor of the total metamorphosis ; in plants nitrogen is in the back-ground, and is, 
as far as quantity is concerned, the meanest of the fiictors of nutrition. 

“ Mineral matters,” on the contrary, while they hold a very .subordinate po.sition 83 
food-elements in tho case of animals, are of primary importance for the nutrition of 
plants. Their inlluenco is very clearly shown by growing a plant in distilled water or 
prepared soil. For a while there may be observed a growth cou.sist ing partly in the 
transformation of tho contents of tho seed and partly in tho storing up of new material 
through the agency of the unoccupied mineral matter there accumulated ; but, as soon 
as these are exhausted, no new stuff’ is formed and the plant tliereupon speedily perisbe^ 
All plants have not tho same mineral constituents, each species seeming to make a 
qualitative and quantitative selection from the soil of material best fitted for its wel- 
fare. So fundamental is this law that plants are often spoken of as lime-plants, sili- 
cious plants, potash-plants, &c. And Stohmann {loc, cit.) has shown by diwd 
experiments that, in the case of maize for instance, all the mineral food elements haw 
* an independent value, that potash cannot supply the place of soda, nor magneina that 
of lime, nor lime that of magnesia. But, though all the mineral constituents of a pls^t 
are necessary for its growth, they are not all of equal value as factors of nutrition* 
ashes of a plant are not, like the skeleton of an animal, merely the framework 
body; minerals are not absorbed from the soil simply for the purpose of build^^^ 
such a framework. On the contrary, they are closely interwoven with and 
connected with the formation of organic compounds, and their chief fiinctioiii' 
vegetable economy is to assist in tho construction of those compounds. In otheP'^^'^ 
the growth of a plant, that, is more particularly the manufacture of vegetable 
is a function of its mineral food dements. Some of these minerals are more ^ 
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this way than others, and certain elements are especially associated with certain pro- 
(lu. tM Thus there is reason to believe that the alkalis are peculiarly connected with 
formation of tlie carbohydrates, phosphates with that of protein mattcTs, &e. 
That is to say, an increased al)sorption or assimilation of alkalis is equivalent to an 
iiK’rcased fot^mation of carbohydrates, &c. In t he case of some other minerals, no such 
(•()]i!Hction can bo traced. Thus Sachs found that maize, wliich generally contains 
lS'2i5 percent, of silica in its ash, would when debarred from the same attain its usual 
h, ijzht and bulk, and bear seeds capable of gernii nation with only 7 per cent. 

Inasmuch as the oxidising and destructive portion of vegetable life is quite as 
es^i'iitiaJ tf) the growth and welfare of a plant as the deoxidising portion which more 
directly leads to the storing up of material, oxygen must also be considered as a factor 
of the nutrition of plants. 

All these fiictors are absolutely essential, though, as has been said, of unequal value. 
The clfccis of increiuenta of each placed tit the disposal of a plant will be limited 
partly by t he nature of the Victor itself, and partly by the disposition of other factors. 
Thus iiicrcast^ of “minerals” may in certain cases prove effectual far beyond any 
hi'Tcasc ill “nitrogenous matters,” but the effect will depend most closely on the 
miiount of carbonic acid and solar energy available for use. 8o carbonic acid and solar 
energy arc limited in their usefulness by the absence of soil-materials. Practically 
sjicaking, however, the carbonic acid of the atmosphere and solar energy are beyond 
the control of man. Consequently the nutrition of plants is modified by him through 
Yiiriations in soil-materials. (Sec Manures.) 

The series of chtinges through which tlie inorganic elements of the food pass into 
the organic vt'getable products are very imperfectly known. The non-nit rogenous 
products probably behave as follow's. The mineral matters and water absorbed by the 
roots puss upwards as crude sap into the loaves and other chlorophyll-containing organs. 
II ( iv, under tlio influmice of tlie solar rays, they mingle with carbonic acid derived from 
the atiiiosplu'rc, and processes arc sot up whicli result in the liberation of a certain 
quantity of oxygen and tho det.eution of carbon and hydrogen as constituents of certain 
org:iiiic compounds. These resulting coinpounds may be either deposited in the loaves 
as .st.arcli, &c., or pass to otlier parts of the plant as nutritions elaborated sap, to be 
deposited or consumed as occasion demands. Tho presence of chlorophyll seems to be 
esscntiiil to the aceomplishment of the metamorphosis. Thus, when a seed is allowed 
to g(!nriinate in tlui dark, a limited growth takes place, as the result not of any forma- 
tion of new material, but of a transplantation of the old. No clilorophyll is produced, no 
stai'ch ; no carlionic* acid is absorbed, no oxygen liberated. Whtui all the protein siib- 
stiinee, starch, &c. of tli(3 seed has been transplanted into tlje stem and loav<'S and 
d( pr)Hited tliero as protoplasm, cellulose, &c., the plant perishes for lack of food. If, 
however, Ix'fore that occurs, it he exposed to light, certain granules of chloi’ophyll, 
previously deposit ed in the protoplasm of some of the leaf-cells and possessing a yellow 
eoltair, gradnaJly become green. If the light be insufficiont, no progress is made beyond 
tins stage, and the plant in this case too perishes by starvation. With more light 
starch is formed in the chlorophyll, and the plant lives and flourislies. Since only in 
the ports wlierc chlorophyll exists is carbonic acid absorbed and oxygen liberated, and 
since- only when there is chlorophyll somewhere in the plant is there any formation of 
starch at all, it seems reasonable to suppose that tho presence of chlorophyll is essen- 
tial to tlie construction of starch, and that when st-areh accumulates in any part free 
from clilorophyll, it has been carried thither from elsewhere, not generated on the spot. 

1 he tact that the green (chlorophyllie) parts of plants absorb tho so-called actinic rays 
ct the spectrum, has been considered a proof that these rays alone contribute tho force 
required for the liberation of oxygen from tho carbonic acid. Draper and Daubony, 
however, iiuiintain from direct experiments that only or chiefly the luminous rays are 
concerned in the process. And it is uncertain to what part of the spectrum is due tho 
change to green chlorophyll from its yellow or uncoloured antecedents, and whether 
particular rays have any influence in determining the formation of particular varieties 
of the carbohydrates and other compounds. 

Opinions concerning the share taken in the deoxidising process by the mineral 
constituents and the exact stages passed through by the carbon are purely theoretical. 
It IS unknown whether the oxygen arises from a direct cleaving of the carbonic acid or 
whether it is thrown off at the end of, or by fractions in the course of, a long series of 
changes. It has been suggested that the carbohydrates may be formed by the carbon 
piissing through a series of acids of increasing carbon-power for which tho alkalis, &c. 
so closely connected with the carbohydrates) sen'e as bases. 

rile observations of Lawes and G-ilbert (Phih Trans. 1861, ii. p. 493) show the 
^pat rapidity with which carbonic acid in reduced in the light, and oxygen consumed 
in the dark, and support the opinion that “ there can be httlc or no oxygen in the living 
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cells of plants during the night or during cloudy days.” They also suggest the " idea that 
tliere may be during exposure to light, in the onttT cells which are penetrattxl by the 
sun’s rays, a reduction of carbonic acid with fixation of carbon and evolution of oxygc*n 
at the same time that in the deeper cells there is taking place the converse process J 
oxidation of carbon and formation of carbonic “acid.” In .such case the oxygen of the 
outer cells would pass inwards, oxidising the more deeply deposited carbon compounds 
while the carbonic acid of the inner cells would pass outwards to bo there reduced. ’ 

Some W7’itfn’.s attribute much importance to the fact of many elements being set free 
during the org;inic changes in a “ nascent condition.” 

The career of the nitrogenous elements of the pLints’ food is also obscure. It has bet n 
supposed that the nitric acid and ammonia absorbed by the roots pass with the rest nf 
the mineral constituents up to the leaves, and arc there elabomtc^d into protein coni- 
jTounds which eitlier remain as parts of the leaves or become factors of the nutritions 
sap. A large portion of tin; nitrogenous material of a growing plant will be found Iq 
the form of a constituent of the so-called protoplasm, tin? semi-fluid occupant of the 
vegetable ccdl. In the vitalistic theori<'S this protoplasm is endued with a plastic force, 
a power of moulding the form proper to the plant, and is Bometime.s spoken of as presid- 
ing over the nutritive changes. ^ 

’I’lie chang(is through wliich ammonia or nitric acid, with sulphuric or phosphorio 
acid, assumes the form of protein-substance are wliolly unknown. 

The nutritive processes of a plant are not the same, nor is its composition identical 
at all epochs of its life. Young plants are rich in alkalis, old ones in earthy and mr?- 
tallie oxides (Garroau, Ann. Sc. Nat. [4] xiii. — 0 o r e ii w i lul e r, «///>/. xiv.). The 
“ active principles ” elaborated by certain plants often ap[)ear at part icnlar ages only. 
The phenomena of “ migration ” play a very important part during tlio wiiole of thw 
plant’s existence. Thus, during germination, tin? p>rotoiii matter or alcuron of t ho seed 
becomes liquefied and the starch is converted into dextrin, and perhaps into sugar with 
evolution of carbonic acid. The semi-liquid mass formed by the mixturo of these 
bodies tlien migrat(?s into the growing cotyledons, stcun and root, or rather forms them 
by tho extensibii of itself through chemical and morphological changes resulting in tho 
building up of cellulose and cells. There is no loss of protein-matter during this trjinsf- 
action, but the sum of the starch, dextrin, sugar and cellulose of the plant are toget her 
less than the starch of the original seed. 8olar energy, carbonic acid, and soil-mate- 
rials being present, new material is constructed and growth proceeds. As the leaves 
wither and die, a certain amount of material, namidy the protoplasm, is withdrawn 
from them and migrates to tho still living organs. Hence, dead leaves consist mostly 
of cellulose with certain other matters ])eculiarly connected with tlnit substance, pro- 
tein, starch, and sugar, alkalis, and phosphoric acid, being left in exceedingly smull 
quantities. As life advances, growth will for a certain time take place chietly in tho 
leaves as distinguished from the roots. Thus Anderson found that in turnips grow- 
ing from July 7 to August 11, the leaves iiicreasi'd more than four times Jisfast as iho 
roots. At a later epoch the process is reversed. In turnips growing from August 11 to 
September 1, tho roots increased nearly twice as fast as the leaves. TJiat is to say, of 
tho material elabortited by the leaves, a very largo proportion did not remain in those 
organs but migrated to the roots. In turnips growing from Se})tembiT 1 to October 5, 
the leaves were found to have decreased in weight, some leaves in fact had withered ami 
fallen oft’ hut the roots had vastly increased. In other words, the migration from the 
leaves to the root had been very active, the latter organs acting as storehouses for tho 
stuffs constructed in tlie former. Inirther on in life another change takes place. The 
material amassed in tho root migrates once more into the leaves, when those are formed 
again with the return of warmtli. Finally, the plant flowers and seeds, material is 
withdrawn from both loaves and root, takes its last migration, and finds its last 
resting-place in its fir.st .starting-place, the albumen of the seed ; the dead leaves and 
stem representing very little more than so much cellulose. A very similar migratioo 
may be traced in the storing up of sbirch in the tuber of the potato, in the stem of 
the palm, and in a multitude of other instances. The history of tho metamorphosis 
and migration of material in olives has been traced by De Luca (Ann. Sc. Nat. 
(iv.), xviii,). Miinnito appears in the young olive leaves at first in very small quan- 
tities, but increases in amount as development proceeds until the epoch of fioworiuft 
when it begins to diminish. By the time the leaves are withered it has nearly 
appeared. It is also found in young flowers, but disappears as they reach perfection. 
It occurs, too, in tho unripe fruity but gives place to oil during maturation. A 
close connection is observed between chlorophyll and mannite on the one hand, *^4 
between mannite and oil on the other, the mode of the development of the latter l)Whii 
thus indicated. M, IV; 

XrVTTA&ZTS. Syn. with Scafolitb. 
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NUX VOMICA--.OBSIDIAN. 

Jfftrx VOMICA. See Strtchnos. 

IffTiaPBiBA. The ash of the leaves and stalks of Nymphtsa alba and N. Ivlea has 
,oin analysed by Schulz-Fleeth (Pogg. Ann. Ixxxiv. 80): — 

KZO. Na20. CaO. MgO. Fe*05. SO^. SiO*. CO 2 . p20\ KCI. NaCI. 

1 22-92 — 25-24 6*09 0-24 1*86 0*81 22*23 7 18 7 88 2*78 = 96 23 

"oliVlravci 17 91 — 30 00 3*GI 0*16 1-39 1*16 28-26 4 65 4*88 7*33 = 99*35 

' 4-48 18*89 2*67 0*25 1*21 0*49 2*2*16 2*58 - 29-66 = 86-80 

The young leaves and stalks of N. lutea yielded, after drying. 7 96 per cent, ash, the 
lid leaves of the same lO'ld per cent., and the leaves and stalks of JS. alba 12*99 per 
ent. 


0 . 


OATS. See Ci5RT!AL9 (i. 823). 

OBSlDlAUr and PUIMCICS. Obsidian is a glassy modification of felspathie or 
raehvtie lava. I’lnniee is a porous, fibrous, capillary or tumeiii'd mass, prodiieed hy 
Ik- oj)erati(.)n of various external agencies, chiefly atpieous vapour and a cc'rtain tom- 
i<-i*iitui’(‘. un tlie.'^o lavas while in the fluid state. Many obsidians, when ignited in lumps, 
irt()nie lu'ightly ineandesecuit, and swell np to a tumefied mass of pumice, which, 
ci’iirdinp: to Abich, is more like natural pumice in proportion as the mineral conlaius 
'J.S .-silica and more alkali. Pulverised ob.sidiaii d(H‘S not exhibit these plienoinena, 
111 merely turns brown. Obsidians heated above the point at wliich tlie forinaf ion of 
iiiniee takes place, melt to a greenish glass. Similar glasses are also formed by the 
iiiiiral fusion of pumice. Poth pumice and obsidian appear to be but little attacked 
'V acids. 

These minerals may bo divided into two groups: — A. Those in which the silica 
mounts to jibout 00 per cent., less therefore than in glas.sy felspar (ii. 020); t,lie 
nm ices belonging to this group are tumefied, and have a dirty white or grey-green 
oloiir. — ]{. Those in whicli the silica amounts to 70-80 percent. ; tliepnrnicea bolong- 
ll[^ to this division are fibro-capillary, white, and have a silky lustre. 

a. Oh.sidian from Tonerifie: specific gravity 2*628 (Abich, Geolog. Untera. p, 62). 

■ h. T'umit^e from the same: specific gnivity 2*477 (Abich). — c. Pumice from the 
'h[cf;r;i;an Fields : specific gravity 2*411 (Abich). — d. Pumice from Llactacunga, at 
he foot of Cotopaxi (Abich).— c. Obsidian from Lipari ; specifio gravity 2*370. — 
i rumiee from the same: specific gnivity 2*77 (Abich). — g. Ohsidian porphyry from 
ho grenter Ararat (Abich). — h. Obsidian from Moldavia, Bohemia (v. Hauer, 
ahrb. Gcol. lieichsanst. v. 868). 

With about 60 per cent, silica. With 70»80 per cent, silica. 


ilica 

a. 

b. 

c. 

d. 

e. 


V* 

h. 

61*18 

62-25 

62*04 

73-77 

74-05 

73-70 

77*60 

79-12 

luniina 

19*05 

16*43 

16-65 

10-83 

12*97 

12*27 

11*79 

11-36 

(Ti'ic oxido . 

4-22 

4-26 

4-43Fe*0 1*80 

2-73 

2*31 

2*17 

2-64 

l angaiiic oxide 

0*33 

0-23 







limo 

0*59 

0*62 

1*31 

1*21 

0*12 

0*05 

1-40 

4-45 

hignesia 

019 

0*79 

0-72 

1-30 

0-28 

0*29 

— 

1-48 

ixla 

10*63 

11 *26 

6*39 

4-29 

4-15 

4-52 

4-21 

1-21 

ota.sh . 

3*50 

2*97 

3*66 

3*90 

6*11 

4*73 

2-30 


Iilorine . 

»^ater . 

0*30 > 
0*04 { 

0*53 

3-84 

2*85 

JO-31 

}0-22 

0*31 

1*22 




100*03 

99*33 

98*94 

9?96 

99'-94 

100*00 

9W 

100'26 


The close agreement between the analyses of obsidian and pumice frotn the same 
>i‘ality, for example a, b and €,f. shows that the two are merely'modifications of the 
uno mineral. . 

The analyses show also that obsidian and pumice consist mainly of felspathic sub- 
ance; they always, however, contain small quantities of earths and iron-oxides, 
Hiicating an admixture of angite, olivin and magnetic iron om. The obsidian and 
wmice of TenerifFe (o, h) consist almost entirely of oligoclase, which mineral likewise 
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occurs pure in the midst of them. The pumice of the Phleprsean fields (<j), also that 
of Ischia, Procida, and the volcano of Arequipa in Bolivia, which contain but little 
than 60 per cent, silica, qlso consist mainly of oligoclase more or less pure, 'fjj 
minerals of the division B, which contain a rather large proportion of potash, apj)*. * 
to be mixtures of free silica with oligoclase and glassy felspar (ii. 620). The waJrtn 
pumice is merely hygroscopic. The small quantities of chlorine are present as chlorid 
of sodium or cliloride of ammonium, which salts are frequently found in and upon Uvi* 

The pumice from the neighbourhood of Lake Laach, sinalysedby Schaffer, exliililj 
a composition different from the preceding, containing only about 50-68 per cmt 
silica ; and two specimens of obsidian from (he great volcano of Hawaii differ still more 
in composition therefrom, A capillary variety yielded 61T9 per cent, silica, 30-2« 
ferrous oxide, and 18T6 magnesia (= 99-61); a glassy variety, 39-7-1 silica! 
alumina, 22-29 ferrous oxide, 2*74 lime, 2-40 magnesia, 21-62 soda, and 0-33 \ratpy 
(*= 99-67). The former appears to be an augite, (Mg; Fey'SKP; the latter is aim) 
probably an augite, but with an unusually large quantity of s^a. (Rammelshei-p’s 
Mineralchcmie^ p. 637.) 

OCBRAHr. A variety of bole from Orawicza in the Bannat, containing 31-3 per 
cent, silica, 43-0 alumina, 12 ferric oxide, and 210 water. (Kerston.) 

OCHRE. A term applied to many metallic oxides occuring in an earthy or 
pulverulent form ; e.g. iron or red ochre, molybdic ochre, &c. 

OCBROZTE. An impure cerito mixed with quartz, analysed by Klaproth. 

OCHOTA. OZE or GA.MPBOR. Syn. with La.urix or Bay-beery Cahphoe 
( iii. 476). 

OGTABEDRZTE. Syn. with Anatase (i. 289). 

OCTYXi. CapryL C"H*^ — The eighth alcohol-radicle of the series C"!!"”*'. 
According to Bouis (Compt. rend, xxxviii, 736) it may be separated from the chlorid.', 
C“II”C1, by the acetate of sodium in the cold. In the free state it is representotl ly 
the formula (see A lcohol-iiai)ioi.es, i. 96), and is isomeric, or perhaps identioiil 

witli hydride of cetyl, C‘*1I”.II (see Hydiudbs, iii. 182). 

OCTYXi, 8ROMZBE OF. C**H*T3r, — Obtained by treating octylic alcohol with 
bromine and phosphorus. It is an oily liquid, smelling like the chloride, heavier thiin 
water, insoluble in water, soluble in alcohol. It boils with decomposition at 190^, 
and leaves a carbonaceous residue when distilled ; burns with a smoky green-edged 
fiame. It is decomposed by potash, yiedding bromide of potassium and octylic alcohol, 
and precipitates silver-salts in alcoholic solution, but more slowly than the iodide. 

OCXYB, CBXiORZDB OF. C"H> ’Cl.— Produced: 1. By the action of hydro- 
chloric acid or pentachloride of phosphorus on octylic alcohol (Bouis, Ann. Ch. 1%8. 
[3] xliv.‘i28). — 2. By that of hydrochloric acid upon octylene (Berthelot, Ann. Ch. 
Pharra. civ. 185). — 3. By the action of chlorine on hydride of octyl (Schorlemmer, 
Chem. Soc. J. xv. 419) ; at the boiling heat (Wurtz, Jahresb. 1863, p. 509) at 40^— 
50®, avoiding an excess of chlorine (Pelouze and Cahours, Ann. Ch. Pharm. cxiit 
91). It is a colourless liijuid, lighter than water, and smelling like oranges. Specific 
gravity 0*892 at 18® (Schorlemmer); 0*895 at 16® (Pelouze and Cahours). 
Boils at 176® (Bouis); at 170® — 172® (Schorlemmer); 168® — 172® (Pelouze and 
Cahours); at 162® — 167® (Wur.tz). Itburns with a smoky green-edged flame, forming 
hydrochloric acid ; does not precipitate silver-salts ; is decomposed by potassium or sodium 
in the cold, yielding octyl [or hydride of cetyl] C'®II** ; but when it is heated with so^um 
the metal assumes a violet colour, hydrogen is evolved ; and if the distilled liquid be 
repeatedly distilled with sodium till all the chlorine is removed from it, the product 
ultimately obtained is octylene C*H’* (Bouis). Chloride of octyl prepared fwm the 
hydride exhibits the same reaction as that obtained from the ^cohol ; when heated 
-with alcohol and acetate of potassium, it is resolved into octylene and octylic acetate, 
(Pelouze and Cahours.) 

OCTY&, BYBRATS OF. Octylic Alcohol. Caprylic Alcohol. 

— This alcohol is obtained, according to Bouis and other chemists, by distilling 
uoleate of potassium or sodium with excess of caustic alkali. Others again 
the volatile products of this reaction are heptylic alcohol, and methjl-onan$I^X^ 

C®H'*0. These opposite views have already been discussed in connection with 
alcohol (iii. 141). As there observed, we must suppose, pending the fuither 
gation of the subject, that one or the other of these alcohols is produced, 

Uie particular circumstances of the reaction. The mode of preparation has been 
described (/oc. cit.'). According to Limpricht (Ann. Ch. Pharm. xciii. 
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eparation of the met hyl-oenanthyl formed at the same time, is never oonipletely 
ff'fted by means of acid sulphite of sodium, on account of tho greasy nature of the 
oinpound formed ; and the only way of effectually removinp^ this acetone is that 
dopfed by llouis, which consists in repeatedly distilling the liquid over fresh lumps 
f caustic potash as long as any brown substance remains in the residue. 

Octylic alcohol is also produced by distilling acetate of octyl (obtained from 
Line.rioiin petroleum) with potash. (Pelouze and Galiours, h‘C. vit.) 

Octylio alcohol is a colourless transparent oily liquid, having a strong aromatic 
odour and making grease-spots on paper. It lias no aetioii on polarised light 
(houis). Itboils at 180°(Bouis); at 179"^ (Mosehnin, Squire); at -181® 

(Tel ouzo and Cahours). Specific gravity = 0-823 at 17® (llouis); 0'826 at 10® 
(Pelouzo and Cahours). Vapour-density ob.s. = 4'd5 (Bouis); calc. = 4-51. 
Its coTiiposition is as follows :* 


Calculated. 

C" 96 7'l-84 

18 13-84 

Jie 12-32 

130 100-00 


Bouis. 

Mosehnin. 

Dnrhanor, 

73-46 

73-64 

73-8 

13 88 

13-8 

13-9 

12-66 

12-56 

12-3 

100-00 

100-00 

100-0 


Dachau er, by dissolving sodium in the alcohol (purified by treatment with acid 
sulphite of sodium) and treating the resulting mass with ebloride of aeetyl. obtained 
{leci.itc of octyl containing 70-0 per cent carbon, and IDO hydrogen, the formula 
Cd!‘i(J-lP‘)0‘ requiring r>9‘7 carbon, and 11-6 hydrogen. 

OetyJiir uleulnl is insoluble in water, but dissolves in alcohol, dher, and wood-spirit, 
and very readily in aadio acid. It dissolves phospl/Awns, sulphur, iodine, fused 
dihiride tef fats, nsi/is, ilnd copal. It rapidly alxsorbs hydrochloric acid gas, 
^vl)iell lioweviu- it gives off again wlien heated. It combines with chloride of calcium, 
foniiiiig very deliquesci'iit prisms, which dissolve in cold more freely tliau in hot 
oclylic alcohol, and are dccoriiposed by water. (Bouis.) 

(.Ictylic alcohol, wlien free from methyl-a?nanthyl, is not altered by exposure to theufr, 
or bypassing oxygen tlirougli it at the boiling heat (Bouis). It is oxidised by 
mfric add, yielding varions Ihtty acids. Sulphuric acid dissolves in it, forming octyl- 
siiliiliuric acid, and generally also octylene and neutral oclylic sulphate. By/wwi- 
?//«/ sidiihuric acfd it is eoiiverl ed, first into octyl-sulphuric acid, then, on further {letion, 
into mehi-oetylenc (Bouis). Fused chloride of cine converts it into octylene. 
Villi glacial phosphoric acid it yields oclyl-phosphoric acid. With hydrochloric acid, 
'jx ir/arldor/de of phosphorus, bromine and phosphorus, and iodine a 7 id phosphortis, it 
exliibifs Iho usual reaeti(»ns of alcohols. "With potassium, (or sodium) it yields a sub- 
siilutimi-product. IfcaUKl with gnic/clime, it yields hydrogen and gaseogs hydro- 
carbons. It reduces odide (but not nitrate) of silver, when heated with it, forming a 
metallic mirror. (13 o u i s.) 

OCTYl,, KYBRXDB OP. C«II'» = C'«IT'».H. Hydride of Capryl.— This 
bjdroc.irbon is one of the constituents of American pelroleum, and is found in tho 
portion of the oil boiling between 115° and 120® (Pelouze and Cahours, Ann. Ch. 
i narm, cxxyii. 197; Jalire.sb. 1863, p. 528); also among the light oils obtained by 
‘Instilling Wigan canncl-coal at a low temperature (Schorl ommer, Chem. Soe. J. 
y- It is produced, togedhor with many of its liomologues, by the action of zinc- 

e iioride on amylic alcohol, passing over, together with octylene, in tho portion of 
iqind which distils between 110° and 130° ; and on treating this distillate with 
>romino, which unites with the octylene, and distilling again under a pressure of 20 mm., 
the octyhc hydride passes oyer at 80° (Wurtz, Ann. Ch. Pharm. cxxviii. 230; 
|<inresb- 1803, p. 609). It is a colourless liquid, having a 'faint ethereal odour, 
‘coding at 119° (Schorlemmor), at 1150—118° (Wurtz), at 116°— 118° (Pelouzo 
ami Cahours). Specific gravity - 0-728 at 0° (Wurtz). Vapour-density 4-01 
v «rtz), calc, c 3-947. Chlorine converts it into chloride of octyl. 

OCTYB, ZOBZDB OP. (Bouis, Ann. Ch. Phys. [3] xliv. 131. 

quire, Chem. Soc. Qu. J. -vii. 108.) — Obtained by the action of iodine and phos- 
p orus on octylic alcohol. It is an oily liquid, having an odour of oranges, boiling 
16® (Bouis), at 193° (Squire). Specific gravity = 1-31 at 

(Bouis). It bums with a smoky flame, and turns rw on exposure to light, 
^eateii With alcoholic awiwonm, it yields hydriodate of octylamine (Squire, Cahours, 
if the octylic iodide is in excess, di« and tri-octylamine are likewise formed 


•Iready ® alcohol which agree more nearly with 


me T-caroon lormuia, i 
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JouisV With sodium or potassium, it behaves like the chlorido. Heated ^th pro. 
sulpjJde of sodium in alcoholic solution, it forms sulphide of octyl and u^ide of 
dium. ireatcd witli mercury, it yields mercurous iodide, octylene, and free hydrogen, 
s alcoholic solution precipitates silver-salts. (B o u i s. ) 

OCTYX., OXXBS or. (C«H‘')*0 ?— Obtained, though not pure, by distilling 
tvl-ito of’ sodium until chloride of octyl; also by distilling octylic alcohol with 
Iplmric acid, the acid being heated in a retort and the alcohol allowed to flow in 
3wly. (Bonis.) 

OCTXX«« SUXfPKIBX! OF. (CTI*’)-S. — ^When an alcoholic solution of proto- 
Iphide of sodium is heated with iodide of octyl, till the mixture becomes turbid, 
Inhido of octyl separates as an oily liquid, lighter than water, and having an 
iplcasant odour. It is slightly soluble in alcohol; decomposes when heated, 
louis.) 

OCTYXiA.MIXM'S. Caprylamine. C"H**N = (W. S. Squire, 

lern. Soc. Qu. J. vii. 108.— Cahours, Ann. Ch. Pharm. xcii. 399. — Bouis, 
in. Ch. Phys. [3] xliv. 139.— Pelouze and Cahours, Jaliresb. 1863, p. 529.)— A 
,sc produced by heating alcoliolic ammonia with iodide of octyl (Sq uirc, Cahours, 
ouis), or with the chloride (Pelouze and Cahours) ; also by distilling a mixture 
octyLsulpliatc and cyanatc of potassium, and treating thci resulting distillate (which 
jrstallise.s readily, aiid probably consists of cyanate and cyanurate of octyl) with 
itash. (Bouis.) 

Octylamine is a colourless, bitter, very caustic, inflammable liquid, having an ammo- 
acal fishy odour. Specific gravity 0786 (Squire). Boiling ixiint 164'^ (Squire); 
20— 175<^ (Cahours); 175'^ (Bouis); 168° — 172° (Pelouze and Cahours). 
•tylamino is insoluble in water. It precipitates metallic salts, and dissolv«‘.s chloride 
silver. With iodide of octyl, it yields di- and tri -octylamine. With the chlorides of 
ncoyl and cumyl, it forms octyl-benzamido and octyl-cumylarnide. (Cahours.) 
Octylamine unites readily with acids. The hydriodate, C‘*H“®NI, forms large plates, 
sily soluble in water. The hydrochlorate, is very deliquescent, but uUi- 

itely cry.stallifte.s in vacuo, in large nacreous plates. Tho C®H“NAuCl\ 

deposited from dilute solutions in shining yellow laminae resembling iodide of lead, 
le chloroplatinate, (C‘*IP®N)'^PtCr‘, ee})aratcs from boiling solutions in shini ng goldeii- 
llow scales or largo thin plates, ea.siiy .soluble in alcohol and ethor. The nitrate, 
and sulphate, (C”l-P®N)*SO*, are crystallisablo and readily soluble in 

itor. 

OCTYXEirS. Caprylene. C*H*®. — This hydrocarbon is produced, as already men- 
med, by heating octylic alcohol with sulphuric acid or fused chloride of zinc (B o u i .s) ; 
T heating iodide or chloride of octyl with sodium or mercury (Bouis); by heating 
doride of octyl with alcoholic pota.sh (Pelouze and Cahours); also, together with 
veral other olefines and many alcoholic hydrides, by the action of chloride of zinc on 
nylic alcohol (Wurtz). It is also formed together with hydrogen, marsh-gas, and 
her gaseous liydrocarljons, when pelargonic acid is distilled with potash-lime, consti- 
ting tlie greatt-r part of the liquid distdlate thus obtained, which passes over between 
)6° and 110° (Cahours, Coinpt. rend. xxxi. 143). It may bo obtained in like 
aimer from other fatty acid.s, viz. oenanUiylic, eaprylic, palmitic acid, &c., and 
>pears to be produced iu the distillation of most fixed oils. 

Octylene is a very mobile oil, lighter than water and insoluble therein, very soluble 
alcohol and ether. It boils without decomposition at 125° (Bouis); at 116° — 
50° (Cahours); at 118° — 120° (Pelouze and Cahours) ; below 120° (Wurtz) ; 
115° — 117° (Schorlemmer). Vapour-den.sity, obs. = 3*86 — 3'90 (Bouis); 4*0 
V urtz) ; 4*17 (Schorlemmer) ; calc. = 3*878. It bums with a very bright flame. 
It is violently attacked by strong nitric acid, yielding nitro- and dinitro-octylene 
Jahours). When treated fir.st with sasqui -hydrated nitric acid, 2HN0*.3n*0, and 
en with a mixture of fuming nitric acid and oil of vitriol, ityields dinitro-octyleue, 
IP^NO*)*, which, after washing and drying, forms an oily liquid, heavier than water, 
id slightly soluble in water, forming a solution having a strongly irritating odour. It 
decomposed by distillatioii, giving off red vapours, leaving a black residue, and yield- 
g a distillate of nitro-octylene, n liquid possessing similar properties^ 

ctylene is not attacked by sodium, but if diy chlorine gas is passed into the liquid » 
olet-coloured compound having the composition G»iP*ClNa» or C*H**Na.Na01, 
rmed, with evolution of hj'drogen. With iodine and bromine^ corresponding oo^ 
>iinds are formed. (Bouis.) . '.fl 

M[eta*ootylene, — A hydrocarbon polymeric with octylene, obtained by lW 

oloiigcd action of fuming sulphuric acid on octylic alcohol, ■^^^en purified by 
g Avith water, alcohol and aqueous potash, it forms a colourless inodorous 
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specific gravity 0*814 at 16°, and boiling with decomposition at 250°. It is insoluble 
iu wjitcr, nearly insoluble in cold alcohol, burns with a bright flame, is not acted on by 
boilinj^ po^iish. (JJouis.) 

OCTT&EinB, ACBTATB OP. ~ by heating 

Jill etlicreal solution of the bromide with acetate of silver to 100°. It is a thick oily 
iiqukl, boiling between 240® and 245° (Wurtz); 246° and 250° (De Clermont). 

OCTVliBUB, BSOMXSSS OP. ^ C®H’*Br*. — Produced by direct combination 
[(".</• by the action of bromine on the mixture of octyleno and octylic hydride occurring 
iiniougst the products of the decomposition of amylic alcohol by cliloride of zinc). It 
is an amber-colourcd heavy liquid, which cannot be distilled without decomposition, 
c veil in rarefied air. (Wurtz.) 

OCTYI.EXE, HYDRATE OP. Octylic Glycol 

Oviykilic alcohol (P. D e Clermont, Compt. rond. lix. 80.; Ann. Ch. Pharni. Siippi. iii. 
254 .)— Obtained by decomposing the acetato with finely pulverised potash added by small 
portions, di'Stilling in an oil-bath, repeating the whole process several times, and purifying 
(iu! imHluct by fractional distillation. It is a thick, oily, colourless, inodorous liquid, 
liaviiig a burning aromatic taste, insoluble in water, soluble in alcohol and in ether. 
|4j)ceilic gravity = 0*932 at O'*, and 0*920 at 29°. Boils between 235° and 340°. 

OCTYXiEHE, KYDRATOCBEORXDE OP. CII'-CIO = 

xlO j 

Odyli nh Chlorhydrin . — This compound is fonned: 1. By the action of strong hydro- 
cliloric acid on octylcnic alcohol ; — 2. By the action of hypochlorous acid on octylene. 
The lir.st reaction yields a very impure product. To prepare tho compound by tho 
scct.md, pure octyleno is added to a solution containing 2 or 3 per cent, hypochlorous 
aciil. obi Mined, according to the method of Carius(Aiin. Ch. Pharm. exxvi. 195), by 
MgilMliiig clilorine gas as free as possible from air, w'ith mercuric oxide previously 
licMi cd to 300°, and suspemded in a small quantity of water.* 

The product is a mixture of mercuric oxychloride, water, and liydratochlorid (3 of 
ootyione. The latter is extracted by ether, the mercury precipitated by sulphydric 
acid, the excess of acid neutralised by carbonate of sodium, and the liquid subrnittod 
to fractional distillat ion. 'Clie hydratochloride is then obtained nearly pure, in tho 
form of an aromatic liquid boiling between 204° and 208°. (Do Clermont, he. cit.) 

OCVBA-WAX. A vegetable wax obtained from the fruit of MyrisHca ocuba, 
oficinaliii or schifera, a plant growing abundantly in tho marshy grounds on the shores 
of llio Amazon and its tributaries. The shelled fruit, bi*ui.sed and boiled with water, 
yicld.s from IS to 19 per cent, of tlie wax, which is yellowish-white, of the consistence 
of b('c.s-wax, irndts at 30°, di.ssolvcs in boiling alcohol. It contains, according to Lewy’s 
iunilysis, 74*0 per cent, carbon, 11*3 hydrogen, and 14*7 oxygen, but is most probably a 
mixture of diifereiit fats. It is easily bleached, and is used extensivedy in Brazil for 
tlic manufacture of caudles. 

ODnXYE. (Anderson, Ann. Ch. Pharm. Ixiii. 370.)-— When fats or oils contain- 
ing oleic acid ai^. distilled with sulphur, a fetid oil pa.s.ses over, which maybe separated 
by nctification into several otiiers, the first of which is a limpid oil boiling at about 
71°; but the quantity of this limpid oil is but small, and it is not found possible to 
olkMi'n fractions of constant boiling point. The crude oil dissolved in alcohol yields 
prcTipitates with various metallic salts. With mercuric chloride, a white precipitate 
ns fonnod, yielding by analysis, 14*61 per cent, carbon, 2*72 hydrogen, 60*01 mercury, 
chlorine, and 12-48 sulphur, whence Anderson deduces tho formula 
c Wiy-.'lHyCl + regarding the precipitate as a compound of mercuric 

cnlundoandmercui'oussulphidcwith the body which he csMlh sulphide of odm7fl 

rerhardt, on the other hand (TraiU, ii, 637), suggests the formula C^WHqSJTfiCL 
(rc^quiring 14*76 C, 2*8011, 61*22 Hg, 11*07 Cl and 10*15 S), representingit as a compound 
01 mercuric clilorido with mercuric sulphotetrylat(3 (analogous to morcmuc sulphethy- 
late or mercaptide, ii. 548). The mercury precipitate suspended in water is blackened 
■md decomposed by sulphydric acid, and the liquid yields by distillation a limpid oil, 
bghter than water, and having a repulsive odour like that of certain umbelliferous 
I'lants. This oil (regarded by ..Inderson as sulphide of odmyl^ but perhaps consisting 


* Tlje proportions r 
Of* perfurmed in a dark 


reaiiired are !.*> {rrms. mercuric oxide to a litre of chlorine. The agitation must 
k place and in bottlea not conutning more thai> a litre. With larger quantities, ihe 
nation of mercuric chlorate. Pure hypochlorous acid is not well adapted fhr’ex- 


orn • 1 if * P'«ce anu in ooutes noi C(J 

I**' formation of mercuric chlorate, ruro hypochlorous acid is not well adanted fhi 
L i easily gives off chlorine, eren iii dilute solution. The solution obti 

rioS u ^ mixed with a sinall additional quantity of mercuric oxide 

Piously heated to 3000 and suspended iu a sinall quantity of water. (C a r 1 us.) 
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of tetrvl-sulpliydric acid, or tetrylic mercaptan) gives with alcoholic mercuric cbloriae 
a white precipitate exactly resembling the preceding, and with platinic chloride a 
yellow precipitate similar to that obtained with the limpid oil obtained by rectifying 
the crude sulphuretted oil. 

OBORIN’S- A Yolatlle base obtained by Unverdorben from bone-oiL It appears 
to haver been impure pieoUne. 


OBONTOBXTS. Sec TuRQUois. 

lENANTHXC ACZX> and STHER. (Liebig and Pelonze, Ann. Ch. Pharm. 
xix. 2tl.— Pelffs, ibid. Ixxx. 290). — The name ceiianthic ether was given by Liebig 
and P« iouze to an etliereal litiuid wliicli exists in all Mines and is the source of their 
peculiar odour, causing a few drop>s of w'iiie left in a bottle to be distinctly smelt, 
wherejis a mixture of pure alcohol and water of the same alcoholic strength as wine 
has scarcely any odour. This etlier remains in small quantity as an oily liquid,* when 
lai-ge quantities of wine are distilh^d ; it may bo obtaiii(?d with greater facility by 
distilling wine-lcos with half its bulk of water, taking care that the mass does not 
carbonise. The distillate contains a small quantity of free acid from which it may bo 
freed by washing with aqueous carbonate of sodium. 

When thus purified and dried, ceiianthic ether is a very mobile liquid, having a very 
strong vinous odour, almost intoxicating when inhaled. Its taste is very strong and 
disagreeable. It dissolves easily in ether and in alcohol, even when tho latter is rather 
dilut(‘, not perceptibly in water. 8p. gr. 0-862 (Liebig and Pcloiize); 0*87 2o at 
15-6° (Delffs). Jioils between 225^ and 230^ (L. andP.) ; at 221^ (Delffs). It gives 
by analysis 70-5 — 7T5 per cent, cai-boii and 11*8 —12T hydrogen, whence Liebig and 
PgIouzc deduce the formula (calc. 72*0 per cent. C and 12-0 II), regarding 

the compound as the ethylie ether of amanthic acid, Delffs, on tho other 

hand, eonsi(h*rs it. to be identical with pehirgonate of eldiyl, or C“IP“0* = 

C®Il”(0‘‘Ti'’)0'-, (requiring 71-0 per cent. C and 11*8 .11). The vapour-density is 9 8 
according to Liehig and i’elouze; 70 1 at 270° according to Delffs; thi* calculated 
vapour-density of peiargonic ether is (i-dti. 

J3y treating ocaaiithic etlier with an alkali, and floeomposing the product with sul- 
phuric acid, ceil ant hie acid is obtained as an oil which may be washed with warm 
water, and dried witli cliloride of calcium, or in vacuo over oil of vitriol. This 
acid forms at 13° a colourless buttery mass, melting at a higlier lemperature to ii 
colourless, tiusteless, inodorous oil, w-hich reddens litmus, and dissolves easily in alkalis 
and alkaline carbonati.'s, also in other and in alcohol. It contains, aecording to Liebig 
and Pelouze, 08-6- 67 *5 per cent, carbon, and 11-6 hydrogiui, whenco tliey deduce the 
formula (calc. 68*85 0, and 11*5 11). Delffs, on the other hand, regards it as 

peiargonic acid, or 0’1D*0", which requires 68*36 C and 11*10 H. The 

silver-salt gives by analy.sis 35*7 per emit, silver (L. and P.); 27*1 (Mulder); 405 
(Delffs) ; jH'largoniite of silver contains 40*75 per cent. 

(Enautliic acid, wlicii distilled, first gives ofl‘ a mixture of water and the unaltered 
acid, afterwards f lic su-callcd unJiydrom cenmithic acidy in the form of a 

liquid, which begins to boil at 260° solidifies at 31°, and contains, according to Liebig 
and Pelouze, 73 3 — 71*3 C, and 12*2 If, Now, as peiargonic acid when heated distils 
altogether unaltered, .Taebi.g still regards amanthic acid as distinct from peiargonic 
acid. The. point, however, in quires further investigation, fus it is evident that neither 
tlie acid nor tho etlier has been obtained pure. According to Pischer (Ann* Ch. 
Pharm. cxv. 247), the so-called auianthic acid is a mixture of capric and caprylic acids. 

CbloroBnanthic Acid and Ether. Malaga ti (Ann. Ch. Phys. [2] Ixx. 363), 
by treating oenaiithic tither with clilorine, obtained a bitter, friigrant, syrupy liijuid 
sparingly soluble in alcohol, having a specific gravity of 1*2912 at 16°, decomposed by 
distillation, and containirig 37 *15 pm* cent. C, 5*30 If, and 48-66 Cl, whenco he deduces 
tho formula When <lecomposed by potash, it yields uii oily iicid containing 

45*2 — 43*4 per cent. C, 6*3 — 6*6 H, and 36*0 — 36*3 Cl, agreeing approximately witn 
the formula ^ ^ ^ 

I'or further details respecting all these compounds, see G^melirCs Hdndbookf 'Xi^’ 
455 — 460. , > 
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duced by tbe dry distillation of castor-oil; also, according to Peterson (Ann. 

Plijirni. Ixxxv. iiSl), together with propylic aldehyde and other products, by the 
dry distillation of sebate of calcium. 

jWporatfvn. — 1. The yellow oily distillate obtained by the dry distillation of 
•‘istor-oil is separated from the watery liquid and distilled with five or six times 
■fa bulk of water; the distillate, consisting of oenanthol, with small quantities of 
aL^ein, fcnaiilhylic acid and oily fatty acids, is shaken up with 6 pts. by weight of 
water, which dissolves out the greater part of the acrolein, and again distilled with 
uiire water, till no more oily liquid remains ; this distillate is shaken up with weak 
Liryta-water till it no longer exhibits an acid reaction, then decanted and distilled ; 
and tiie portion which goes over between 165° and 158°, is collected apart (below 150°, 
•ifTolein distils over). The puro oenanthol thus obtained is dehydrated by chloride of 
calcium (11 us Williamson). — 2. The product of the dry distillation of castor- 
oil is shaken up with a solution of carbonate of potassium, wluTcby a solution is formed 
wliich when heated to the boiling point yields the oenanthol as a separate layer on the 
tJiirfiice ; tliis lltpiid is removed and treated -with a moderatidy concentrated solution 
of acid sulphite of sodium, which dissolves the oenanthol and leaves an oily liquid 
smelling like a fixed oil. The solution on cooling deposits sulphite of oenanthol and 
sodium, which must be dried and decomposed with warm water containing hydro- 
chloric or sulphuric acid (13er tagnini). See also Delff s (Jahrosb. 18G0, p. 320). 

Properties. — CEnanthol is a transparent, colourless, very mobile liquid, of sp. gr. 
O S27. It has a strong, not unpleasant odour, and a taste sweet, at. first, but afterwards 
iK'rsisteiitly sharp. Refracts light strongly. Roils between 155° and 168°(Bu8sy); 

imd 156° (Williamson); at 155° (Tilley); between 151°and 152° (Stiidelor, 
Jidiivsb. 1857, p. 360). Vapour-density = 4'139 (Bussy); from 4-08 to 6-01 
(Uouis); by calculation 3*952. 

It dissolves very sparingly in imparting its odour, and mixes in all proportions 

with alcohol and ether. 

■\Vlieii moist oenanthol is exposed for some time to a low temperature, it yields 
colourless crystals of a h y d rate 2C’n*‘‘O.H‘*'0, smelling like oenanthol itself. (Bussy.) 

Dfcontpositions. — 1. When oenanthol is subjected to continued distillation, the 
boiling point rises, and the residue in the retort exhibits a greater amount of carbon 
('fillcy, Bouis). — 2. In contact with the air, it absorbs oxygen and turns sour; when 
Kluikcn up -witli oxygen^ it may absorb as much as 10 per cent. ; at the boiling point 
the absorption goes on faster (Bussy). — When amanthol which is kept cool, is 
gradually mixed with a quantity of bromine, sufficient to render the brown-red colour 
permanent, and repeatedly distilled with water, a colourless liquid is obtained, which 
turns brown when dried by cliloride of calcium, or over oil of vitriol, and after being 
freed fi’om dissolved hydrobromie acid l^y caustic soda, contains 40*90 per cent. C, 
(>•53 H, and from 44*6 to 45*7 Br (C’ll*’''BrO requires 43*6 per cent. C, 6*7 H, and 
41*4 Br). On distilling it with water, a brown resin remains in the retort. When 
amanthol is mixed with iodine and phosphorus, a violent explosion ensues (Limprieht). 

4. tblnaiithol is converted by cold nitric acid of ordinary strength into metewnan- 
tliol; when distilled with 2 pts, of a mixture of 1 vol. strong nitric acid and 1 vol. 
water.it is gradually converted into cenanthylic acid (Bussy). When oenanthol is 
heat ed wdth 2 pts. of strong nitric acid, great heat is produced, red vapours are given 
off, and the greater part of the oenanthol is destroyed (Bussy). When mnanthol is 
added by drops to strong nitric acid contained in a retort , a violent action takes place, 
aud a mixture of nitracrol (p. 58), cenanthylic acid, caproic acid and nitric acid distils 
ever, the liquid in the retort containing cenanthylic and caproic acids (Till ey). — 
5. With chlorine, oenanthol forms hydrochloric acid and chloroenanthol (Williamson). 
—6. (Enanthol dropped upon crystallised acid takes fire with violent explosion ; 

tliluie chromic acid converts it into cenanthylic acid (Bussy). — 7. With fuming oil of 
vitriol^ forms a conjugated acid, which yields crystallisable salts with baryta, lime, 
and oxide of lead (Bouis). — 8. AVhen repeatedly distilled over pJtoaphoric anhydride^ 
it yields cenanthylene (Bouis). — 9. With pmtachloride of phosphoriis, it becomes 
strongly heated, and yields a distillate, which when freed from oxychloride of phos- 
phorus by repeated washing with water, and from excess of oenanthol by agitation with 
acid sulphite of sodium, consists of nearly pure chloride of heptylene (Limprieht). — 
10. (Enantliol dropped upon fused hydrate of potassium gives off hydrogen, and forms 
ttuanthylate of potassium (Tilley). 

+ KHO « C-H«KO* + H*. 

xY^ixed with a strong aqueous solution of potash, considerable rise of tem- 
perature takes place, and a salt of ojnanthylic acid is produced, together with an oil^ 
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which is decomposed by simple distillation, and after being washed or distilled witli 
water, contains 7<>'l per cent. C and 12-4 per cent. H, and is therefore not cenaiithol. 
Heated with alcolndic potash, mnanthol yields cenanthylic acid, and an oil which wheii 
dried by chloride of calcium, contains 77*1 per cent. C and 12*7 H. (Williamson.) 

11. Distilled with quuklhm^ it yields a di.stillat0 containing heptyleno, octylene, 
nonyiene, and a hydrocarbon of still higher boiling point, also heptylic alcohol and 
CDiiMti thy 1-acetone, or he^syl-ocnanthyl, C'^H-^O. (Fit tig, Ann. Ch. Pharm. cxvii. 76.) 

12. An aleolioHe solution ofccnanthol, through which hydrochloric acid gasi in imm\ 
yields amaiithylate of ethyl (Tilley). — 13. (Erianthol reduces nitrate of silver ; when 
it is mixed with amnionia and nitrate of silver added, a wliite precipitate is formed, 
which is reduced by heating, and silvers the vessel. (Pussy.) 

14 (Ejianthol, gently heated with zinc-cthyl, forms a compound containing C**II”0 
together with hydride of ethyl and hydrate of zinc : 

4C^H''0 4- Zn(C*H*)* « 2C*^n‘“0 + 2CW + Znll-O* 


The eomponnd is not of constant boiling point. (Eioth and Beilstein 

Ann. Ch. Pharm. exxvi. 241.) * 

Coinhinations. o. With Ammonia.— Q3nnnthol ab.«orbs a large quantity of am- 
monia gas, forming at first a crystalline comiioiind, which afterwards liquefies and is com- 
pletely decomposed by water (Tilley, Limpricht.)— This ammoniaciil compound, 
gently heated with hydrocyanic and Ii^^drochloric acids (as in tho preparation of 
alanine from valerahlehyde, i. 63) )'ields a yellowish amorphous body, which crystallises 
from strong hydrochloric acid in needles, and appears to have the composition 
CW’NCP.HCl. (ErlennKjyer and .Schiiffor, Jahresb. 1863, p. 366.) 

i3. With Acid Sulphites of Alkali-inetahs. — (Eiianthol unites directly with 
these salts, forming more or less crystalline compounds, which may likewise be obtained 
by passing sulphurous anhydride into a recently prepari'd solution of mnanthol in 
alcoliolie ammonia, |)ol ush or .‘‘oda. 

The ammomirm-salt, C^H'^(N.TP)80*, forms small .shining prisms, sparingly soluble 
in water and in alcohol. They are decoTuposed by boiling with water, giving off ceimn- 
tliol, and leaving a solution of acid sulphite of ammoninm. Heated witli potash-lime, 
or by itself in a sealed tube to 260°— 270°, it yields tri-bcxylamiiie, C'"IP“N « 
N((Pn'=*)*. (Peterson and Gdssmann, Jahresb. 1857, p. 388.) 

Tile jiotassium-mlt is olitained as a puljiy mass, which gradually becomes crystalline, 
and separates from alcoholic solution in small needles. 

The sodium-salt, C’H*^f^aS0^2H‘‘’0, crystallise.s in very brilliant interlaced scales, 
unctuous to the touch, and exhaling the odour of cenantliol. They dissolve easily in 
water, either cold or wann, without decomposition, but tlio solution is decomposed by 
boiling, especially in prose, nco of an acid or an alkali, <lrops of (unanthol separating 
out. Hie crystals dissolve very easily in hot alcohol, hut are nearly insoluble in cold 
alcohol. 


Ihe }y][iieous solution forms with .salts of harium, lead, or silver, copious precipitates 
containing miianthol chemically combined . — Aunuonia added to the aqueous solution 
forms an abundant curdy {)recipitate, which soon disappears, oily drops collecting at 
file same time on the surface of the liquid. — The cold aqueous solution is not decom- 
posed by addition ot a l.arge quantity of sulphuric or hydrochloric acid, the compound 
ev'cii crystallising unaltered from an acid solution. Chloruir and bromine decompose 
It instantly at oi-dinary temperatures; iodine only with aid of heat. 

rRrcHLORfi';N,(iNTHOL, C’H "CPO, — Produced b}' the action of chlorine gas on oenah* 
thol. It IS a viscid oil lieavicr tlian water, and having an agreoable odour somewhat 
like uiat ot caoutchouc. It blHck<:n.s when distilled, giving oft’ hydrochloric acid. 

Sfetcenanthol. C’H“0. — T'hLs compound, isomeric with oenanthol, is produced 
by agitating the latter with nitric achl at 0° If the liquid be then left to itself :6)r 
24 hours, then poured into a shallow dish, and exposed in a cold place, metoenanthi^I 
IS obtained in beautiful crystals, which remain solid up to the tempera tiiro of 5° or 6® 
are inodorous, dissolve in boiling alcohol, and finally cirstallise again on cooliiig* 
The compound melts when heated, and boils at 230° It is not decomposed at 
niiiy temperatures by ammonia, potash or soda. (Pussy.) 


(EXrAMTTKTXi. CHI“0.~The hypothetical radicle of ocnant hylic acid and & 
derivatives. The same name is sometimes, but inappropriately, given to heptyl, 

cmonmn or. CHP^OCl. -Obtained by distilling iwiwr 
y 1C aeid with pentachlonde of phosphorus. It is decomposed by water into 
chloric and cenanthyHc acids. (Ca hours, Compt. rend. xxv. 724.) 

eSirAWTTHYZ., HTORlOa or. 8yn. with CEnanthol (p. 174). 
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IBM’B.WBTn«-iLCSTOirS. Sco CBnanthylone (p. 178) 

C^H'^NO =3 Asoture ^cenanthyle , — 

proiluc’fd by the action of ammonia on mnanthylic anhydride. Crystallises from a 
lujiling dilute alcoholic solution in small scales; occasionally, however, the crystallisation 
(Idcs not begin till some time after the solution has completely cooled, (Chiozza and 
Malerba, (rerhardCs Traite, ii. 728.) 

CDWAKrTHYMSWE- Syn. with IlEFTtT.ENB (iii. 14). 

CEWAIVTinrUC AXSXO. C'H»0* = (Laurent, Ann. Ch. 

rhys. Ixvi. 173 . — Tilley, Ann. Ch. Pharm. xxxix. 160; Ixvii. 106. — Pussy, .1. 
riianii. [3] viii. 320. — Schneider, Aim. Ch. Pharm, Ixx, 1J2. — Arzbacher, ihhl. 
cxxiii. 200. — Prazier and Gossletli, ibid. Ixxvi. 268). — This acid was hrst obtained 
|iy Jijiurent in an impure state, and called a^oleia acid ; Eerzelius called it aboldc acid. 
It, oooiirs in the fusel-oil of spirit prepjired from maize. 

K is produced by the oxidation of cenanthol in tho air, or in oxygen gas, or when that 
eoTii{)Ound is boiled wdtli nitric acid (Pussy, Tilley), or with chromic acid (Brazier 
and Goss loth); also by boiling castor-oil with dilute nitric acid (Tilley), or with 
clironiie acid (Arz fie lie r); by heating the distillate obtained from castor-oil with nitric 
iu;id (Sohueidcr, Ann. Ch. Pharm. Ixx. 112), or that from olcicacid with strong nitric 
acid (Laurent, Redtenbacher,Hx. 41) ; by oxidising heptylic alcohol with chromate 
of potassium and sulphuric acid (Schorle minor, Proc. Roy. Soc. xiv. 171); by tho 
action of nitric acid on Chinese wax, (Buck ton, Chom. Soc. J. x. 166); on azelaic 
acid, and on spermaceti (Arppe, Ann. Ch. Pharm. cxx. 288) ; by tho action of potash 
on (enanthol (Pussy, p. 175); and by molting sebaeic acid with potash (Koch. Ann. 
Cli. i'harm. cxix. 173). 

Vrqxtration . — 1 pt. of oenauthol is distilled with 2 pts. of a mixture of 1 vol. 
strong nitn(! field and 2 vol. water till tho greater part has passed over; the oily dis- 
lilliitc decanted from the acid water is saturated with baryta-water and evaporated to 
the cryst.fillising point; and the barium-salt which crystallises out is decomposed by 
sulpliuric or pliosplioric acid ; tho mnanthylic acid then rises to the surface in tho form 
of ii colourless liquid. An additioual quantity of ajiianthylate of barium may bo 
o1)i iii lied by wjjshing the residue in tho retort with 'water, which extracts oxalic and 
iiiiric jicids, and neutralising with baryta-water. (Pussy.) 

2. A iiiixturo of 1 pt. castor-oil and 2 pts. of nitric acid, diluted with an equal bulk 
of Wilier, is licated in a retort; a violent action then takes place, so that the retort 
rmi.^l bo removed from tho tiro till it dimini.shes, after which the distillation is con- 
tiniK'd for several days. Tho receiver contains the oily acid ; tho retort, tho watery 
liquid mid a thick fatty substance which, when distilled with water, yields a largo 
fiddilioniil quantity of tho oily acid. The product is washed with water, distilled 
with water, and dried by fused pho.sphoric acid, (Tilley.) 

Proper ties . — (Enanthylic acid is a transparent colourless oil, having an unpleasant 
odour like that of cod-fish, faint in the cold, but becoming stronger at higher tempera- 
turoH, and a pungent exciting taste. It begins to boil at 148°, but decomposes and 
blackens when subjected to continued distillation (Tilley) ; boils at 212° (Strecker), 
Li'brb. V. 96), According to Stiideler (Jahresb. 1857, p. 148), it has a specific 
gravity of ()-91G7 at 24°, and boils at 218° It dissolves in strong nitric acid, and is 
precipitated therefrom by water. It is soluble in alcohol and in ether. 

DmmipositioTis. — 1. (Enanthylic acid bums with a white flame (Tilley). — 
2. Heated with soda-ley it forms a neutral oil (Arzbacher). — 3. Heated vf’ith. potash-lime 
it yields gaseous and liquid hydrocarbons of the formula C"H2“ (0 a hours, Compt. 
rend. xxxi. 141). — 4. Heated with baryta, it yields a hydrocarbon boiling at about 
58°, and having the composition of hydride of hexvl, C*H‘^ (Riche, Jahresb. 1860, 
p. 249). — 6. When distilled -with pentachloride of phosphorus, it yields chloride of 
iBnsinthyl (Cahours, Compt. rend, xxv, 724). — 6. A concentrated solution of oenan- 
tliylato of potassium decomposed by a current of six Bunsen’s cells, gives oflf hydrogen 
and carbonic acid, while neutral acid and carbonate of potassium are formed, and an 
oil rises to the surface, which when distilled with potash, leaves oenanthylate of potassium 
and yields a distillate consisting mainly of hex^ and a hydrocarbon, boiling at 

170 °. (Brazier and Gossleth.) 

iEiTANTHYLATES. C’H'*MO and ammoniwm and potassium 

safis are very soluble in water. — The barium-salt, (prepared as above) 

forms white nacreous scales or lancet>shaped tablets. It has a faiot, slightly bitter 
taste, exhales an odour of perspiration when rubbed between the fingers ; dissolves in 

pts. water, at 23° (Bussy), very easily in hot water, still more easily in hot alcohol 
of 85 percent. (Arz b Sc her); insoluble in ether . — The copper-salt separates after a 

Vol, IV. ' N 
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while from a mixture of the free acid with cupric acetate, m needles ha^ng a fine 
green colour and silky liistre.-The Uad-salt is precipitated by neutral acetate of lead, 
from a solution of ccnantliylate of potassium, as a lemon-yellow powder, insoluble in 
water but soluble in boiling alcohol, whence it s(^paratcs m small scales on cooling.^ 
The silver-snlt C^H'*AgO^ is obtained on adding nitrate of silver to the acid neutralised 
with ammonia,’ as a white precipil ate, insoluble in water, and turning brown on expo- 
sure to light. Hy dry distillation, it yields an oil, and a solid substance which 
crystallise.? in needles from hot alcohol ; both are acid. ^ 

CBWAWTKVI.1C AZTKYSRZDB. | 0. — 0 / 

aCnanih/L Anhydrous (Ennnthylic add. (Ohiozza andMalerba, Ann. Ch. Pharm, 
xei. 102). — Produced by the action of pentachlori<le of phosphorus on cenanMiylate 
of potassium. It is a colourless oil, of specific gravity 0-91 at 14°. At ordinary 
temperatures it has a faint odour, like that of caprylic anhydride. It gives out an aro- 
matic odour wlion heated, and smells rancid if k(*pt in badly closed vessels. 

With alkalis it behaves like other anhydrides, and Drith caustic ammonia it yields 
cenanthylaraide, N.OUI'^O.H*. 

iBITAXBrTHYBZC ETHERS. 1. Q^ynanthylatc o f Ethyly 
obtained by passing hydrochloric aeid gas through an alcoholic solution of cBiianlhylic 
acid (Tilley), or eenanthol (Williamson). It is a colourless oil, lightertluin water, 
and solidifying in a freezing mixture ; has a pleasant fruity odour; is insoluble in water 
but dis.solves easily in alcohol and ether; distils easily but with constantly rising 
boiling point ; burns with a clear but fuliginous flame. 

2. CSnanthylatf'. of Phenyl, OTP)!)-, produced by the action of chloride 

of oenanthyl on phenylic alcohol, is an oil boiling between 27o° and 280°. (Cahours, 
Compt. rend, xxxviii. 207.) 

CEHAlffTHYXiO-BEia-ZOZC ASrHYERZDE. C^H‘30.C’H*O.O. — See Benzo- 
cENANTiiYuc Anhyduide (i. 658). 

CBM'AXrTHYEO-CVMZlirZC AETHYERZBE. OTI>*0.C‘®H"0.0.— See CuMlX- 
CENAXTIIYLIO ANHYDimiE (ii. 180). 

CBlO’AirTKYXiOR’E. (Enanihyl-acctonc. (Uslar 

and Seokam|), Ann. Oh. Pharm. cviii. 179.) — Produced by the dry distillation of 
oenanthylato of calcium, and purified by rectification and crystallisation from alcohol. 
It crystallises in largo colourless laminae, of specific gravity 0'82f5, melts at 30°, solidifies 
again at 29*6°, boils at 204°. 

Tilley (Ann. Ch. Pharm. Ixvii. 110), by heating X pt. of ociiantliol with 5 or 6 pts. 
hydrate of potassium, obtained an oil boiling at 120*^, and (iontaining 79*3 percent, 
carbon and 13*3 per cent, hydrogen. To this compound Tilley assigned the formula 
(requiring 78*2 per cemt. C, 13*3 H, and 7*5 oxygen), designating it as hydride 
ofcEnanihyl. Gin el in {IlandhooJc, xii. 451) suggests that it may be oinanthylone, 
tlio formula of whicli requires 78'8 per cent. C, 13*1 H, and 8*1 O. 

aSRARTHYE-SVX.PHURZC ACZE. Syn. with Heptye-sulphurio Acid 
(iii. 119). 

CSErAErTBYX.OVS ACZE. Syn. with GInantiiic Acid (p. 174). 

CBXSrOE. Syn. with Mesitylene (Berzelius). 

ffiEOXiZXir. C'®1I’®0\ — A colouring matter obtained from red wine by precipi- 
tating with luusic acetate of lead, exhausting the dried precipitate with ether containing 
hydrochloric acid, then with pure ether, digesting the air-dried residue with alcohol, 
and mixing the concentrated alcoholic solution with water. QSnolin is then precipitated 
in a mass, which is brown-red while moist, nearly black when dry, but yieMa a yiolet- 
red or brown-red powder; it is nearly insoluble in pure water, more soluble in watpr 
containing vegetable acids, easily soluble in alcohol, insoluble in ether. It foww* 
lead-compound containing OTH‘*‘Ppb"0'®. (Glenard. Compt rend, xlvii. 
Jahresb. 1851, p. 476.) 

; ffilV onf ETBR. A hydrometer specially adapted flor determining the 

fibeiigth of wines. 

CBSTYE. Syn. with Mesityl. 

CR8TEETZTE* A silico-titanate of zirconium occurring at Arendal in 
TOmmonly in crystals of pyroxene, in dimetric crystals in which P : P *■ 128 ? 
Hardness 5*6. Specific gravity = 3*629. It is opaque or subtranslucentAJ®^ 
reddish-brown colour, and splendent adamantine lustre. Infusible belbre the- 
^and according to Berzelius, gives a trace of tin. Contains, 

(I’ogg- Ann. xxjfv. 680), 19*71 per cent silica, 6879 
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anhydride and zfrconia, 2*61 lime, 2*05 ifiagnesia, 1*14 ferrous oxide, and 6*52 water 

100 ). 

OFF A HfiliXIIOlirTIX. An old name for acid carbonate of ammonium precipitated 
ly alcohol from aqueous solution. 

OCSOXTS. See EiprooLiTE. 

OX£ O.AS- When a fat oil is made to fall in drops on iron or earthenware at a 
low red lieat, it is for the most part resolved into a gaseous mixture of ethylene, inarsh- 
gas, hydrogen, carbonic oxide, and the vapours of benzene and certiiin ompyroumatic oils. 
The gas thus obtained is far superior in illuminating power to coal-gas, and wfus 
mamifactured some years ago on a somewhat considerable scale, and sold, condensed in 
strong iron cylinders, as “ portable gits;” but the process was not found profitable, and 
has been long since abandoned. For a description of it see Ure*s Dictionary of 
Chemistry, 4th ed. p. 642. 

OXlbf GEN'ESSZSXiy or SEXTECA. A name sometimes applied to American 
petroh-um, because it was formerly collected and sold by the Seneca and other Indians. 

OlXt, nXXXrEX^AXi. See Petuolbum. 

0X1^ OF VXTEXOXi. Strong sulphuric acid. 

OXE OF WXXTE. See Etuehtn (ii. 507). 

DIES. The term *‘oil* was originally applied to certain well-known neutral com- 
pounds occurring in the bodies of living plants and animals, and possessing the following 
pniportics : — They are liquid at common temperatures; have a more or loss viscid con- 
sistence ; are insoluble or nearly insoluble in water, but dissolve more or less readily 
in alcohol, very easily and in all proportions in ether ; take fire when strongly heated in 
the air, and burn either alone or by means of a wick, with a more or less fuliginous 
fiaiijc. There are many other liquids possessing the peculiar consistence called “oily,’* 
naniely, some numibers of the fatty acid series, butyric, valerianic, caproic acid, &c., 
many organic bases, as the higher honiologiies of ethylamlne, certain natural alkaloids 
—nicotine and eonine for example — and most of the compound ethers. But when we 
speak of an “oil” wc generally mean a noiilral body, formed liy natural processes in 
(lie living animal or vegetable organism, and possessing llie properties just specified; 
aiid ill that, sense the word will be used in the present art icle. 

Natural Oils are divided into two groat classes, fat or fixed oils, and volatile or 
essential oils. 

A. — Fat ok Fixed Oils. 

These bodies exhibit very great similarity of chemical composition, most of them 
being glycerides, and resolvable by saponification into glycerin and certain fatty 
Jirids, chiefly stearic, palmitic and oleic acids. They further resemble one another 
in not being capable of distilling without decomposition, by which character, as 
well as by their composition, they are easily distinguished from the volatile oils. Fat 
oils are divided into drying and non-drying oils. The former thicken when ex- 
posed to the air, absorbing oxygen, and being ultimately converted, if spread over a 
largo surface, into a yellowish, transparent, sujiple membrane or varnisli. This property 
renders them available for the; preparation of varnishes and oil-colours. To this class 
belong linseed, nut, hemp and poppy oils ; they contain an olein dilFerent from that 
of the non-drying oils, and yielding by saponification, not oleic, but linoleic acid or an 
acid similar thereto. 

The non-drying oils are likewise gradually altered by exposure to the air, though in 
a different manner. They turn rancid, that is to say, they acc^uire an acrid, disagreeable 
taste, graduaUy lose their colour, and to a certain extent their fluidity, and acquire the 
power of reddening litmus. This alteration — which never takes place in pure glycerides, 
such as stearin, palmitin or olein, or in mixtures of them — is due to the presence of 
foreign matters, namely, the cellular substance of the plant or animal from which th^ 
oil has been extracted. These substances act as ferments, and give rise to the decoi^*' 
position of a small quantity of fatty matter in contact with them, the palmitic, oiLei&; 
acid, &c., of this portion of the oil being then set free, and small quantities of 
Volatile acids (butyric, valerianic, caproic) being formed at the same time, prq^M^y 
from atmospheric oxidation. By exhausting rancid, oils with boiling watei^,vaha 
treating them in the cold with a weak alkaline solution, they may be freed from these 
products of decomposition and restored to their original state. 

The mode of occurrence of fat oils in the bodies of plants and animals, their decom- 
position by distillation, and their reactions with alkalis, acids, &c., have already been 
described under Fats and G^lXobhipbs. The individual oils are described in their 
respective alphabetical places. For the methods of eartraction on the large scale, and 

n2 
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purification, see XJrc^s Diet, of Arts, &e. iii? 27G. The following table exhibits a list 
of the principal vegetable fat oils, together with their specific gravities and solidifying 
points, so far as they have been det^Tmined. The specific gravities marked with an 
asterisk are according to determinations (taken at 15°) by Clooz (Bull. Soc. Chim. 
1865, p. 46) : the rest, and the soliditying points, are taken from GmelirCs Handbooh. 
The luimljcrs in the last column denote the temperatures at which the oils become 
p(‘rfoefly solid: m'arly all of them, however, become viscous or semi-solid at tempera- 
tures somewhat higlier. 


Name of Oil. 


Name of plant wlvich 
yields it. 

.Specific 

gravity. 

S(>lidiryin» 

point. 

Lepidium sativum 

0-924 

~ 16° 

Atropa BcUadonna . 

0-925 

- 27-5° 

Cauidina sativa 

0-93075* 

- 19° 

Cueurbiia Pepo 

0-9231 

- 15° 

Vitis viriifera . 

0-9202 

- 11° 

Cnn nnbis .<iativa 

0-93075* 

o 

1 

Hcsperi.'i uiaironalis . 

0-9232 

below — 150 

Linum risitaiis.^imum 

0-93515* 

below — 20° 

Nadia sativa . 

0-928() at 15'’ 

b(!low — 10° 

Pa paver somniferum 

0-92702* 

- 18° 

IJdianthus avnuus . 

0-92501* 

- 16° 

Piniis si/lvcstris 

0-9312 

- 30“ 

Abies Picea. Doc. . . 

0-926 


Abies excelsa. Dec. 

0-9283 

below — 16° 

. 

0-904 


Nicotiana Tahactim . 

0-9232 

- 15° 

Juglans regia . 

0-92878* 

- 18° 

lieseda luteola . 

0*9368 

below — 16° 

Amygdahis communis 

0-91844* 

- 21° 

Vagus sylvatica 

0-923 

- 17-5° , 

Duteafrondo.'ia 

0-917 

+ 10° 

CalojihyUiim inophyllum . 

0-942 

+ 6° 

CanaHurn commune . 


+ 6 to - 2*5° 

liicmus comnninis 

0-9639* 

- 18° 

Gossypium barbadense 

0-9306 


lirassica carnpestris oleifera 

0-9136 at 16° 

- 6-25° 

Croton Tiglimn 

0-94263* 


Cyperus escidentus {^root) . 

0-918 


DapJine Mczcretim . 

0-914—0-921 


Arachis hypogaa 

0-918 


Secale aornutum 

0-922 

- 37° 

Coryhis Avellana 

0-91987* 

- 19° 

Ilyosvyamus nigra 

0-913* 


Msaulus Hippocasianum . 

0-915 

+ 8° 

Mesua ferrea , 

0-954 

+ 5° 

Sin apis nigra , 

0-92102* 

below 0° 

Sinapis alba , 

0-93383* 

docs not solidify 

Nigdla sativa , 

0-92 

+ 2° 

Pinus quadrifolia 

0-935 


Petrosdinum sativum 

1-078 at 12° 

( becomet turtiid 
( at^l-iObiitdoM 

Prunus doTrmtica 

0-9127 

( not solidify 

- 8-7?^ 

Pongamia glahra 

0-915 

+ 80; 

Brassiea proicox 

0-91555* 


Brassica Napics . 

0-91648* 

a little 

Sesamum orientate . 

0-92416* 

. - 

Kuonymus europ<eus . 

0 95717* 


Etiphiirbia Bathyris . 

0 92613* 

-■ft#';;: 

Sterculia feetida 

0-923 

below;.', 

Thea and Canudlia . 

0-927 

1 ? 


1. Dhylnq Oils. 
Cress-s(’ed oil . 

Oil of Deadly Nightshade . 
Oil of Gold-of- rieasure seed 
Gourd-seed oil . 

Grape-seed oil . 

Hemp-seed oil . 

Oil of Honesty . 

Linseed oil 
Oil of Mudi 
Poppy oil 
Sunflower oil . 

Oil of Scotcli Fir seed 
Oil of Silver Fir cones 
Oil of Spruce Fir 
Ftitty oil of Spruce Fir 
Tobacco-seed oil 
AVulnut or Nut oil 
Weld-seed oil . 

2. Non-Dhying Oils 
( Vegetable). 

Almond oil . , 

Bcech-nut oil . 

Oil from seed of 
Oil from seed of 
Oil from seed of 
Castor-oil . 

Cotton-seed oil 
Colza-oil . 

Croton-oil 

Oil of Cyperus-gra.ss 
Oil of Daphne {Olvum^ 
seminum Coecognidii) ^ 
Earth-nut oil , 

Ergot-oil , 

Hazel-nut oil . 

Henbane -seed oil 
Horsechesnut oil 
Mesua-oil . 

Black mustard oil 
White mustard oil 
Oil fi*om seed of 
Oil from root and seed of 

Parsley-oil 

Plum-kernel oil 
Oil from seed of 
Summer Kape*seed oil 
Winter Kape-seed oil 
Sesam4-oil 
Spindle-tree oil 
Spurge-oil 
Oil from seed of 

Oil from various kinds of 



OILS : FAT OB FIXED. 


181 


Clu^'Z {he. cit.) finds that drying oils exjx)sed to the air for 18 months increaso in 
by about 7 or 8 per cent. (10 grms. linseed oil increased to 10‘703 ; 10 grins, 
oil to 1()’705; 10 grms. hemp oil to 10*778) ; non-drying oils, which thicken but 
Jib'’ lit ly on exposure to air, gain from 3 to 5 per cent. (10 grms. olive oil increased to 
10^72 ; almond oil to 10*469 ; castor oil to 10-268 ; horse-chesnut oil to 10-542) ; 
those wliicli thicken considerably, such as rape, croton, and mustard oils, gain in tho 
Slime time from 6 to 7 per cent. 

3. Kish Oils. These arc non-drying oils, obtained from fish and cetaceous animals : 

tiny have usually an offensive rancid odour, arising from tlie jieculiar disposition 
above mentioned. When exposed to cold they for the most part deposit solid fats, 
palniilin, ectin, &c., while olein and other similar fats remain in the licpiid state. 
vSjKTm oil yields by saponilic-ation, physetoleic acid and cthal, or cetylic alcohol. Tho 
most important of these oils are sperm oil, occurring, together with spermaceti, in 
(Vj-fain ciTcbral cavities of the sperm-whale {PJi^/seter macrocrphahis) \ whale or 
train oil, from the blubber of Balana my.'iticrtKs and other whales ; seal oil ; sea- 
calf oil; shark oil, from Squalus maxi mu s ; pilchard oil; porpoise oil, 
from phoctm ; dolphin oil, from Ddphmus gloUccps ; c o d - 1 i v e r oil, 

from the liver of various species of Gadns ; ray- liver oil, from the livers of i?aya 
clavataaml R. haiis ; and burbot oil, from the liver of Gadus Lota or Lota vvdgaris, 
All these oils will be found described in their alphabetical places; cod-liver oil as 
Oleum. Jkcoris Aselli, dolphin-oil as I)Ei.riiiN (ii. 309). 

4. Other Animax Oils. — a. Oil of Ants. The residue left on distilling ants with 
wjilt'r, yields by jircssure a yellow or reddi.sli-brown fatty oil, which fioats on waterand 
solidifies at a moderate degree of cold. 

/3. Oils f rom Egg-yolh . — The yolk of eggs hard-boiled and warme^ yields by pres- 
sure, and by exhaustion witli ether, two fatty oils of different constitution. The oil 
obtained by pressure is reddish-yellow, viscid, neutral, and has little or no taste. It 
generally deposits a solid fat and solidifies at 4*^ " 6° to a granular mass, which W'hen 
lid't to tb-’iiin on a filter loaves a solid fat melting at 66°. Tho oil freed from this fat 
is thicker than liusood oil, an<l solidifies to an amorphous ma,ss at 0°(Planche, 
J. riiarm. i. 438). It contains of choh'-sterin (Lecauu, iind. xv. i.) ; also volatile 
ncul.s (K,ed tenbacher). The oil extract ed by ether has a fine pure yellow eoloiu’, 
>iji iicrid taste and an unplea.sant odour, absorbs oxygen, and contains in addition 
fi) till? true oil, a vi.scoiis substance similar to or iilontical with lecithin (iv. 6G6), which 
rniiy be sepnrated by filtration and pressure. The oil thus purified and likewise that 
which is <:‘xtracti>d from the yolk by pressure, solidify at —6° to a granular mass con- 
fainirig cliolo.‘«it('riij. Both oils, when exjmsed to the cohl, deposit a mixture of marga- 
lin, cJidlestcrin, and colouring matter. They arc free from phosphorus and sulplnir, 
and differ from other oils only by containing colouring matter and cholcsterin. (Gob- 
Icy, J. riiarm, [3] ix. 12.) 

7 . Lard oil. — A nearly colourl('s.s oil obtained by pressing -hog’s lard, and used 
for greasing wool. Specific gravity, 0-915 (Chevreul) 100 pts. boiling alcohol 
dissolve 123 pts. of it. According to Br aeon not, lard yields 0*62 of its weight of 
this oil. 

5. N/at's-foot oil. — The feet of oxen, after the hair and hoofs have been removed, yield 
wlh'ii iMjiled with water a peculiar fatty matter, which after awhile deposits a semi-solid 
fat leaving an oil which doe.s not solidify at 0° C., and is not liable to become rancid. 
This oil is used for many purposes, e.specially for oiling church clocks. 

f. Oil of Silk'wor?n.'i . — Obtained by exhausting the caterpillars with alcohol and 
washing the extract with hot water. It is brownish-groen ; lighter than water; neutral; 
remains liquid at 0°; dissolves easily in cold alcohol and ether; is easily eaponilied by 
potiLsli, le.s8 easily by lead-oxide, yielding stearic acid and a liquid acid, probably 
oleic. (Lassaigne, J. Chem. Med, xx. 471.) ' 

Adulteration of Fat oils . — The difference in price of the several fat oils often 
gives rise to fraudulent admixtures ; thus the best olive oil for table use is some- 
tini os mixed with inferior oils, such as poppy, sesam^, or earth-nut oil; olive oil inten- 
ded for manufacturing purposes is adulterated with colza oil ; the latter, sometimes 
with pojipy, linseed, or more often with ^hale oi^ &c. The methods of detecting these 
adulterations are not very satisfiictory. 

befebvre proposes to distinguish fat oils by their density, and has constructed for 
jhis purpose a hydrometer of peculiar construction, called an oleometer, having a very 
large cylindrical bulb and a very long stem, on which are inscribed densities from 0*8 
to 0-94 for the temperature 15°, each density eorreislponding to that of a commercial 
od, e.g. 0-917 to olive oil, 0*926 to poppy oil, 0*939 to linseed oil, &c. An ordinary 
centesimal alcoholometer' may also be used for the pnrpiwe. The difference of density 
hL'tvvecn different fat oils is, however, not sufficiently great to enable them to be 
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.mrification, see Un’s DM. of Arts, &c. iiS 270 The foUoivJng table exhibit* a liat 
y the principal vegetable fat oils, together with their specific gra^ties and solidifying 
wintsCfaJ as ttey have been deUrmined. The specific cavities marked wit i an 
yterisk are aceordihg to detomiinations (taken at 15®) by Cloez (BuU. Chiia. 
1865 P. 46) : the rest, and the solidifying jioints, are taken from Gmcfm a Har^book. 
The imiiibiTS in tho last coliiinn denote the temperatures at which the oils become 
Holicl: nearly all of them, however, become vdscous or scmi-solid at tempera- 
turos SO Hie what liiglicr. 


Name of Oil. 


Name of plant which 
yioUlK it. 


1. Drying Oils. 


Specific 

gravity. 


Solidifying 

point. 


Cress-seed oil . • • 

Oil of Deadly Nightshade . 
Oilof Gold-of-l‘le.usure seed 
Gourd-seed oil . 

Grape-seed oil . 

Hemp-seed oil. 

Oil of Honesty . 

Linseed oil . - • 

Oil of Madi . • 

Poppy oil ... 
Sunflower oil . 

Oil of Scotch Fir seed 
Oil of Silver Fir cones 
Oil of Spruce Fir 
Fatty oil of Spruce Fir 
Tobacco-seed oil 
Walnut or Nut oil 
Weld-soed oil . 

2. Non-Dryinq Oils 
( Vrgetable), 

Almond oil . . . 

Beech-nut oil . 

Oil from seed of 

Oil from seed of 

Oil from seed of 

Castor-oil .... 

Cotton-seed oil 

Colza-oil .... 

Croton-oil 

Oil of Cyporus-grass . 

Oil of Daphne (Oleum) 
seminum (Joccognidii) J 
Earth-nut oil . 

Ergot-oil .... 
Hazel-nut oil . 

Henbane -seed oil 
Horsechesnut oil 
Mesua-oil . . 

Black mustard oil 
White mustard oil . 

Oil from seed of 

Oil frrom root and seed of 

Parsley-oil 

Plnm-kernel oil 
Oil from seed of 
Summer Rape* seed oil 
Winter Rape-seed oil 
Sesam6-oil 
Spindle-troo oil 
Spurge-oil . , 

Oil from seed of 

Oil from various kinds of 


L(‘ 2 >idimn sativum 
Ati'opa lielUuhmna 
Camelina saii va 
Cuvurhiia IVpo 
Vitis vinifera . 
Cannabis sativa 
Ties per is Via I ron alis 
Jd n mn. u si tat i ssi ni u m 
Madia sativa . 
Papaver sonmiferutn 
HeUanthus an n u us 
Pinns si/Tvistris 
Abies Pieea. Doc. 
Abies excclsa. Dec. 

Nicotiana Tabacum 
Juglans ngia . 
Reseda luteola . 


Amygdalus communis 
Fag us sylvatica 
Butea frondosa 
Cedop 'hyllum mophyllum . 
Canariimi covimune . 
Ricimis communis 
Oossypiuni harhadense 
Brassica campestris oleifera 
Croton Tiglium 
Cyperus csaulentus (root) . 

Bapdine Mezereum . 

Araehis hypogeca 
Seoul e. cor nut am 
Corylus Avellana 
Ilyoscyamus nigra 
MscaiIim Hippocastanum . 
Mesua ferrea , 

Sinapis nigra , 

Sinnpis alba , 

Nigella sativa . 

Pinics quadrifolia 

Petroselinum sativum 

Prunus domestka 
Pongamia glabra 
Brassica 'moicux 
Brassica Napus 
Sesamum orimtale 
Ewmymus eunyp<BUs 
Euphorbia Lathyris 
Sterculia feetida 

Thea and Canvdlia 


0'924 

- 16° 

0-925 

- 27-6® 

0-98l)75* 

- 19® 

0-9231 

- 15® 

0-0202 

- 11® 

0-93075* 

~ 27-5® 

0-9232 

b(0f)W — 15° 

0 93515* 

below — 20° 

0-9280 at 15° 

bf'low ~ 10° 

0-92702* 

- 18° 

0-92504* 

- 16® 

0-9312 

- 30° 

0-920 

0-9283 

0 

I 

1 

0-904 

0-9232 

- 16° 

0-92878* 

- 18® 

0-9358 

below — 16° 

0-91844* 

- 21® 

0-923 

- 17-6® , 

0-917 

+ 10® 

0-942 

+ 5® 

0-9639* 

+ 6 to - 2*5° 
- 18° 

0-9306 

0-9136 at 16° 

- 6-25° 

0-94263* 

0 918 

0-914— 0'921 

0-918 

0-922 

- 37® 

0-91987* 

- 19® 

0-913* 

0-915 

+ 8® 

0-964 

+ 6® 

0-92102* 

below 0° 

0-93383* 

does nut solidify 

0-92 

+ 2° 

0- 936 

1- 078 at 12® 

( becomof tdirNd 
{ at~iac>liutdpM 

0-9127 

( not solidify 

- 8-7® 

0-915 

+ 8® 

0-91566* 

a llctto below# 

0-91648* 

0 92415* 

- 6® 

0 96717* 


0-92613* 


0-923 

below .- 0 ;^ 

0-927 

1 
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Clurz {he. cit.) finds that drying oils ex{K)sed to the air for 18 months increase in 
weight by Hboiit 7 or 8 per cent. (10 grins, linseed oil increased to 10*703 ; 10 grins, 
puppv oil to 10*705; 10 grms. hemp oil to 10*778) ; non-drying oils, which thicken but 
fciiightly exixjsnro to air, gain from 3 to 5 per emit. (10 grms. olive oil increased to 
10^^72; almond oil to 10‘459 ; castor oil to 10'2(>8 ; hora(‘-chesnut oil to 10*642); 
fliose which thicken considerably, such as rape, croton, and mustard oils, gain in the 
same time from 6 to 7 per cent. 

3. Fi.sh O11.S. These are non-drying oils, obtained from fish and cetaceous animals : 
they imve usually an ofTonsive rancid odour, ari.sirig from tlie peculiar disposition 
al)ove mentioned. When exposed to cold they for tlie most part d(!posit solid fats, 
palniitiu, cetin, &c., while olein and other similar fats remain in the liquid state. 
,Sj)(‘fm oil yields by saponification, pliy.sctoloic acid and ethal. or cetylic alcohol. The 
most important of these oils are sperm oil, occurring, tog(>tlier with spermaceti, in 
cvM-tain Cerebral cavities of the sperm-whale {1*h/8rter macroc/phalus) \ whale or 
trii ill oil, from the blubber of Balana mysimtu.^ and other whales ; seal oil ; sea- 
calf oil; shark oil, from Spied us 'niuximua ; pilchard oil; porpoise oil, 
from Dcphinus phociea ; dolphin oil, from Ddpfiinus gloUccps ; cod- liver oil, 
from the liver of various species of Gad us ; ray-liver oil, from the livers of 

cla cuta axid R. hatis ; and burbot oil, from the liver of Gadus Lota or Lota vidgaria. 
All these oils will be found described in their alphabetical places: cod-liver oil as 
Olei'M Jkcuris A.seixi, dolphin-oil as Belpiiin (ii. SOD). 

4. Other Anijuae Oils. — o. Oil of Ants. The residue left on distilling ants with 
water, yii'lds by pressure a yellow or reddish-brown fatty oil, which floats on water and 
solidifies at a moderate degree of cold. 

jS. Oils from FAjg-yolk . — The yolk of eggs hard-boiled and warmed, yields by pres- 
8iiro, and by exhaustion with ether, two fatty oils of different constitution. The oil 
obtained by pres^sure is reddish-yellow, viscid, neutral, and has little or no taste. It 
generally thqiosits a solid fat and solidifies at 4" — 6° to a granular mass, which When 
left to drain on a filter leaves a solid fat melting at 56^. The oil freed from this fat 
i.s thicker than liii-seed oil, and solidifies to an amorphous mass at 0*^ (Planche, 
J. Piiarm. i. IBS). It contains of cholc.sterin (Lee anu, ibid. JLY.i.); also volatile 
iici<J.s (Red ten bach er). The oil extracted by ether has a fine pure yellow colour, 
jui iici’id ta.^te and an iinplea.sant odour, absorbs oxygen, and contains in addition 
to the true oil, a viscous substance similar to or identical with lecithin (iv. 566), which 
limy ]>(• sepn rated by filtration and pressure. The oil thvis purified and likewise that 
wliich i.s extracted from the yolk by pressure, solidify at —6*^ to a granular mass con- 
f.iiiiing choic.stcrin. Both oil.s, when exposed to the cold, deposit a mixture of marga- 
liii, chole.storiii, and colouring matter. They are free from phosphorus and sulphur, 
and dilfer from other oils only by containing coloui'ing matter and cholestorin. (Gob- 
Icy, J. riiann. [3] ix, 12.) 

7. Lard oil , — A nearly eolourles.s oil obtained by pressing hog’s lard, and use<l 
f(a* greasing wool. Specific gravity, 0*916 (Chevreul) 100 pts. boiling alcohol 
dissolve 123 pt.s. of it. According to Br aeon not, lard yields 0*62 of its weight of 
this oil. 

5. Nrai's-foot oil . — The feet of oxen, after the hair and hoofs have been removed, yield 
whmi boiled with water a peculiar fatty matter, which after awhile deposits a semi -solid 
fit leaving an oil wliich does not solidify at 0*^ C., and is not liable to become rancid. 
Thi.s oil is used for many purposes, especially for oiling church clocks. 

f. Oil of Silkworms, — Obtained by exhausting the caterpillars with alcohol and 
vrasliing the extract with hot water. It is brownish-green ; lighter than water; neutral; 
remains liquid at 0°; dissolves easily in cold alcohol and ether; is easily saponified by 
liotash, less easily by lead-oxide, yielding steaidc acid and a liquid acid, parobablj^ 
Okie. (Lassaigne, J. Chem. Med. xx* 471.) ' 

Adulteration of Fat oils . — The difference in price of the several fat oils often 
jnves rise to fraudulent admixtures; thus the best olive oil for table use Is some- 
times mixed with inferior oils, such as poppy, sesam^, or earth-nut oil; olive oil inten- 
fled for manufacturing purposes is adulterated with colza oil; the latter, sometimes 
^ Jth poppy, linseed, or more often with Whale oil, &c. The methods of detecting these 
adulterations are not very satisfactory. 

Lefibvre proposes to distinguish fat oils by their density, and has constructed for 
this purpose a hydrometer of peculiar construction, called an oleometer, having a very 
urge cylindrical bulb and a very long stem, on which are inscribed densities from 0*8 
9 0*94 for the temperature 15 ®, each density corresponding to that of a commercial 
o>l. f’.g. 0*917 to olive oil, 0*925 to poppy oil, 0*939 to linseed oil, &c. An ordimuy 
? ”te.simnl alcohoiometer'may also be used for the puropse. The difference of density 
etween different fat Oils is, however, not sufficiently great to enable them to be 
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detected with certainty in mixturog by guch a method, moreovOT it hw not'^en proTed 
thrtt the density of the oil obtained from any given source is redly constant, 
^^Gobiev (J Ph.'irm [3] iv. 285 ; v. 67) limits the use of the hydrometer to the de- 
tocLn of poppy oil in olive and almond oils. Por this purpose he uses a hydrometer 
very largo bulb and thin stem. At the temperature of 12*5° C the in- 
btrument sinks to zero in pure poppy oil, which is the densest of the three, and to SO® 
in pure olive oil, which is the lightest. The space between 0° and 60° is divided into 

Pouted of Marseilles beats up the oil to bo tested with one-twelfth of its weight 
of a solution of mercury in strong nitric acid. The nitrous acid or nitric peroxide 
evolved from this solution, convc?i*ts tlie liquid oloin into solid ehiidin(ii. 368), causing the 
olive oil, if pure, to solidify completely after ono or two hours’ contact, whereas in 
presence of poppy oil or other drying oils, which arc not solidified under the^samo cir- 
cumstances, the solidification is retarded, and for a longer time in proportion to the 
quantity of drying oil present. In making these experiments, it is best to use strong 
nitric acid containing nitric peroxide ; to agitate 2 or 3 cubic centimetres of this acid 
with the olive oil under examination; and to perform the same experiment on perfectly 
pure olive oil in a bottle of the same size. The two vessels are then left in a cellar, or 
a room the temperature of which does not exceed 10®, and the moment when the oil 
becomes thick enough to remain in the vessel on inversion is carefully observed. If 
the specimen under examination is pure, it will solidify at the same time as the other, 
but if it contains oven 1 pt. in a hundred of poppy oil, its solidification will be retarded 
40 minutes, and longer still for a larger quantity. ^ ^ 

' Maumen^ (Compt. rend. xxxv. 572) teats fat oils by the heat evolved on mixing 
them with strong sulphuric acid, poppy oil and drying oils in general being heated 
thereby much more strongly than olive oil ; the mixture of poppy oil with sulphuric 
acid is likewise accompanied by a considerable evolution of sulphurous anhydride. 

Heydcnreich and Penot propose to distinguish the several fat oils by the 
colours which tlioy exhibit in eontoct with strong sulphuric acid. When a drop of this 
acid is added to eight or ten drops of an oil placed on a plate of glass resting on white 
paper, the follo>ving colours are immediately produced: — Olive oil produces a deep 
yellow tint gradually becoming green ; Sesame-oil a bright red ; Coha oil a greenish- 
blue aureola; Pojjp?/ ezV becomes pale yellow with a dingy grey look; Hemp oil pro- 
duces a distinct emcrald-grecii tint ; Linseed oil becomes brown-ri^d, changing to 
black-brown. 

The colours and other reactions exhibited in treating fat oils with various acids and 
alkaline reagents have also been examined by Professor F. C. Gal vert, a summaiy 
of whose results is given in the table on page 183. The columns headed “ ■+■ Caustic 
Soda,” indicate the results olitairu-d on adding that alkali to an oil previously treated 
with the reagent at tht^ head of the preceding column. 

By these reactions it is possible, according to Calvert, to ascertain the presence of 
10 per cent, of a given oil in many case.s of adulteration; for example, poppy-oil in 
rape; olive in Gallipoli and India nut, as all of these assume a pale rose-colour; 
when poppy-oil is mixed witli olive or castor oils there is a decrease in the consistency 
of the semi-saponitlcd matter. [For details see Pharm. J. Trans, xiii. 366; alsOk 
Ureh jyictionary of Arts^ &;c. iii. 300. J 


B, — ^Volatile Oils, 

Essentied oils. Essences. Ethereal oils. Histilled oils . — These are componndi^ 
either consisting wholly of carbon and hydrogen, or of the same elements with additioii 
of smaller quantities of oxygon, sulphur, or nitrogen ; of thin oily consistency at ordi- 
nary temperatures, and wholly volatile at higher temperatures ; having a pecnliit 
and generally pungent odour ; very inflammable ; sparingly soluble in water, but 
solving readily in alcohol and ether^ 

A largo number of volatile oils occur ready formed in plants, and a smaller ntimbsf 
in the animal body : others are produced by dry distillation of organic bo^«tr— 
these are called empyreumatic oiLs, e.g. oil of amber, coal-oil, shale-oil, creaE^i 
Bippel’s oil, &c. ; othera by fermentation and other changes in the inodorous 
plants (FEn.uEirT Oils, ii. 634). Petroleum, rock-oil, mineral oil ormineral naphtha, 
also be included amongst the oils produced by the decomposition of otganio bc>di9» 
(see Naphtha, p. 2, and Petbolbpm). Volatile oils are also produced by the 
sulphuric or phosphoric acid on organic bodies, e. g. oil of wine by diatillitig aledhol';il^ 
excess of sulphuric acid, menthene (iii. 880) by distilling peppermint-cainphoT 
phosphoric acid. In this article we shall consider only the volatile oilB existiiig 
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formed in the vegetable or animal organism, which are especially distinguished as 
OBHontial oils. 

Only a few volatile oils have been obtained from the animal body — ^thc oils of ants 
castoreum and ambergris for example — and these have been but little studied, though 
similar compounds might doulitless be obtained from many other odorous animal pro- 
ducts. But the great source of volatile oils is the vegetable kingdom, where they occur 
in very large quantity and in almost all parts of the plant, as in the wood and bark 
of the stem arid root ; under the epidermis of the leavc.'s, calyces, petals, fruit, 8c(\ • 
in th(‘ (lifteront coatings of the seed and in the cellular tissue of the seed-vessels ; rarely 
in the albumen, sonietimes even in the embryo of the seed. ^ 

'riies( vegetable oils or essences consist either wholly of hydrocarbons, or of mixtures 
of hydrocarbons witli compounds of cai*bon, hydrogen, and oxygi ii. Those which exist 
ready fonned in plants do not appear to contain any other element. Sulphur is found 
only in certain oils resulting from a kind of fermentation-process, as in the volatile oils of 
mustard and garlic ; nitrogen, wlien it occurs, must be regai-ded as an impurity resulting 
from admixed vegetable tissue. Many vegetable essential oils when exposed to cold 
are se])aratcd into a solid compound, called a camphor or stcaroptene, aiidu liquid 
oil, which for distinction is sometimes called an clmoptene. 

The following arc the modes of extracting essential oils from plants: — 

1. jBy Pressure. — Tliis method succeeds only with certain parts of plants which are 
very rich in oil, such as lemon and orang('-peel. 

2. liy Distillaticm, generally with addition of water.-— Heating without water is apt 
to produce charring and admixtiin; of empyreumatic oils. The substances containing 
the volatile oil arc either mixed with water in a largo still or retort, and distilled after 
Hiifficient maceration ; or they arc pdaced in the dry state on the upper pei*foratcd base 
of the still, and subjected to the act, ion of vapour of w'ater. Although the boiling point 
of most volatile oils is above that of water, they nevertheless volatilise at 100°, in con- 
sequence of the dilTusion of the oil-vapour into tlie va])()ur of water produced at that 
temperature. In the distillation of the less volatile oils, however, it is usual to add 
common salt to the water, in order to raise the temperature a few degi‘ees, and thereby 
increase the tendency of the oil to pass over with the aqueous vapour. The vapours 
conderiso in the cooling tube (jr receiver, which is kept cold for the purpose ; and the 
wa.t<!r l akes up as mucli of the oil as it is capable of dissolving. If the quantity of oil 
prtisent is more than suflficient to saturate the water, the excess separates out; in the 
contrary case, the distillate is ctthohaied ; that is to s.ay, the water containing the oil 
in solution is distilled with a fresh quantity of the substance which contains the oil, 
and ther(d)y niadc to take^ up a double quantity of oil. A more abundant product is 
hkewise obtained l)y distilling the original vegetable substance, not with pure water, 
but with water wliieh has previously been used for the same distillation, and is there- 
lore saturated with oil. If the oil wliich passes over readily solidities, the cooling tube 
must not bo kept at too low a lemperatun*. — dTio oil which collects either at the top 
or at the bottom of the water is .sej)arat.ed by mechanical means. 

Many pliints yield a l:n-gcr (juuntity of oil after diying; and when distilled in the 
fresh State With cold water, tJiey yield a comparatively largo quantity of oil together 
with turbid water; Iiutif covered with boiling water and then diatiUod, they yield 
clear water and less oil, llm cause of this difference is, that wdien the plant is dried, 
or immersed in cold water containing air, the oil oxidises, and is thereby rendered lees 
soluble in water ; hence it forms a poorer and turbid .solution, and for the most part 
separates out. (Dosmarest, Pharm. 19, 103; akstr. Ann. Pharm. 9, 291.) 

® distillation, and likewise the water which passes over 

with them, have at tu-st an unpleasant, empyreumatic odour, which, however is not 
permanent. ' 

oil, even byrqjeated 

or l-K t’ qooutity coutoined in them i/too 

or because the oil is too soluble in water, or too much inclined to decompose by the 

*’^ 7 /’ kinds of Narcissus taluya^; 

of Polyanl^s Jonmalla Viola odorata, Jasminum of., Philaddphus coronar^ VHt 

boZ‘!n’,?r‘*' '’uT-'"' mropieum.-' Such flo^m, placed in ia^ei. 

btUecu cotton soaked in olive oil, impart their perfume to the oil ^ 

Trom some of them it has been found possible to extract the odoriferous nrinriute in 

S,13r. 334) exhausted the fresh^cotoM' ^ 

Sroi^str^3!!f“l^ ^ f eeparated the upper 

ettiereal stratum of liquid from the lower waterv lavev f>.o ^ 


unner linnitl nf a ^ eatery layer; distilled the ether 

upper iiquia at a gentle heat ; and obtained a residue ^ 


togethcr-wi,h a motherduVuid, wrich:‘;ta\;rf:;rt”edTAeTi^ 
sg^ablc jalour of jonquils. The mystalline nZles, when pM fomed^K 
rous camphor ; and appeared to be the odoriferous oil conyertod into this^pfif^v 
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exposure to the air. L. A. B uoh n er (N. Br. Arch. Tiii. 70) obtained similar results by 
j,p,, lying Bobiquet’s process to the flowers of PhUadeJ^phm, Tilia, and Heseda. 

4/ The Iciss volatile oils, and more especially the camphors, are likewise frequently 
(.xtructi il by alcohol or other, from which they are afterwards separated by evaporation 

ynil coolinR- 

Miiny gum-resins, such as myrrh, do not yield the oil which they contain, or at least 
vii'lii it very imperfectly, by distillation with water, because it is enveloped in gummy 
mult ers. To extract the oil from these ^m-resiiis, they are pulverised and then ex- 
lj;iusti!d three times with an equal quantity of cold alcohol, agitating frequently, and 
]i‘;ivirtg the whole to stand for some time ; the filtered tincture is then poured into a 
Mibuiated r(»tort, both apertures of which are left open, and exposed for some months to a 
temperature of 12® 21®, till the greater part of the alcohol is evaporated (if heat were 

:,[.pli<'d, the oil would likewise pass over). The turpentine-like residue is then covered 
Avith water, and distilled after twelve hours, whereupon the oil passes over in abundance. 

1 ; . ) 11 a s l. r e, J . Pharm. x\di. 1 08. ) 

The product ol)lained by either of these three modes of preparation rarely consists 
of a simple volatile oil, but generally of a mixture of two or more oils. The lighter 
■tii.l more volatile of these is usually a pure hydrocarbon ; the other is either an 
oil conlainiiig oxygen, or a cainplior. These bodies are sometimes distinguished by 
ih.'ir m(dting points : thus, a volatile oil, properly so-called, often holds a camphor in 
soliili‘OU, and the latter crystallises out on cooling, especially if part of the volatile oil 
(which is inoro easily vaporised) lias boon previously driven off*. Sometimes again they 
artMlistiijguishod by their different volatility; when such a mixture is distilled, the 
belling point is at first low, but rises as the quantity of the more volatile oil in the 
residue diminishes, tiH at length, when the whole of the latter has passed over 
(fogether witJi a cunsiderablo quantity of the more fixed oil), the boiling point no 
longer rises, but remains constant. In such cases, the more volatile oil generally con- 
sists wholly of carbon and liydrogon, while the more fixed oil likewise contains oxygen 
The former may be distilled without decomposition over fused hydrate of potassium;, 
liut the more fixed oil when thus treated, takes up an additiontil quantity of oxygen 
from tile water of the hydrate of potM.s.siuni (liberating the hydrogen), and is converted 
into an acid which remains combined with the potash. Hence to separate the non- 
oxyg(Miatod oil from such a mixture, it is partly distilled so as to leave behind the 
gri'iitcr part of the more fixed oil, and the portion which first passes over is made to 
(liop slowly tlpmgli the tubulure of another retort upon hydrate of potassium kept in 
}i stiitc of fusion ; the non-oxygeuated oil then passes over pure. (Gcrhardt and 
Oil hours, Ann. Ch. Phys. | 3] i. 61.) 

If a volatile oil hasb(‘oii partly converted into a resin by continued exposure to the 
air, it may be freed from the resin by distillation with water. Any moisture which 
adheres to tlie oil may be removed by continued agitation with chloride of calcium, and 
suhsoipieiit distillation. 

Properties. — Volatile oils differ considerably in colour. Many are perfectly colour- 
less when pure, others are yellow, red or brown, and a few are green or blue. All of 
dieni liave pow^erful odours, some agreeable, others repulsive, and a sharp burning 
aromatic ta.sto ; some of them produce a feeling of coolness on the tongue. They are 
Hot greasy to the touch like fat oils, but rather make the skin brittle ana rough. Their 
spocitic gravity varies from 0*847 to 1*096; but the greater number are lighter than 
water. Their solidifying points are very unequal, some solidifying at 0®, others 
requiring a much lower temperature, while otliers again remain solid a few degrees 
above 0°. Most of them, when exposed to a low temperature, deposit a solid camphor 
or sti aropteiie (p. 184). Most volatile oils properly so calleil, boil between 160® and 
200® ; oil of copaiba at 260® ; and several camphors between 300® and 400®. 

Volatile oils possess great refractive and dispersive power, and exhibit great 
diversity in their action on polarised light, some being dextro-, others laevo-rotatory in 
Very various degrees, while a few are inactive. The following*table (p. 186) exhibits the 
rotatory power of a considerable number of volatile oils, together with their refractive 
indices for the lines A, D, and H, as determined by Gladstone (Chem. Soc. J. xvii. 

also their specific gravities. The rotatory power was determined for a column 
01 liquid 10 inches long ; the same length of a solution of equal parts of cane-sugar 
uiid water produces a deviation of + 106®. 

f fk green colour exhibited by certain volatile oils, chiefly from plants 

the Composite order, wormwood and chamomile for example, is due to an oily com- 
pound of a very deep blue colour, called ccerulein, which may be separated by dis- 
1 ution, going over with the last portions of the oil, but has not been obtained pure. 

of this blue* substance in oils or alcohol exhibits, when examined by 
» hollow wedge and prism (Light, iii. 638), a very characteristic spectrum, in which 
orange and yellow rays are first absorbed, and at a certain depth nothing is 
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Specific Gravitiea and Optical Properties of Essential OHs, 


Crude Oils. 


Spec. 
Crav. at 


Kel'ractive Indices. 

Rotation. 


Temp. 

A. 

D. 

H. 

Aniso . . 


•9852 


1-5433 

1*5566 

1-6118 

- 1® 

Atherospenna moschatum . 

1 0425 

HO 

1-6172 

1-5274 

1-6628 

+ 7® 

Jiay . 


•8808 

18-6° 

1-4944 

1-5022 

1-5420 

- 6® 

lierg’imot , 


•8825 

22® 

1-4559 

1-4625 

1-4779 0. 

+ 23® 

't, Florence 


•8804 

26-6® 

1-4547 

1'4614 

1-4760 O. 

+ 40® 

Bircli-bark . 


•9005 

8® 

1-4851 

1-4921 

1-5172 

+ 38® 

Cajeput 


•9203 

25-6® 

1*4561 

1-4611 

1-4778 

0® 

Calamus 


•9388 

10® 

1-4965 

1-6031 

1-5204 O. 

+ 43-5® 

„ Hamburg 


•9410 

11® 

1-4843 

1-4911 

1-5144 

+ 42®? 

Caraway 


•8846 

19® 

1-4601 

1-4671 

1-4886 

+ 63® 

„ Hamburg 1st dist. 

•9121 

•8832 

10® 

10-5® 

1-4829 

1-1903 

1-4781 

1-6142 


Cascarilla . 


•8956 

10® 

1-4844 

1-4918 

1-6158 

+ 26® 

Cassia . . 


1-0297 

19'5® 

1-5602 

1-5748 

l-6‘i43 G. 

0® 

Cedar . 


•9622 

23® 

1-4978 

1-5035 

1-5238 

+ 3® 

Cedrat 


•8584 

18® 

1-4671 

1-4731 

1-4952 

+ 166® 

Citronella . 


•8908 

21® 

1-4599 

1-4659 

1-4866 

- 4® 

„ Penang 

• 

•8847 

16-5° 

1-1604 

1-4665 

1-4875 

- 1® 

Cloves 


1-0475 

17® 

1-5213 

1-5312 

1-5666 

- 4® 

Coriander . 


•8775 

10® 

1*4592 

1-4652 

1-4805 0. 

+ 21°? 

Cubeba , , 


•9414 

10® 

1-4953 

1-.5()11 

1-5160 G. 


Hill . 


•8922 

11-6® 

1-4704 

1-4834 

1-5072 

+ 206® 

Elder . 


•8584 

8-5® 

1-4686 

V4749 

1-4966 

+ 14-6® 

Eucalyptus amygdalina 

•8812 

13*5® 

1-4717 

1-4788 

1-5021 

-136® 

„ oleosa 


•9322 

13-5® 

1-4061 

1-4718 

1-4909 

+ 4® 

Indian geranium , 


•9043 

21-5® 

1-4G53 

1-4711 

1-4868 O. 

- 4® 

I^avonder . 


•8903 

20® 

1-1586 

1-4048 

1-4862 

-20® 

Lemon 


•8498 

16-5® 

1-4667 

1-4727 

1-4946 

+ 164® 

Lemon grass 


•8932 

24® 


1-4706 


- 3°? 

„ Penang 


•8766 

13-6® 

1-4756 

1-4837 

1-5042 

0® 

Melaleuca cridfolia 


•9030 

9® 

1-4655 

1-4712 

1-4901 

+ 26® 

„ linarifolia 


•9016 

9® 

]'4710 

1-4772 

1-4971 

+ 11® 

Mint . 


•9342 

19® 

1-4767 

1-4840 

1-5015 G. 

-116° 

»» • • • 


•9105 

14-5® 

1-4756 

1-4822 

1-6037 

-13® 

Myrtle 


•8911 

14® 

1-4623 

1-4680 

1-4879 

+ 21® 

Myrrh 


1-0189 

7-50 

1-5196 

1-5278 

1-5472 G. 

-138® 

Neroli 


•8789 

18® 

1-4614 

1-4676 

1-4835 G. 

+ 16® 

»» • • 


•8743 

10® 

1-4673 

1*4741 , 

1-4831 F. 

+ 28® 

Nutmeg 


•8826 

24® 

1-4644 

1-4709 

1-4934 

+ 44® 

„ Penang . 


•9069 

16® 

1-4749 i 

1-4818 

1-6063 

+ 9° 

Orange-peel 


•8509 

20® 

1-4633 

1-4699 

1-4916 1 

+ 32®? 

„ Florence 


•8864 

20® 

1*4707 

1-4774 

1-4980 

+ 216° 

Parsley 


•9926 

8-6® 

1-5068 

1-5162 

1-6417 G. 

- 9® 

Patchouli . 


•9554 

21® 

1-4990 

1-5060 

1-6194 G. 

-120® 

„ Penang 


•9592 

21® 

1-4980 

1*5()40 

1-6183 G. 

„ , French 


1-0119 

14® 

1-5074 

1-6132 

1-5202 F. 


Peppermint 


•9028 

14-5® 

1-4612 1 

1-4670 

1-4864 

-72° 

„ Florence 


•9116 

14® 

1-4628 

1-4682 

1-4867 • 

- 44 ®:- 

Petit grain . 


•8766 

21® 

1-4536 

1-4600 

1-4808 

+ 26® 

Rose . 


•8912 

25® 

1-4567 

1-4627 

1*4836 

- r : . 

Koscmaiy . 


•9080 

16-6® 

1-4632 

1-4688 

1*4867 

+ 17“j 

Rosewood . 


■9064 

17® 

1-4843 j 

1-4903 

1-5113 

-16®: 

Sunt al wood . 


•9750 

24® 

1-4959 1 

1-6021 

1*5227 


Thyme 


•8843 

19® 

1-4695 

1-4764 

1-4909 G. 


Turpentine . 


•8727 

13® 

1-4672 i 

1*4732 

1-4938 

+-76«?:.; 

Verbena 


•8812 

20® 

1-4791 

1*4870 

1-5069 G. 

- 

W intergreen 

• • 

11423 

16® 

1-5163 

l-627d 

1-6737 

+ 

Wormwood , 

• • 

•9122 

18® 

1-4631 

1*4688 

1-4766 P. 
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s'liTrred to pass except the greenish-blue rays and the extreme red band. A diagram 
uf tliis spectrum is given in Gladstone’s paper just referred to, p. 14. 

Most of the essential oils existing rejwly formed in plants contain hydrocarbons of 
tho fonnula Some, as the oils of turpentine, lemon, cubebs and copaiba, 

consist wliolly of these hydrocarbons ; others contain also oxidised compounds ; oil of 
wintergreen, for example, is a mixture of a hydrocarbon, with methyl-salicylic 

t'thcr. These hydrocarlwns are separated by fractional distillation as above mentioned, 
i>ns.siug over at the beginning of the process, and are fiirtlier purified by rectification 
over sodiuTU. The following table (p. 188) exhibits the densities and optical properties 
of a considerable number of these polymeric hydrocarbons. The oils are arranged ac- 
cording to their specific gravities at 20 ° C. The column headed “ Dispersion at 20 ° C.” 
jviws the difference between the refractive indices of tlie lines II and A. The ** sen- 
sitiveness” is the amount of diminution of the refractive index when the tempera- 
fure rises 10 '^; it is calculated for the line A, and the number 48 is an abbreviation of 
00018 . The “specific refractive energy” is the refractive index, minus unity, 
di\idcd by the density (Light, iii. 625). In the following table it is taken for A, that 

is tlie column represents — 

Those liydrocarbons may be divided into two great groups, the line of separation 
being between those from rosemary and cloves. The first group, with a lower specific 
gravity, has always a far low(’r boiling point, a smaller index of refraction, and a 
higlier sensitiveness ; it h^is also on the whole a smaller dispersion. The specific re- 
fractive energy, liowevcr, of the two groups is about the same. The hydrocarbons of 
the first group are also generally more limpid, and dissolve more freely in aqueous 
alcohol. 

Tlicso large groups are further capable of subdivision. The first ten hydrocarbons 
i]i tin; talde resemble one another very closely. Indeed, it is probable that the three 
^hicli are derived from the peel of the orange, citron, and lemon respectively, should 
be considered as identical rather than isomeric; and it is not unlikely that some of the 
Olliers are tlie same body from different plants. OaulthenTene, carveno, and the hy- 
drocarbon from nutmeg, form a small groux^, if indeed th(‘y are not identicaL The 
liydrocarlxms from wormwood, anise, tbyme, mint, and laurel-tnrpr'ntine, group with 
ordiiiiiry turpentine ; bay, myrtle, and rosemary stand alone, each having a low refrac- 
tion iind dispersion, but they differ much in sxiecifie gravity. Peppermint is somewhat 
inli'i-ni.'diato in its properties. Tcrebene and the hydrocarbons from parsley and 
Ki'.calyptus cmygdalina give high refractive indices. It is possible that some of these 
last contain a small quantity of some hydrocarbon of another type but nearly the same 
corn position. 

Agiiin, tlie second largo group with the higher specific gravities is capable of subdi- 
yision. The hydrocarbons from clovers and rosewood appear nearly, if not quite, 
identical in properties, and are certainly different from patchouli, calamus, and cas- 
ciirilla. 

Coloxiliene differs from the second large group in much the same way as that differs 
from tliti fii-st, though to a smaller extent, 

All the members of the first great group, with the boiling points included between 
160° and 176°, have the formula C'^il*®, which is usually assigned to oil of tuipen- 
tine on the ground of its vapour-density and compounds with the hydracids. 

All t he mennbers of the second great group, with boiling points included between 
249° and 260° C., have the formula which is assigned to oil of cubebs from its 

compound with hydrochloric acid. 

with a boiling point of 315° C., has long had the formula assigned 

The specific refractive energy is a property of bodies intimitely connected with their 
ultimate composition, and it might be expected that, notwithstanding diversities of 
boi ing point and density, this property would be the same for the different isomeric 
uyfirocarhons. Yet though the differences are not great, they seem to bo real, for the 
emon group is uniformly about 0*549 and the turpentine group about 0*536. 

Ihe x^henomena of circular polarisation are not of much use in the classification of 
n;^rocarhons, or as a means of distinction between the crude oils ; for it is found that 
linerenfc samples of the same hydrocarbon, or of the same oil, which closely resemble 
another in other respects, frequently differ widely in respect of this property. It 
°^«erved, however, that the hydrocarbons of the great lemon-group exhibit 
e hipest rotatory poirer, and always to the iigh1$ excepting that cascarilla^ 
belongs to the same group, but is neverthel^ quite inactive. 

^^^comyositions of Volatile Oils. — 1. Those oiIsi%hich have a high boiling-point are 
!•?, y recomposed by simple distillation^ leaving a residue of charcoal ; but when dis- 
aied with water, or gently heated in the" afr, they may be volatilisod without decom- 



188 


OILS: VOLATILE. 


Specific Gravities, Boiling Points, and 0%ttical Properties of Hgdrocarhons from 
Ksseniial Oils (Gladstone). 


Source of Hydrocarbon. 

Specific 
gravity 
at 20° C. 

Boiling 

point. 

Refractive 

index 

A, at 2(P C. 

Disper- 
sion at 
20° C. 

Sen. 

sitive 

ness. 

Specific 

refractivf 

energy. 

Rota- 

tion. 

Orangfc-pcel .... 

•8460 

1740 c. 

1-4645 

•0277 

48 

•6490 

•+1540 

„ Florence 

•8468 

1740 

1'4650 

•0281 

49 

•6491 

■►2600 

Cedrat ..... 

•8466 

1730 

1-4650 

•0280 

49 

•5492 

+ 180° 

Lonion ..... 

•8468 

173° 

1-4660 

•0280 

49 

•6502 

+ 172° 

JJergaraot .... 

*8466 

175° 

1'4619 

-0295 

49 

-5456 

+ 76° 

„ Florence 

•8464 

176® 

1-4602 

•0287 

48 

•5437 

+ 82° 

Ncroli ..... 

•8466 

1730 

1-4614 

•0291 

47 

*5450 

+ 7 ^ 

Petit grain .... 

•8470 

174 ° 

1‘1617 

•0282 

46 

•5439 

+ 6^ 

Caraway, Hamburg, let dist. . 

•8466 

1760 

1-4645 

•0286 

48 

•6486 

+ 180° 

Hill 

•8467 

1730 

1-4646 

•0288 

46 

•6486 

+242° 

Cascarilla .... 

.8467 

172® 

1'4052 

•0305 

49 

•5494 

0° 

Elder . .... 

•8468 

172° 

1-4031 

•0269 

47 

‘6468 

+ lo° 

Hay 

•8508 

171° 

1-4542 

•0260 

47 

•6338 

— 22° 

Gaultherilene 

•8510 

168° 

1-4614 

•0271 

49 

•6422 


Nutmeg ..... 

•8518 

I 670 

1*4630 

•0284 

47 

•5435 

+ 49° 

„ Penang 

•8527 

166° 

1-1634 

•0274 

49 

•5134 

+ 4° 

Carvene ..... 

•8530 

166° 

1-4610 

•0261 

48 

•5140 

~ 20° 

,, Hamburg, 2nd dist. 

'8515 


1-1641 

•0263 

48 

•6431 

+ 80° 

Wormwootl .... 

*8565 

160° 

1-1590 

•0253 

47 

•5359 

+ 46° 

'i'erebeno .... 

•8583 

160° 

1-4670 

•0275 

48 

•6440 

0° 

Anise ..... 

•8580 

1 60° 

1-4G()7 

•0268 

47 

•5368 


Mint 

•8600 

1600 

1*1622 

•0255 

48 

•5374 

+ 30° 

Pejiperrnint .... 

'8()()2 

1750 

1-4577 

•0267 

47 

•5321 

- 60° 

Liiurcl turpentine . 

'8618 

160° 

1'4()37 

•0260 

47 

•6380 

+ 94° 

Thyme ..... 

•8635 

1600 

1-4617 

•0282 

48 

•5346 

- 76“' 

Turpentine I. . 

•8644 

1600 

1'4612 

•0250 

47 

•6335 

+ 48° 

„ ir. 

•8555 

1600 

1'4500 

•0256 

47 

•6365 

-87° 

„ ITT. 

'8614 

160° 

1-4621 

•0249 

. , 

•5364 

- 90° 

M TV. ... 

•8000 

160° 

1'4013 

•0254 

47 

5364 

- 88° 

Eucalyptus amygdiilina . 

i *8642 

171° 

1*4606 

•0323 

49 

•5434 

-142° 

Myrtle ..... 

1 '8600 

163° 

1'4565 

•0248 

47 

•5253 

+ 64° 

Parsley 

'8732 

160° 

1-1665 

•0291 

46 

■6355 

-44° 

Kosemary .... 

•8805 

1630 

1'4583 

•0241 

46 

-5205 

+ 8° 

Cloves ..... 

•0041 

2490 

1'4808 

•0284 

45 

•5417 


Posewood .... 

•0042 

2190 

1-4878 

•0277 

45 

•5395 

- 11° 

CubeV:)s ..... 

•9062 

260° 

1'4950 

•0302 

41 

•5462 

+ 59° 

Calamus .... 

•0180 

2600 

1-4030 

•0322 

42 

•5370 

+ 65° 

„ Hamburg . 

■9275 

200° 

1-4076 

•0337 

43 

•5365 

+ 22° 

Cascarilla .... 

•0212 

2540 

1-4926 

•0307 

42 

'5347 

+ 72° 

Patchouli .... 

•9211 

2540 

1-4066 

•0274 

42 

•6391 


„ Penang . 

•9278 

2570 

1-4063 

•0275 

44 

•5349 

-90° 

„ French . 

'9255 

260° 

1-5009 

•0262 

42 

*6412 


Coloplieiio .... 

'9391 

315° 

1-5084 

•0309 

41 

•5413 

0° 


position. But evon the more voliitilc oils, when mixed with earthy substances, such as 
clay, chalk, sand,^ yhicri meelmnically prevent their volatilLsation, are partially 
docoinposed by distillation, combustible gases being evolved, and charcoal left behind; 
if they contain oxygen they may likewise yield carbonic oxide, acetic acid, &c. When 
the vapour of a volatile oil is pa.sscd through a red-hot tube, it is resolved into Ww* 
Imstible gases and charcoal, which is sometimes finely divided, sometimes Aiifi^ 
douse, and difficult to burn; the portion of the oil which has passed over undet^ 
posed IS often found to be alU>red in its properties, as, for example, in its bl^ 
point.— 2. Volatile oils are very inflammable, and burn with a clear flame 
dejwsits a large quantity of soot. If the vapour of a volatile oil be made tO'fiwt 
from a fane jet under a pressure of 1-6 centimetres of mercujy, it does not tJ»IW 
till It has reached a distance of some centimetres from the jet ; that is to say/^:# 
has become mixed with four or five times its volume of air ; it then bums with a h*#* 
Ss may be used for illuraiiiation.— 3. EssentjiEm 

when placed m vessels not perfectly closed, and at the medium temperature of 
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ibsorb oiygen gas; acquire the power of r^dcning litmus strongly, from formation of 
tpnzoic, cinnamic, acetic, and other organic acids; and are then partially convcrtod 
iito rfsitis, beicoming viscid and less odoriferous, and pas.sing from the coIourL-ss slate 

0 ytllow or red-brown, or from^ blue to brown. Oils thus altered are resolved by dis- 

iJlaiion into pure oil and a residue of resin. The absorption of oxygen trikes place 
,ith (lifforeiit degrees of rapidity in different oils. For the first few days it goes on 
lo^ly, then increases in rapidity up to a certain limit, beyond which it again dimin- 
slHS, aud after several months becomes imperceptible. During this change, and 
«p..cially towards the end, the oil exhales a small quantity of carbonic anhydride and 
still smaller quantity of hydrogen. At the same time, a small quantity of very acid 
,,,tPr is produced, which is loosely attached to the resinised oil, but may bo separated 
i-om it either by the application of heat or by exposure to the sun.— 4. A similar do- 
omposition to that which takes place in the air, is likewise produced by placing tho 
i] in contact with nitrous gas, which it rapidly. absorbs ; also by boiling the oil with 
rn/f formed; or by digesting it with 

urevric nitrate or chloride, these bodies being thereby converted into mercurous ni- 
r;ite ami calomel respectivedy. Volatile oils are likewise' resinised by stannic chloride 

^untachloride of aiitiimng, the latter often yiekling reduced metal. Oils which 
Hsily ivsinise in the air are likewise immediately thickened by agitation with a warm 
jncf^ntratcd solution of neutral ferric sulj)hate.— 5, Volatile oils absorb chlorine q as 
•itli evolution of heat, and are convrTted into viscid substances (Tluuiard). Hydro- 
liInricMcid is frequently formed in this reaction, a substitution of chlorine for hydrogen 

taking place. Bromine exhibits similar reactions (L a ur en t). 6. Many volatile 

ils proper give up their hydrogen to iodine so rapidly, and with so great a clevelop- 
i(«nt of iH'jit, that an explosion fakes place accompanied with evolution of violet and 
; llow vapours. This is the ease with the oils of turpentine, juniper, savine, lemon 
isfimiry, and lavender. The residue is a thickened oil or a brown acid resin. These 
ils Jo.so hy age the property of deflagrating with iodino.—Other oils dissolve iodine 
jK-kly, with or without evolution of heat, forming therewith a brown, thiekish oil, or 
s.,fi or hard resin, with sepHration of a brown liquid containing hydriodic acid. Such 
tlu^ case w'itli the oils of cinnamon, sas.safra.s, cloves, rue, tansy, caraway, fennel, and 
;'PI>.'rniint.— 7. Fuming nitric acid decomposes essential oils mostly with great ra- 
idiiy, t he action being attended with evolution of gas, and with development of heat 
[ti ‘11 nTnountirig to the most vivid infiammalion ; those essential oils which are not set 
a fire hy fuming nitric acid, generally burst into flame when treated with nitric acid to 
iich half its bulk of sulphuric acid has been added. After tho combustion, a residue 
diarcoal is lefr. If, however, the oil does not take fire, there remains a soft, bitter 
‘Sill, which retains nitric peroxide, even after long washing with water, and a yellow 
’ brown acid liquid from which water still separates a resinous substance. Camphors 
•c not so rapidly decomposed; several of them, and other volatile oils, are converted 
r heating wit h dilute nitric acid, partly into peculiar acids (benzoic and anisic acids), 
irily into oxalic acid. Many oils turn yellow when mixed with one-fourth to one- 

1 t their weight of concentrated nitric acid; others first turn pale red, then bright 
% imd after twenty-four hours, brown ; others, again, acquire a beautiful violet colour 
ion astro).— 8. Strong sulphuric acid mixes with most essential oils, causing rise of 
mperature and evolution of sulplmrous anhydride, together with a volatile oil which 
iiviiH of strawberries ; the product is a thick brown liquid, from which water, in many 

separates an isomeric compound {e.g, anisom from anise-oil); in other cases, a 
own acid substance, which behaves, sometimes like artificial tannin, sometimes like 
‘ wild resin, dis.solves in alcohol and alkalis, and, to a certain extent, also in 
ih'r: heating the sulphuric acid solution causes the mass to carbonise. Camphors, 
ncU usually dissolve without decomposition in cold sulphuric acid, likewise become 
arred when heated with it. 

(Combinations.— a. Essential oils and many camphors are slightly soluble in water, 
ii^ Lxtcnt of about 1 pt. in 1,000 ; those which contain oxygen dissolve more freely 
an those which do not. The solution is sometimes obtained by agitating the volatile 
_ with water, but more frequently by distilling the water with substances which con- 
in the volatile oil. The products are called DistUled Waters {Aqua distillata). They 
B ransparent and colourless,^ unless the oil is in excess, in wbi<m case it remains for 
oiig ime suspended in the liquid and renders it turbid ; they possess the taste arid 
ot the volatile oils which they contain. Agitation with a fixed oil (Davies, 
^hjirm. IX. 16), or with ether, withdraws the volatile oil from the water, and on 
I orating the ethere^ solution, the greater part of theoil is left behind (Soubeiran, 
1 ( 1 .. m”*’ * ***• -A.gitating the water with common salt separates a con- 

aoie portion of the oil; such is the case with Eanicudi, Mmtha piperita, 
o?««^owz,and with water oontainisg piimrose-camphor. (Hunefeli j. pr. 
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To determine the quantity of volatile oil contained in a distilled water, half an ounp 
of the liquid is to bo mixed with a small quantity of g(>latinous starch, and a solutio 
of 1 ^ain of iodine in 600 grains of alcohol and 1,600 grains of water added, witi 
agitation, till the oil ceases to give up hydrogen to the iodine, and consequently tb, 
iodine begins to impart a blue colour to the starch. It must, however, be observed 
that difterent oils destroy the blueing propert-ies of different quantities of iodine, anc 
that therefore this mode of testing can be applied only for comparing different sample, 
of the same kind of distilled water ono with the other. ^ 

/8. Volatile oils dissolve readily in alcohol^ and most of them mix with absoluti 
alcohol in all proportions. Accortling to Sau.ssure, the solubility of different oiL 
increases with the quantity of oxygen which tlu?y contain ; henco also the same oil i* 
more readily soluble the longer it has been exposed to the air. 8uch solutions ar< 
obtained by distilling parts of plants which contain the volatile oil with alcohol and t 
small quantity of water, which prev(*nts charring towards the end of the distillation 
Many of the preparations which apothecaries ftill “ Spirits ” are solutions of tlii.s kind, 
also perfumed waters, such as Eau de Cologne, La uender -water, &c. Most cainpliois 
also dissolve readily in alcohol ; there are biitfew which dissolve with difficulty. All tliew 
solutions burn with a bright flame, which is smoky if the solution contains much oil, 
When mixed with water, they turn milky, from separation of th(‘ oil, part of which, 
however, remains dissolved in the aqueous mixture. If a volatile oil is mixed with 
only a small quantity of alcohol, it does not become turbid when mixed with water, 
and only gives up its alcohol when repeatedly agitattsd with fresh quaritities of water.' 

Wood-spirit and acetone behave like alcohol ; so likewise do ether and several 
other ethereal licpiids, excepting that from the lattcT the oils cannot bo separated by 
water. Sulphide of carbon mixes in all proportions with volatile oils, and dissolves 
camphors. 

Volatile oils mix with fats, dis.solve most resins and resinous colouring matters, 
and several organic basis; they also mix wdth one another. 

With the aid of Iieat, tiny dis.solve a tolerably large quantity of phosphorvs, 
forming a liquid which shiin's in the dark, and deposits the greater part of the phos- 
phorus on cooling. 

They also, when heated, dissolve a small quantity of sulphur, which crystallises out 
again on cooling ; when boiled for some time with sulpluir, they unite in the decomposed 
state, with considerable quantities of that substance, forming a brown, greasy, stinking 
mass, called Volatile Jialsam of Sulphur, which, if lieated for a longer time, quickly 
evolves a large quantity of sulphuretted liydrogen gaLS, Most camphors may also bo 
made to unite with sulphur and phosphorus by fusion. 

•y. Many volatile oils and camphors absorb large quantities of hydrochloric acid gos, 
producing great rise of temperature, and forming sometimes oily, sometimes caruphor- 
oidal compounds, in whieli the clilorine cannot he detected by nitrate of silver. With 
hydrobromic acid gas they bcliave in a similar manner. Many of them combine with 
cmoride of phosphorus and chloride <f suJjthur, the combination being attended with 
evolution of li(‘at. They likewise absorb .small quantities of carbonic oxide, carbonic 
anhydride, and nitrons oxide and larger quantities of sulphurous anhydride, snlphj- 
dric acid and fluoride of calcium, 

5. Volatile oils mix readily with hydrocyanic acid, abstract that acid from water, 
and form a mixture which does not readily decompose, and is especijilly heavier than 
water (Ittner). They absorb a few volumes of cyanogen gas, and dissolve iodide cj 
cyanogen with facility. 

€. Many volatile oils and camphors are capable of mixing with certain organic acids 
Buch as ^etic, succinic, benzoic camphoric, suberic acid, and the fatty acids. Strong 
acetic acid dissolves many volatile oils and camphors (Fourcroy and Vauquelin, 
Scher. J. v. 282 ; V auquelin, Ann. Chim. Phys. xix. 279). Acetic acid, which holda 
volatile oils in solution, reduces mercurous nitrate or silver nitrate at a boiling hwl* 
but not so quickly as formic acid. (W alcker.) 

C Only a few oils, which contain oxygen, and have a slightly acid charactWi t|** 
creosote, oil of cloves, and oil of pimento, absorb ammoniacal gas in abundanc^' dif* 
solve in aqueous alkalis, and form with these and other bases, saline compoUD^^^ 
which the odour of the oil is destroyed. - ;; 

Volatile oils dissolve oxide of copper at ordinary temperatures, but reduce 
application of heat (A. Vogel); they dissolve protoxide of lead with 
(Schweitzer); mix with chloride and fluoride of arsenic ; and abstract 
sublimate from its aqueous solution, whereby they become thick and solid. iSijf 
separate chloride of gold from its aqueous solution ; and on subsequent 
light, the gold is set free in the metallic state. 

Adulterations of Volatile Oils, — ‘The more expensive of these oils 
adulterated with cheaper oils of the same class, also with fixed oils and with. 
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I. Fixed . Oils thus adulterated leave upon paper a greasy spot, which 

remains even after long-continued warming at 100®. —2. When the mixture is distilled 
^tli watery the volatile oil passes over, while the fixed oil rchiains, and maybe detected 
"by saponifying it with potash. — 3. On dissolving the volatile oil in three times its 
volume of 80 per cent, alcohol, the greater part of the fixed oil remains undis- 
polved. 

II. With Alcohol. — 1. When the proportion of alcohol is large, the greater part of 
it may bo extracted by water, the liquid acquiring a milky turbidity. Hcnco the 
quantity of alcohol may be determined by shaking up the oil with an equal bulk of 
water in a graduated test-tube, and observing the diminution of volume (Lipowitz). 
The result, however, is not quite accurate, because the separated oil still retains a 
portion of alcohol.-— 2. The mixture, when distilled with water, gives off tho alcohol 
at the very beginning of the distillation ; and this first distillate, when concentmted 
by rectification yields alcohol, easily recognised by its smell, taste, density, boiling 
point, and flame.— 3. Into a graduated tube, two-thirds filled with tho oil, some 
pieces of chloride of calcium, free from dust, are introduced, and the whole is heated for 
five minutes on tho water-bath, with frequent agitation. If no alcohol is present, tho 
lumps of chloride of calcium apptuir unaltered after cooling ; if a small quantity is 
present, they appear effloresced and baked together ; and a larger quantity causes them 
to deliquesce with the alcohol into a fluid layer, tho oil floating on the top, and appear- 
ing diminislied in volume in proportion to the quantity of alcoliol present.— 4. Fotas- 
,sium oxidises in the alcoholised oil, with evolution of gas; and the more quickly as the 
proportion of alcohol is greater. Twelve drops of the oil are poured into a watch-glass, 
and a piec<> of potassium as large as a pin’s head is introduced. If tho potassium re- 
mains liniillcredfor 12 to 15 miniite.s, the oil is pure, or at least does not contain more 
tliaii 4 per cent, alcohol ; if it disappears in les.s than a minute, the oil contains 25 per 
cent, alcohol or more.— 5. A pure volatile oil agitated with an equal volume of olive- 
oil ywUh a ch?ar mixture; whereas that which contains alcohol forms a turbid mixture 
tlu! alcohol being sc'parated. (Kighini, J. chim. med. xx. 351.) 

III. Adulterations of expensive Oils with Oil of Turpentine. — 1. The presence of this 
adulteration may bo detected by the smell, especially on rubbing the oil between the 
hands, or after setting it on fire and then blowing it out. — 2. Since oil of 1 urpentine is 
less soluble in hydrated alcohol than many other oils, the suspected oil maybe agitated 
witli its own bulk of 80 per cent, alcohol; if oil of turi.)entiiie, anise, or fennel be pre- 
cept, the solution is incomplete. — 3. Oil of turpentine mixes much more easily vrithjlxed 
oils, than the oils of marjoram, lavender, valerian, sage, peppermint, or wormwood. 
Il, therefore, 3 grins, of the suspected oil bo agitated with 3 grms. of poppy oil, and 
the mixture remains turbid, we may conclude that the oil is not mixed with turpentine; 
for cv(ui a smiill quantity of the latter would render the mixture clear. This method 

IS not applicable to the oils of thyme and rosemary (IVIe ro, J. chim. m^d. xxi. 93). 

4. Many volat ile oils dissolve the colouring mfxXtov of sa7idal~wood, but oil of turpentine 
docs not; tlie presence of the latter will, therefore, diminish the solvent power of the 
other oil (V oget, Ann. Pharm. vi. 42).— 5. Oil of turpentine becomes strongly heated 
amldetonat.es by contact with iodine; many other oils do not; but if tho latter are 
mixed witli only a small quantity of oil of turpentine, they likewise detonate by contact 
with iodine. (Tuchen.) 

OZSAXirZTSi An old name for Anatase, from Oisans in Dauphiny. 

T Dysclazite . — A hydrated silicate of calcium, occurring m the FaroS 

islands, Iceland, and Greenland, sometimes in prismatic crystals, probably triraetrio' 
^d having the angle ooP : ooP = 122® 19', but more generally massive and fibrous. 
Hardness == 4*5 to 6. Specific gravity =2*362 (Connell); 2*28(KobeU). White, 
with a shade of yellow or blue, and a pearly lustre. Often opalescent, subtransparent 
xo subtraiislucent. Very tough. Analysis 1 is by v. Hauer: 2 by Kob ell (Ham- 
vuilshcrgs Mineralchcmie, p. 604): 

SI 02. Fe^O’ Ca20. Na20. K20. H«0. 

1. Discoo Island, Greenland 54*81 . . 27*23 . . . / 18*04 « 100*08 

l^aroe .... 67-69 0*64 26*83 0*44 0*23 14*71 « 100*44 

These analyses lead to the formula Ca*0.2SiO*.2H*0 or perhaps Cca"H*SPO*.H*0 
whicli is that of a hydrated metasilicate. * 

OX.SAMXBB. C«H“NO - N.H*C"H»0.-Produced by the action of alcoh(Jic 
moma on oil of almonds (Rowney, Ed. Phil. Trans, xxi. pt. 2; Ghem. Soc. Qm 
• vn. 200), or oil of hazel-nuts (Carlet, Bull. Soc. Chim. 1869, p. 73), and purified' 
•y pressure and rccrystallisation from alcohol It forms crystalline nodules ; begins 
at ^ becomes perfectly fluid at 81®, and solidifies to a Semi-transparent mass 
to (Rowney); at 76® to a highly crystalline ma.s8 (Carlet). It is Insoluble in 
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water ^ but dissolves easily in warm alcohol; becomes yellow and rancid when exposed 
to tha air ; and is decomposed by heating in a sealed tube with alcoholic potash 
yielding oleate of potassium (Carlet). It is also decomposed by fusion with hydrate 
of potassium, not by boiling with aqueous potash. (Rowney.) 

The conversion of oils and fats into amides by the action of ammonia was first 
noticed in 18M by Boullay (.1. Pharm. v. 329), who however did not obtain them 
pure, and reg.irded the products obtained from different oils as ono and the same 
amide, which he called margaratnidi\ 

.Klaidamide, isomeric with olearnide, is obtained by enclosing 1 vol. elaulin 
(prepared from almond-oil with nitrons acid) with 4 vol. aqueous ammonia and 2 vol. 
alcohol. It forms colourless shining needles which melt partially at 92^, and com- 
pletely at 94'^, the liquid solidifying to an opaque mass at 91°. (Rowney.) 

OXiEZSlVE. Syn. wntli Nonylexe. 

OEEFXAXT GASa Syn. with Ethylene. 

OXiEFlETES. ITydrocarbons, homologous with ethylene; so called from 

their property of forming oily compounds with bromine and chlorine, like Dutch liquid 
(see IlYnitocAiinoNs, iii. 187). 

OXiEXC ACZB. Clicvreul, Becherchrs sur les corps 

gras, p. 205. — Varrentrapp, Ann. Oh. Pharm. xxxv. 196. — Gu.ssorow, Kastner’s 
Archiv. f. Chem. u. Meteorol. i. 73. — Laurent, Ann. Oh. Phy.s. Ixv. 149. —Gottlieb, 
Ann. Oh. Pharm. Ivii, 40. — irciiitz, Pogg. Ann. Ixxxiii. 55o ; Ixxxix. oS3; xc. 143.-^ 
Rerthelot, Ann. Oh. Phy.s. [3) xli. 24;P- -The liquid acid obtained by tlie saponi- 
fication of non-drying oils and solid fats. Und(‘r the infiiienco of nitrous acid, it ia 
transformotl into a solid modification calh'd elaidic add. 

Treparation. Tn the manufacturo of stearin-candles, oleic acid is obtained by 
treating with dilute sulphuric acid the lim<?-soap produced by the action of lime upon 
tallow. The fatty acids resulting from the. decomposition are w'ashed with hot water, 
and solidify ill mass on cooling; and this mass when subjected to pressure, yields a 
liquid rich in oleic acid, but still retaining a considerable quantity of stearic acid. 
After remaining for some time in a cold pl.-icc, it deposits a quantity of solid matter, 
and the liquid docaiit(ul from this is simt into the mMrk(4. as olda add. It is an 
impure acid containing, besides stearic acid, a certain quantity of oxy-oleic acid pro- 
duced by the oxidising action of the air. 

To obtain pure oleic acid, olive or almond oil is saponified wdtli potash; the soap is 
decomposed by tartaric acid ; and the separated fal.ty acid, aft(!r being washed, is 
heated for some hours in the water-bath, with half its weight of oxide of lead pre- 
viously reduced to fine powder. The mixture is then well shaken up with about twice 
its bulk of ether, wliich dissolves the oleate of lead and leaves the stearate ; the liquid 
after standing for some time is deeanted and mixed with hydrochloric acid; the oleic 
acid thereby eliminated di.ssolves in the ether, and the ethereal .solution which rises to 
the surface of the water is decauttal, mixed \vit,h water, and freed from ether by dis- 
tillation. The residue, is nearly pure oleic acid, containing only a small quantity of 
oxy-oleic acid. To free it from this, it is saturated with ammonia, and the resulting 
eoap is decompo.sed by chloride of barium, whereby a precipitate of oleate and oxy- 
oleate of barium is formed, which after drying is treated with boiling alcohol. The 
solution on cooling deposits crystals of oleate of barium, the oxy-oleate remaining 
in solution ; and from these crystals the oleic acid may be separated in the pure stated 
by means of tartaric acid dissolved in water which has been previously freed from 
by boiling, the decompo.sition and the subsequent washing being carried on in such » 
manner as to protect the oleic acid from the action of the air. 

The mode of purification just described may be applied to commercial oleic acid. 

Iroperttes.-Ol&ic acid crystallises from alcoholic solution in dazzling white needles, 
and melts at 14° to a colourless oil, which solidifies at 4° to a hard, white, crystalline 
mass, expanding at the same time to such an extent that the remaining liquid is 
tnulcd (Gotthob). Specific gravity =* 0*808 at 19° (Clievreul). The acid volatilises 
in vacuo without decomposition (Chevroul, Laurent). It is tasteless and inodorons^ 
reacts lumtral when unaltered (not oxidised), also in alcoholic solution (aottii©b> 

It contain.s, according to the mean of Gottlieb’s analyses, 76*34 per cent, carbon. «lfl 
12T4 hydrogen, the formula C'*H**0= requiring 76*59 C, 12*06 1^ and 11*36 O. ' 

Oleic acid is insoluble in water, very soluble in alcohol, and dissolves in all p*©* 
portions m eiUr C)old strong sidphuric acid dissolves it without decomposition- ^ 
palmitic acid, &c. (Chevreul), and is dissolre4% 
me, wHh formation of a soap, and strong acid reaction. (Marcet, Phil. 
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Decompositions. — In the solid state oleic acid oxidises but slowly in the air ; but in 
the liquid state it rapidly absorbs oxygen, acquires a rancid taste and smell, and a 
deciiied acid reaction, no longer crystallises at low temperatures, and forms with baryta 
a salt very soluble in alcohol. At 100° it absorbs oxj^gen more rapidly than at ordinary 
teiiipcralures, and gives off carbonic anhydride. (Clottlieb.) 

2. Oleic acid is decomposed by distillation, yielding sebacic acid, the proportion of 
which is greater as the oleie acid is more nearly pun?; the other products of the de- 
composition are caprylic, caproic, and acetic acids, several gaseous hydrocarbons, and 
carhonic anhydride. The formation of sebacic acid by disi illation serves to distinguish 
oleic acid from other oily acids. (Varrentrapp.) 

3. Oleie acid heated with hydrate of potassium gives off hydrogen, and forms pal- 
raitato and acetate of potassium (Varrentrapp): 

c'“n«o* + 2Kno =- c‘«ii«KO" + c-ii^^ko^ + n*. 

4. Distilled with one-fourth its weight of quicklime, it yields a neutral unsapo- 
oltlable liquid, probably oleono (Bussy, Ann. Ch. Pharm. ix. 271). When 10 pts. of 
crude oleic acid are mixed with 3 pts. of slaked lime, then with 3 pts. soda-lime, the 
niass distilled, and the distillate collected in a cooled receiver, liquid products are 
obtained, amounting to two-thirds of .the oleic acid, and gases are given off consisting 
cliiefly of ethylene, tctrylcno, amylene, and olefines of higher atomic weight. 
(Bert he lot, Ann. Ch. Phys. [3] liii. 200.) 

6. Oleic acid distilled with sulphur gives off sulphydric acid, and yields a red- 
lirown stinking oil, called by Anderson sulphide oj odmyl, but perhaps consisting 
mainly of tetrylic mercaptan (p. 173). 

6. Chlorine and broiniue in presence of water, convert oleic acid into dichloroleic 
and dibromoleic acids respectively: iodine excites no action upon it (Lefort). Bromine 
added drop by drop to pure crystallised oleic acid, forms tribromo-dioleic acid. (Burg, 

I'- 

7. Strong sulphuric acid dissolves oleic aeid, fonning a solution which is precipitated 
by water ; on heating the liquid, it blackens and gives off sulphurous anhydride. 
(I. 1 0 1 1 1 i e b. ) 

8. Nitrous acid converts oleic acid into elaidic acid, a solid body isomeric 
with it. 

y. Strong nitric acid attacks oleic acid with violence, giving off red nitrous vapours, 
and j)roducing volatile acids of the series viz. acetic, propionic, butyric, 

valeric, c?aproic, ojminthylic, caprylic, pelargonic, and cupric acids ; and fixed acids of the 
scries viz. sulieric, pimclic, adipic, lipic, and azclaic acids, the number and 

jtroportion of thcsi; products varying with the duration of the action. 

OUmc aeid hc?ated with an equal weight of glycerin yields triolein ; wdth excess of 
glycerin, monolein. Heated with glycerin, and hydrochloric, tartaric, phosphoric, 
or sulphuric acid, it yields oleins containing also the radicle 'of the second acid, 
(llerthelot.) 

Oleates. The formula of the neutral olcates is or accord- 

ing to the atomicity of the metal : there are likewise aeid oleates. The neutral oleates 
of t he alkali-metals are soluble in water, and not so completely precipitated from their 
solutions by the addition of another soluble salt, as the stearates and palmitates. The 
acid ol(\it(!s are liquid and insoluble in water. 

The oleates dissolve in cold absolute alcohol and in ether, a property by which they 
may bo distinguished and separated from the stearates and palmitates. 

It is somewhat difficult to prepare the oleates in a state of purity, in consequence of 
the rapidity with which oleic acid oxidises in contact with the air. The best mode of 
proceeding is to decompose oleate of barium with the sulphate of the base which is to 
he combined with the oleic acid. The two salts are pounded together, and digested 
in a closed flask at a gentle heat with alcohol of specific gravity 0'833. Sulphate of 
huriura is then formed, and the oleate of the other base dissolves in the alcohol, from 
''^hich it may be freed by distillation in a current of hydrogen. 

^If ate of Ammonium is gelatinous and soluble in water. It may be produced 
hy digesting oleic acid in the cold with aqueous ammonia. 

Oleate of Barium, the preparation of which has already been 

uescribed (p. 192), is crystalline and infusible at 100° when pure, but when altered 
hy contact with the air, it melts below 100°. 

It dissolves in warm dilute alcohol, and the solution on cooling deposits flocks con-- 
sisting according to Gossmann (Ann. Ch. Pharm: Ixxxvi. 322), of an acid sifclt 

'I'ho oleates of calcium and. strontium closely resemble the neutral barium salt. 

Oleate of Chromium is amorphous and violet coloured,— of cobalt \a 
VOL IV. o ' 
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bluisliand pulvorulorit .— of capper is a green precipitate extremely fusible, pe^ 
fectly fluid at 100®. 

'Oli'dtf of Cohalt. Olente of potassium added to a hot solution of sulphate of 
cobalt, forms lirst a bluish -green, then a green precipitate, wliich settles down very 
slowly. (Chevreul.) 

Oh ate of Cojiper. Ily precipitating euprie snlplnife with oleate of potassium orl.y 
warming ol»*ic acid witli euprie oxide, a .salt of fine gnaui ct»Iour is obtained, whitli 
becomes quite fluid at 100° (Cli (s vreul). It di.ssolves in all iwoportions in alcohol 
with bluish-green colour; with a .small quantity of alcohol, it foiius an oil. (Unver- 
dorbeii.) 

Oleates of Lead. The nnctral salt, Ls pn-pared by dis.solving olci,. 

acid in absfilute alcohol, adding an oxce.s.s of dry e;irl)on;ito of .soduiin, and heatiii.r 
gently, so that the vapour of the alcohol may exjad the, air from tln> flask. As so.n 
as the liquid exhibits an alkaline reaction, it must be rapidly filtered, .slightly diluici 
with water, and left to cool with tho vessel eoveivd ; tlieii preeipit.ated with neuti-al 
acetate of lead, again quickly filtciv'd, and the precipitate of oleate of lead washed in 
a cool place. After drying in a vacuum, it form.^ a light wliite powder, wliieh un its at 
80® to a yellow liquid. It di.ssolve.s very .slowly iii cold etln-r, but quickly in 
boiling ether il well stirred. It is likewise .soluble in oil of turpentine ami in ri-ck.(,i|^ 
the .solution satiiraled while liot .solidifying in a gelatinous mass f)n cooling. — When' 
altered by coni act with tlic ai r, i t becomes gel;itiiioiis. (O o t M i e b. ) 

A ho.'iic oleate of load, '()‘.TM)"(), is obtained by lioMing o1(m<! acid with 

exce.ss of basic acetate of lead. It is soft at 20® and liquid at 100®. (0 lievre iil.) 

Oleate of Magnesium, \s granular, soft aud diaphanous. 

(Chevreul.) 

Oleates of Mercury. The mercuric s.alt is precipitated in \sdiito flocks, wlikh 
heeorno greasy wlieii washed, and dry up to a .solid nia.ss ; it dissolves spuritiglv in 
cold alcohol, more ('asily in hot alcohol and in ether (Jlarff, N. Hr. Arch v S0«) - 
The mercurovs .wU, TTg'‘^)"0^, forms grevish-wliit.' flocks, becoming bluish when 

dry. Insoluble in waiter and in cold alcohol, .soluble in hot alcohol, and in ether 
wlmtber hot or cold. Forms witli ammonia a l>lack j^owder containing ammonia. 
(Jlarlt.) ° 

is a greenish-yellow precipitate which settlo.s down slowly. 
(Chevreul.) ^ 


Oleates ofPotassium.^ The neutral .salt, C'«ir’’K(F, obtained by heating eqml 
parts ot potash and oleic acid with a .small ipiantity of water, forms a gelatinous mass 
which may be purified liy dis.solving it in alcohol. *'rhe solution evapoi-iited to dryness 
leaves a white friable odourless salt, which deli()ue.sc(‘S in nujist air, dissolves eon) - 
pletcly m 4 pts. of water, forming a viscid liquid ; a larger qiiiinl ity of water decom- 
poses it, SJ’paraljiig a gelatinous mass of the acid salt,. It is decomposed by acMs, 
even by carbonie acid, when .a .stream of the latter is passed tlironiih the aqueous 
solution cooled to 5®. Acfd ohatc of potassium i.s insoluble in water,^ but soluble in 
alcohol even in tho cold ; the solution has an acid reaction. 

of Silver. Produced by double deeompusition, but reduces almost as 
soon as lorined. 


C'"H«xVaO^ is obtaine,! like (be neutral potassium-salt. Ac 
TOi^iug to \ aiTentrapp, it crystallises when its solution in boiling absolute alcohol is left 

with the airlrbee^^mos'gebiUuolr^^^^ ‘l^'l'I'-escent. By contMt 

Oleate of Zinc. White powder melting below 100 °. (Chevreul.) 

Chlorine^ and liroynine-drrivaiives of Oleic acid, 

acid H Obtained by fbe action of chlorine OH O^eic 

and in pmsenco of water. Frown oil of specific gravity P082 at 8®, more viscid thaa 
oleieacid. Eedden.s litmus. Boils at 190°, (Lefort, J. I'harm. [3] xxiv. 113.)' 

% pibromoleic acid, C''H«Bp=OV-Obtaine,l in like manner. Brown oflirf 
speoific gravity 1-272 at 7-0°. Beddens litmus. Boils at 200°, (Lefort.) ■ / 

^.Trihro)no-dioleicacid.Q^''im^v^(:v i r i -it jlxn 

to pure crystallised oleie aeid. h,uid 

The 'I ’r fo^s 
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A.cid)S Tcldtcd to Oleic ctcid. 


Hydroleic and Metoleic 


Actbs. ^AVJicn siilpholeic acid (produced by the 

,u-,,wii V,. ....n -- - - I - - • at low t.enjpcrature.s) is left to itself in the cold, it 

yields an mly acid callwl by b reiny meia-olric nmd. It is insolulilo in water, very 
spariu^rly soluble in alcohol, vcTy soluble in ether. It gave by analysis 757 per cent 
ciirboii, and 11-9 hydrogen. •' i • 

mid is pbtained, according to FrtWny, by boiling the sulpholeic acid 
after all the iTuda-oleic acid has be.ui deposited. It is oily, insoluble in water, very 
voUiblo 111 alcohol and ether, and contains, ac(?ordiiig to Fremy, 72 0—73-3 per cent 
carbon, and 11-8--11-9 hydrogen. Both these acids are decomposed by dry distillation’ 
yielding carbonic anhydride and oily hydrocarbons homologous with ethyhuie viz’ 
hc.yle.i.j and iKuiyhMie._(Fremy, Ann. Oh. Fhy.s. Ixv. 128). The composition, and 
indeed the existence ot these acids, is very doubtful. 

f>. Ei.AjDio Acid, the solid fatty acid isom.iric with oleic acid, produced hv the 
•ictii.n of nilrous acid on (he laUcr.and Linodeic Acid, the fatty acid of diviinr oils 
have hrc ii aln ady described (ii. HfiS ; iii. 700). ^ ^ 

OXiEIC XSTKSSLS. Ot.eate of Ethye or 0/c/c AV/^cr, C''‘’ir^"02 — C‘'’IP-'YC‘II*)02 
*-(La.urent, Ann. Ch. Fhys. xxxv. 298. Varrentrapp, Ann. Ch. 'Pharm xxxv’ 
L'OO.) Idiis ether IS olitaiiK'il by passing dry hydrochloric acid gas into a solution of 
oleic acid in about three times its volume of alcohol. Etherification lakes place in a 
few miimte.s and the etlior separates from the- lirpiid. It may also be prepared by 
treating ob'ic acid with a. mixture of alcohol and .sulphuric aeid. 

Oli'icctlu’r k a. colourless liquid of si>cci(ic pravity 0-87 at I8“; soluble inalcoliol 
HI"I dccoi"iii)sil)le by distillation. Meniuric nitrate transforms it in 2t houi-s into 
elriidic other (ii. 880). 

Oi KAiE OK METilvt,, 0'»IP"0= = 0'»I[”(CII»)0^, Obtained in like manner, is 
oily liquid ot spemhe gravity 0-87!» at 18'’; it is converted by mercui'ic nitrate i 
daidate of methyl. 

OpiA i'iAS OF (.Ir.YOEnYT. Or.Ems.— Three of the.so compounds have been obtained by 
iieuling oleic acid with glycerin in sealed tubes, viz. : 


an 

into 


Monolein 

Iliolein 

Triolein 


Q&riiioiOo _ 


(CW)"' 

IT’^.C‘4P=»0p 

II.(0*HP'0)2(^ 
{CHVT ?03 


lliey result, like other glyceride.s, from the union of the acid and glycerin, with 
eliinmation of the (dements of water. 

IPO, is an oily liquid which soli- 


M o no I € i n, 0 '^ 
dificfi at about 15 ". 


C'"]PT)3 + 0:‘IP03 



. - - s without decomposition. 

b(> produced by heating glycerin and pure oleic acid to 200° in a sealed tube 
lor 18 hours, or a mixture of oleato of ethyl, glycerin, and hydrochloric acid to 100". 

^ + CTPO’ ~ 2IPO, is obtained by heating 

natural olmn (tnoloin) with glycerin to 100° for 22 hours.— Its specific gravity is 8*921 
rl; a. crystalli.se at about 15® It gave by analysis 73*5 per cent. C 

‘iud 11-95 II (calc. 70*2 0 and 12*1 H, from the formula 

- 3C>«H»'02 + C^nW - 3IPO, is obtained by heating to 
t" ■ ^ ^*”xlnre of equal weights of oleic acid and glycerin, decanting the layer of fatty 
ii.i er after the reaction is finished, mixing it wdth 15 to 20 times its weight of oleic 
•lyn , and heating again to 240® for four hours. The neutral matter is extracted with 
Ibe solution is treated with animal charcoal, then concentrated and mixi^d 
loV 1 ? time.s its volume of common alcohol, and the triolein thereby precipitated 
(■oiloctyd on a filter and dried in vacuo, 

i’lolein is liquid at 100°. In contact with the air, it gradually turns acid. It is 

originally asRigned toy Bert helot to some of the glYcerldes containing 2 at. of the 
oh' ***' the siippoRition that the formation of these diarld compounds wa* .ittundi^d 

<><1110 ^FO; Imt as such amode of formation Is not consistent wiili th.it 

obtain .i,„ indeed of compound etheni in gimeral, and as moreover it is very rtitlieiiit to 

!iat 112/1 „ pure. It is more probable that in the formation of these diacid glycerides 

are eliminated. 

o2 
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slowly saponified by oxide of lead. Analysis 77*6—77'2 per cent. C and 12-2— ipr 
H; calc. 77*4 C and U S H. 

The 0 1 e i n of animal fal sand non-drying oils (dryingoils contain a different glycorido) 
appears to be identical witli triolein, its composition has not, however, been exactly 
determined, for there is great difficulty in obtaining it pure. ^ 

Chevreul prepared it by boiling liuinan fat, hog’s-lard, goose-fat, or beef or mutton 
suet ill a flask, filtering the solution after leaving it to stand for 24 hoiir.s, eoncentrat- 
ing a little by evaporation, adding water which separates the olein, then exposing tlw 
product to cold, and separating the liquid from the solid portion by pressure. lu this 
manner oJoin is obtained which does not solidify at 0'^ C. 

Olein may also be prepared from olive oil and other glycerides containing it, by 
pouring upon the fat a cold strong solution of caustic soda, which saponifies the 
stearin and the other solid fats, but not the olein. Tlio mixture is agitated and gently 
heated to separate the olein from the .stearin soap; the liquid is filtered through cloth 
and the olein separated by deeaiitaf ion from the alkaliiie-ley. This process succeeds 
with all oils, excepting those which have become rancid, or have been altered by heat 
(PiSelet, Ann. Ch. Phys. xxii. 330.) 

A less pur(j product is oljtained by treating oil of olive or sweet almonds with cold 
alcohol, and eva|)orating the solution. 

• The properties of olein differ somewhat according to the nature of the fat from 
which it is ex tract (h 1, and tlic mode of preparation, but when properly prepared, it 
is colourless, void of tast(! and .smell, insoliilde in water, very soluble in absolute alcohol 
and in ether, and of a density between O OO and 0-1)2. "it burns witli a very bright 
flame. When s;i|)OMitied with poia^/i, it yields glye('rin and oleate of potassium. 

l^y dr ^ a fa Hon it yields gaseous producLs, liquid hyd roc; ir lams, sebaeic acid, and 
acrolein. This react ion atfunls the iiieans of detecting olrdn in fats; for, if tlio 
product of the distillation bo ti'(‘ate<l witli boiling water, a solution is olduiued which 
on cooling yields small ru'edles of sebaeic acid. Ohdn oxidises in the air, yielding 
the same products as oleic acid. Pmler the infliieiico of strong «e/r7, it is 

resolved into sulpholeie and siil phoglyceric acids, iNitrous converts it 
into the isomeric solid compound claidin (ii. 380) ; this property distinguishes olein 
from the liquid fat of non-drying oils. 

Chlorine and bromine act upon olein, producing sulistilution-products. 

((>iPr‘ ) 

Oleate of Mannityl. Manriite oUique, (Bertho* 

11 ^ ) 

lot, Ann. Ch. Phys. [3] xlvii. 320). — Obtained by healing oleic aeid wdth inanniteto 
120*^ in a scaled tube, saturating the superficial fatty layer witli lime, exhausting with 
ether (which also takes up caleic oleate, but depo.sits it on boiling in vacuo) and evapo- 
rating. It is a nearly colourh'ss, neutral, waxy mass wliich becomes soft and tenacious 
at a gentle heat and then melts to a yellowish liquid. By heating with potash it is 
resolved into oleic acid and niannitan. 


OXiBIlf* See Oleic JCtheks. 


OXiEOXfB. Oleic acid distilled with lime yields an oily liquid regarded by Bussy 
(p. 193) MS the acetone of oleic acid; it lias not, liowever, been obtained pure. Vohl 
(pingl. pol. J. cxlvii. 304) applies the name oleono to an illuminating material 
of similar nature obtaiiuHl by precipitating the waste-liquor of soap-works with 
chloride of calcium, and distilling the resulting calc ium-saJts of fatty acids with 
quicklime. *' 


OXiBOPROSPHORZC ACZX>. A phosphoretted fatty acid contained in the 
^ ethereal extract of brain, prepared as described under CerebUW 
(i. 8o0), IS treated with ether to separate eerebrin, the ether takes up oleophosphoric 
acid, often combined with soda, and mixed with olein and cholesterin. The ethereal 
solution IS evaporated ; the soda is extracted by an acid ; the re.sidue is dissolved 
in boiling alcohol ; and the solution is left to cool, the oleophosphoric acid being then 
deposited The olein and cholesterin still mixed with it may be removed, though 
not completely, by absolute alcohol. OJeopho.sphoric acid thus obtained is guinroy, 
generally yellow, and^ contains from 1*9 to 2'0 per cent, phosphorus. When burnt in 
contact with the^air, it leaves a carbonaceous mass containing phosphoric acid. By 
long boding with water or alcohol, more quickly with acidulated water, it gra^y 
convert^al into perfectly pure olein, while the lower staitum 
of liquid IS rendered strongly acid by the phosphoric acid produced. The 
of n ordinary temperatures ; also at the commencfiufett* 

o putit faction of the bmin. Fuming nitric acid decomposes oleophosphoric aad&to 
phosphoric acid and a fatty aeid. Alkalis in excess form a phosphatef 
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Ivcorin. The acid is insoluble in water, but swells up slightly in boiling water. 
VV'itli ammonia, potash, and soda, it immediately forms soapy compounds ; with the 
busCvS, insolulde sa^ts. It is insoluble in cold absolut e alcohol, easily soluble in 
boiling: fdcoliol anti in ether (Fr6my, Ann. Ch. Phys. [;i] ii. 474). The musdos of 
vortol^ate animaJs, shaken up with cold weak alcohol, yield to that liquid a viscid, 
jiinbergris-coloured substance, which dissolves but imperfectly in w'ater, and wlien 
(leated witJi sulphuric acid, is resolved into sulphattj of stKlium aud oleophospJioric 
iiciil. Oleophosphate of sodium occurs in almost all parts of thcj animal body, its 
miantitv increasing with the age of the animal, and ditFering in amount in different 
t;|)eeieH*^of vertebrate animals. Pishes witli wliite light flesii (sueh us the. whiting, 
t:oI(s aud plaice) contain but small quantit ies of it, whereas larger quantities are found 
in tlie liorriiig, salmon, mackerel, salmon trout, and other fishes with firm flesh. 
(V^a 1 eneien lies and Pr<imy, Ann. Cli. Phys. [3] 1. 172.) 

':idie yolk of the eggs of cartilaginous fishes contains a fat w'hicli is soluble in alcohol 
;in<l etiu-r, forms a gum with water, and resembles oh'ophosphoric add. Phosphoretted 
f;its arc Jilso found both in the slightly developed and in the ripe eggs of cartilaginous 
fislies. (Valenciennes and Fremy.) 

OliBVM AlirZMiLXiS BZPPSXiXZ. See Bone- oil (i. 625) and Pippel’s Oil 
(ii. ooG). 

OXiSVM JECORZff ASSEEX. Cod-liver oil. Htiile de, foie de moruc. Leher- 
thmn Stockjisch-diran . — This oil is obtained from the livers of various species of 
^riie oil recognised by tlie London pharmacopoiia is that obtained from 
thr coimnon cod {Gadita Morrhna. formerly called Aarlhs 7naJor\ and the ling (6’. 
Mdra or Laid Afolm): it is received from New'foiindland. England was formerly 
supplied wit h tlm oil from Bergen, obtained from the livers of the dorse ( Gadui< cdlannn) 
and coal-lish {G. carlmiarius). From this source Germany and the North of Europe 
still receive their suj)ply. Cod-liver oil is pn^pared on a small scale in the IShelland 
aud on the English coast, chiefly from tin* common cod, the ling and the burbot 
I'Hltftn'is). (^Pi rt iral s AJdteria Mrdica^ Itli ed. 1S57, ii. [2 1 770.) 

When the Jin'rs of the fishes are expesful to the smi, liglit-coloured oil flows out at 
fir>!, hut after a week or a fortniglit, putrefaction sets in and brown oil is obtained. 
(,M a rd er. ) 

n. linuon Cod-liver oil. Dark lirown, greenish by tran-smitted light, tran.sparent in 
thill lavi'i’s. »S|)e(*ific gravity (.)'y20 at 17 5*^ (Do J oiigli), 0-928 at 15‘5‘^ (Murder); 
lia^i a petal liar oelour, disagreeably emjiyreumal ie and hit ter, produces irritation in the 
t Ill-cat, and reddens litmus slightly (De .Tough). Does not deposit any .solid fat at 
■- (Marder). tSolublo in 17 to 20 pt.s. cold or liot absolute alcohol (Do Jongh). 

lives at in 1 pt. alcohol of 0'84G, forming a solution wliicli becomes turbid at 
<)J ’ and deposits the oil at 48^^. (Marder.) 

b. ro/rr hronm. Of tlio colour of Malaga wine. Specific gravity 0'924 ; has a 
pci'uliar, not uiijdeasant odour, fishy ta.sto, producing irritation in the throat, and 
!■< ildens litmus strongly. Soluble in 31 to 36 pts. of cold and 13 pts. of boiling 
■•)h-<ojiil (' aleoliol. (Do Jongh.) 

e. Ibi/er and clearer. Of goUIen yellow colour: spociflc gravity 0’923 at 17*5® 
(!•(' Jv)ijgh), 0-928 at 15*5 (Murder), reacts and tastes like 5, but less strongly 
l»i pcslis a white fat at — 13° (Marder). Soluble in 40 pts. cold and in 22 to 30 pts. 
h nliiig ab.solute alcohol (De Jongh). Oil of haddock’s liver has a specific gravity 
of0!>;il3 at. 11°. (Scharling.) 

Cod-liver oil consists chiefly of •olein and margarin, with smaller quantities of free 
I'utyi ic acid, acetic acid, con.stitueiits of the bile, gaduin, and other peculiar substances, 
about 1 por cent, of salts, and a small quantity of free phospliorus (De Jongh). It 
eoutains iodine, bromine, and sulphur. As volatile acids, Wagner found butyric and 
caprie ackls; fniin turbid cod-liver oil Luck’ s gadinic acid (ii. 756) was deposited. 
•See aualysos of cod-liver oil by Marder (N. Br. Arch. xiii. 153); De Jongh 
(Ami. Pharin. xlviii. 362); Biegel (N. Br. Arch. Ixx. 23); for Winckler’s views 
rf speeting the oil, see J. pr. Pharm. xxv. 140. 

Vdien a mixture of cod-liver oil and strong sulphuric acid is heated with an alkali, 
a pungent odour is evolved, like that of oil of rue; and on distilling the mixture with 
a small quant ity of yellowish oil is collected, having the same odour, lighter 
tliiin water, and boiling at 100°, 

Cod -liver oil treated with alcoholic ammonia, forms a large quantity of amide, 
im-ltiug at 80° (Carlet). Rowney obtained a small quantity of amide melting at 
1^3°, Ina^oining solid and transparent at 94°, containing on the average 75*69 per cent, 
carbon, 12-09 hydrogen and 4*35 nitrogen, and easily soluble in alcohol. 

Cod-liver oil is much used in medicine. It has long been a popular remedy fbr 
nu uniatism aud some other complaints, but its use by medical practitioners is of com- 



198 


OLIBANUM— 0LIG0CLA8E. 


pjiratively roeeut dato. It is chiefly prescribed in cases of rheumatism, scrofula, 
cliroiiic gout, skin alTcctious, phthisis and mesenteric emaciation. Its efficacy may 
jHThaps bo duo to the bromine and iodine contained in it, though it has often been 
doubted wIm tJuT it pussi’ssos any virtues beyond tlioso of the fat oils in general. 

For further del ails respecting the. composition, properties and uses of cod -liver oil 
sec Do Jon gh (L'huHc dt: foie de mono- cvvisac/cr S(ym fAm.s les rapports comme moyen 
thh'apcutiipir^ l^iris, l,8o3) ; respecting composition and properties, see also GviclirCn 
llandhouh (xvi. oL!3). 

or Jneense, A gnm-resiii which cxiuh'S from a tree, probably a 
spe<*ies of Ilafynmodendron (order Ter(‘hiuthacem\ growing in Arabia and India. It 
has Ix'oii burnt from all Mutiquity in ri^ligious eereirionies. It occurs in oblong («• 
roujuied himina', opaque, of yellow or reddisli colour, dull and waxy on the fractured 
.surfac<\ Jt softens l.)etweeji the ti'cth, producing an aromatic slightly rough taste. It, 
IS but partially soluble in watta* and alcohol, melts with difficulty and imperfectly when 
heated, and burns with a. bright while flame on the approach of a taper. According to 
IJracon not (Ann. Ch. i’liys. [2] Iviii. 60) it contains 6li per cent, resin soluble in 
alcohol, 30’S gnm solubh? in Avater ; 5’2 residue insoluble in water and in akohol, and 
8’0 essential oil and loss. Tick rri ej er (Jahresb. IBoS, p. 182) found in olibanum a 
giimwliicli appeared to he idtmtical witli giim-arabie. According to Jo iinston (^ct*. 
cf/.) cojunicrcial olibanum consists chiefly of an acid ivsin containing, on the average, 
7*1 ]'cr crait. carbon and D OS hydrogen, agre<!ing lu'arly witli the formula 

)S ton boil Ann. Cli. Phann. xvxv. 300), by distilling olibanum with water, 
obtained (jf colourless volatile oil, of specitic gi’avity O’SOO at 20^, having 

an odour like' That of oil of turpentine, but more agreeal.de ; insoluble in aqueons alcf.diol, 
bat soluble in all pi-opoi‘tions in ether and absolute alcohol, and containing 83*83 per 
cent. 0, 11 ’27 11, and 4’90 O. 

OXiIDZe ACZB. Tliis iiarm* was given by V ar re n f rapp (Ann. Ch. Phami. 
XXXV. 210) to an acid obtained by the ai-fion of melting potash on oleic acid; according 
to .Heint/, this acid is ixilmilic acid (p. 193). 


OIiIGXSTZC ZROBT. 8yn. with Knn H,a2M\TiTE (iii. 337, 393). 

OltZGOCXiASS. S(>da-ypod?fmnic, Natron-spoduvicn. A mineral of the felspar 
group (ii. 018) occurring in granite, iwiqfliyiy, syenite, serpentine, basalt and trachyte. 
.It forms triclinic prisms in which oo'P : o&P/ = al)ont 120'^; oP ; oofoo « 
93<^ 1;V; oP ; ceP' 115'^ 37'. Cleavage very distinct, parallel to oP and oofoo 
Twins common. 

Hardriess == 6. Specific gravity = 2*r>8 - 2*09. luistrc vitreous, vitreo-pcarly 
or gi-casy. (kdour, yellowish, greyish, red. lish, grecnish-wbite, or Avhitc. Transparent 
to snbtranslucent. hracture coindioidal to uneven. Peto.ro tlie blowpipe it melts 
quickly and more easily than ortlioclaso, to a glass eitlior clear or enamel- like. It is 
not acted upon by acids. 

Analyses: a. Irom Unionville, Pennsylvania {Ihnonitcf where it occurs in granite 
with cuphyllite and coiMindum; specific gravity 2*01 (Smith and Brush, Sill. Am. J. 
[2] XV. 211).-—//. Iloddish from old red ])._u-phyry (Del esse, Ann. Ch. Phys. [3] 
V. 14). c. J..rom the emerald mines of the IJral, in micca-slato: white; specific 
gravity 2’6d6 (Jewreiuow, Ihimmelsherfs p. 613).— of. From Tve- 

destrand in Norway an stone): in gneiss; specific gravity 2*666 (Scheerer.Pogg. 
Ann. Iv. 109.— c. h>om the diabase of Chalai -- ’ -P-P 

white (Lory, Pull, g/'olog. 
homhlendo in diorite. Mas.slv 
n-sellsch. IX. 220, 259). ~ l^om tlio lava of Lako Laacli: specifle gravity 2«6. 
(Houqut Compt. iTud. XIX. 40).— A From the trachyte of Teneriffe : specific gravity 
2’o8— 2*69 (peyille, /or. r// ).— f. From caAdties in the lava near Hafnefiwrd in 
Iceland {Hafmf^ordUe, hmc-oliyoelasi): specific gravity 2 729 (Forchhammer. J. 
pr. Chem. XXX. 489). o x i 



Rilica . 
Alumina 
Fi n ic oxide 
l.inie . 
MaRnOftla . 
.Soda . 
PotaHij. 

Water . 


64-27 
21-21 

0-81 

0- ftS 
10-94 

1- .'tG 
1-08 

1 00*25 99*60 


c. 

ft. 

e. 

/. 

g. 

h. 

/. 

60 - 6 .V 

61-30 

69-4 

57-64 

63 5 

62-54 

61*82 

26 -; j 5 

2 . 3-77 

24-2 

22-99 

22-1 

32-48 

28*88 

0-40 

0-26 

0-6 

3-92 



2*40 

4-1.5 

4-78 

3-7 

8-09 

0-3 

* 2-18 

6*88 

0-25 


, , 

0 37 

1-8 

0*41 

0-86 

. 5 ' i (0 

8-50 

7-0 

5-25 

8-9 

7*84 

2*66 

1-17 

1-29 

8-4 

1-79 

3-4 

4-64 

tricO 

_• • 


1-5 





98-.55 

100-00 

99-8 

100-05 

100-0 

100*00 



numerous Others that have been made of oHgoela(!e «S^ 
ions loc.diticH, may be represented by the general formula 2M"0.2AlW9j8ip^^|>‘‘ 
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OLIGON-SPAR—OLIVK OIL. 

'Iiich tliP oxygen -ralio of the protoxides, alumina and siJiea is as 1 : 3 : 9 (see ii. 618). 
Xi)i‘ ralio between tlie lime and alkalis is soniewliat variable, but the soda is for the 
ao-f part, predomiiiaiif . An isomorphous mixture eoiitaiiiing2(JNa.jK/:i'7‘^^- 
nSi()‘ would cuiitMiii 63‘01 per cent, silica, Mliuiiina, 4-2t lime, ami 8'40 soda, 

li, <,lii>oi‘las(‘ from tbii Ural (e), and soino otliers, tlm jireportion of alumina appears to 
bo coasiilerably greater ; this may arise from loss of alkalis by weathering (or it may 
be line to incorrect deterrni nation of the alkali.s). The mineral from Hafne^'ord (f) 
is reiiiarkahle for the largi* proportion of lime which it contains. 

OlilOOW-SPAIl- Lreitliaiipt’s iiaiiK* for spathic iron (ferrous carhouate) from 

T.liiriifriedersdorf. 

qJjIVB. Oha europa^a . — Tlnmlevelopment of fatty matt er and of mannif i! in the 
ri-Mit v)f tliis tree has been recently examined by l)e UiK-a. ((V)ni])t. rend. liii. 380; 

J7(), o06; Ivii. d'JO; Jahresh. 18(51, p. 730; 18(52, p. oOn'; 1S63, j... (Jll). The 
whieli ah lii'sl weighs only a. few millei^rarnmes, got'.s on increasing in weight till 
X.w'ml.ier, its wa'iglil. when ri^K^ being about 2 grammes; the weight of tlie keriiid 
ii jsvever inen ases only from its first development till August, after which it remains 
.v.?,ili<>iiarv. The di'iisity of the entire fruit, whieli in its early stagi s is about ccpial to 
ilial of w"at.(T, increases to about Id)! when the fruit lias become quite green ; and then 
diriiinislies as the fruit ripcais, the ripest fruits having tlie smallest density (1'007). 
T!ic jiroportion of water in olives diSTeases from 60—70 percent, in the earliost stage 
(,t’ the fruit to 26 per cent, in the ripe fruit. Olivt's yield to sulpliido of carbon a 
N.iricty of siilistances including colouring mat tei*s, and es])eciany chlorophyll, the 
(jiriiility of winch continually diiyiuishes as the fruit ripens. The fat, whicli is present 
Milv iuViuall amount in the ytuiiig fruit, increases continually as the fruit grows, and 
;,tt;uiis its niaximum (69-8 per cent.) in the ripe fruit which has lost all traces of green 
( wliairiiig. Th(' increased development of fat begins at the time when the weight of 
flu- Ivcni. I becomes stationary, ddie furmatiou of fat is accelerated by the action of 
:iir :iJid liirlit. ■, 

'rii..- gre»-ji substance of the leaves and fruit of the olive-tree is always accompanied 
by Ilia II 11 it which imh'cd is present in all parts of the tree. Tlic leaves contain at 
iri-.sl but a small quantity of mannite : it incnsiscs as they grow', but diminishes at 
INiWi-ring linit', and disappiuirs altogtdlicr as the leaves turn yellow and fall. The 
jluwcrs also contain a conshh'rable quantity of mannite; hnl those which hill off after 
iiiibn gnat ion contain not a trace of it. Olives w'lien scarcely form ( m 1 are. rich in man- 
liitc; the proportion of this substance diminishes luAvevcr as the fruit grows; and in 
vi|M: olives, no longer green, but eonlainiiig the maximum of fat, it is altogether 
ah-(Uit. 

()Ii\ e.s, especially in the green state, contain, together with mannite, a peculiar bitter 
i:ulj.sf aiiec, easily soluble in water, less so in alcohol. 

OIiZVS OZZf. This fat oil is extracted from the fle.shy portion or perreih-rp of the 
fi ll i t <jf t he <)1 i VC. Several qua! i t.i es of it arc fou nd in commerce. The best, called virgin 
oil, which has an ngreeabhi odour and is used for culinaiy purposes, is obtained from 
fn, sh olives liy pressure. Tlie oil of .second quality, which is more apt to turn rancid 
tlijin the preceding, in consequence of the mucilaginous particles with which it is mixed, 
is prepared from the pulp of olives from which the virgin oil has been expressed, by ma- 
'icrating it in boiling water, and pressing it again. This oil, c.alled ordmarg oil \huile 
i>^nriiant.,‘\ is chieflydised for oiling goods which are to be dyed wdth Turkey rod. A 
lliiid and still inferior quality of oil, un6t for culinary purposes, is obtained either by 
j-rcssing the olives a second time with w^*lter, or by the use of inferior olives. Lastly, 
a very crude oil called infornal oil {liuiU cTcnffr) is obtained from the water which 
has been used in pressing the olives, and still contains some of the oil in suspension, 
by leaving it to repose in cisterns called enfers. The inferior kinds of olive oil are 
UMfl cliiefly for burning, in the manufacture of cloth, and in soap-making. 

Tiuy’ olive oil has a palo yellow colour, an agreeable taste, and a very faint odour. 
According to Saussure, its specific gravity is 0*9192 at 12®, 0*9109 at 25®, 0*8392 at 
6u‘^ and 0-8624 at 94®, that of water at 16® being equal to unity; according to Pohl, 
is 0 91636 at 17*5® compared with water at the same temperature. It boils at 316® 
(!^a ussure). The cold-preparcd oil contains 77’36 per cent, carbon, 11*46 hydrogen, 
mid 11-29 oxygen. (Lefort.) ^ , 

Ulivc oil is resolved by saponification into glycerin and fatty acids, which, according 
older statements of Chevreul, and of Pelouzo and Boudet, consists^of xnar** 
garic and oleic acids; according to Collett (J. pr. Chem. Ixiv. 108) of palinitic ai^ 
oloic acids ; according to Hointz and Krug (J,bid, Ixx. 367) of oleic, palmitic, bu tic, 
arid b)erhaps also stearic acid. According to Benecke {StudicTit p. 108) olive oil epn- 
hiins cholesterin. 
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Olive oil solidifies at temperatures above 0® C., often ai 10®, small granules sepa. 
rating out ; by cooling and pressure it may be resolved into a permanently fluid, and a 
solidifiable portion cafled oUve-oil tallow, or by Pelouze and Boudet, oieo-margarin ; 
it molts at 22® — 28®. The permanently fluid portion of olive oil consists of triolein. 

Olive-oil treated with moist chlorine and bromine yields substitution products. The 
chlormated oil is colourless, and of the consistence of castor-oil, of specific gravity 
1*078 at 10®, and contains 20*47— 21*01 per cent, chlorine. The hrominated oil is of 
the same consistence, but has a yellowish tint: specific gravity 1*276 at 9*5°; contains 
36-48— 36*37 per cent, bromine. (Lofort.) 

Por further details on the reactions of olive oil, see GmeliiHs Handhoolc, vol. xvii. 
under Trioliin. Kespocting the method of detecting adulterations of olive oil, see 
Oils, p. 181. 

OlbZVSirZTS. Prismatic Arsenate of co 2 )per. Pharmacochalcite. Olivenerff.^ 
A cupric phosphato-arsenate, occurring, sometimes in long rhombic prisms or needles, 
sometimes in spherical or ovoid aggregations resembling malachite ; sometimes fibrous, 
forming the variety called wood-arsenate {Holskupfercrs). Hardness = 3. Specific 
gravity = 4*1 — 4*4; of the wood-arscnatc 3*913. Lustre adamantine to vitreous. 
Colour olive-green, or sometimes brown. Streak olive-green to brown. Subtransparont 
or opaque. Fracture, when observable, conclioidal or uneven. Brittle. 

The principal localities of the mineral are the lledruth and other mines in Cornwall; 
it 18 also found on Alston Moor in Cumberland ; at Camsdorf and Saiilfield in Thur- 
ingia ; in the Tyrol, the Bannat, Siberia, Chile, and other places. 


T'he following analyses are 

of specimens 

from the Cornish mines (Rammelsbcrc’ 

Mincralchemie, p. 374): 

ilichnrd- 

son. 

Crystallised. 

Kobell. Hermann. 

Damoiir. 

Fibrous. 

Hermann. 

Arsenic Anhydride 

39-85 

36*71 

33*50 

34*87 

40*50 

Phosphoric Anhydride . 

. . • 

3*36 

6*96 

3*43 

1*00 

Cupric Oxide 

66*42 

56*43 

66*38 

66*86 

61*03 

Ferrous Oxide 

. • . 




3*64 

Water 

3*73 

3*60 

4*16 

3*72 

3*83 


100*00 

100*00 

100*00 

98*88 

100*00 


Tho analyses load to the formula 4Cu"0.(A8 ; P)*0*.H'-'0 or (5u®(A8 ; P)*0". 
Cu'TI*0^ which, if tho number of atoms of .arsenic be supposed to be six times as great 
as that of the phosphorus atoms, will give 35*70 percent, A8■■■'0^ 3*69 P'^0*' 57*40 CuO 
and 3*21 IPO. » • . 

Olivenito is hommomorphous with libcthenito from Hungary, Cu3p«0".Cu"H20®. 

OZiZVBWOZB. Shepard’s name for a mineral resembling olivin, which he sup- 
poses to exist in certain meteorites. 


OX.XyzZi. C'H'W. (Pelletier. Ann. Ch.Phys. [2] iii. 105; li. 196. Sobrero,J. 
Pharm. [3] ni. 286). — A neutral substance occurring together with resin and a little 
benzoic acid in the gum of the olive-tree. To obtain it, the finely powdered gum is 
digested with ether to remove the resin, and the residue is boiled with alcohol. The 
quickly-filtered solution solidifies to a crystalline mass, which is purified by washing 
with cold alcohol and re-crystallising from a boiling alcoholic solution. (Pelletier, 

Olivil separates from absolute alcohol in colourless anhydrous crystals, which are in- 
odorous, and have a bitter-sweet, somewhat aromatic taste. At 118® 120® it melts 

without loss of weight to a transparent liquid, which solidifies, on cooling, to a colour- 
less or yellowish transparent resin, which cracks, and, when powdered, becomes electric; 
heated to 70®, it again becomes fluid, but crystallises from alcohol in its original 
state. It is very soluble in water, espe6ially at the boiling heat ; it dissolves in aU pro- 
portions in boiling alcohol, and in small quantity in ether and in oils. 

Anhydrous olivil contains, according to the mean ofSobrero's analyses, 61*01 per 
cent, carbon, and 7*08 hydrogen ; tho formula requires 61*09 carbon 6*9 hy- 

drogen, and 32*01 oxygen. Olivil crystallises from water in colourless transparent 
pnsms, wtaming C*^H'-OMPO or 6*33 per cent water, half of which they give off 
vnen dtied in a vacuum and the whole when melted. 

subjected to dry distillation melts and puffs up, giving off 
O^cetic acid according to PeUetier) and pyroli vilic acid, whilst abfack pasty 
mass, partially scfiuble in alcohol, remains behind. By prolonged heating, other vol- 
? f''?™ Pyrolivilie acid, arc obtained, tiU ft last cha^l nmaiiH 

IsoDwroJ.— 2 It burns with a white flame, and leaves a large quantity of porous ehiuf 
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coal.— 3. Chlorine^ parsed into aqueous olivil, throws down brown flakes containing chlo- 
rine, which are afterwards decomposed, with evolution of carbonic anhydride — 4. Strong 
.vdjihuric acid colours olivil blood-red,^ and then carbonises it; from a moderately 
dilute nquoous solution of olivil it precipitates olivirutin. — 6. Dry olivil absorbs 
htfdrocMoric acid gaSy becoming transparent and green, and, on heating, is converted 
into olivirutin (p. 202). — 6. Strong nitric acid attacks it violently, with abundant evo- 
lution of nitric peroxide. With nitric acid diluted with its own volume of water, it forms 
A deep red-yellow solution, which, when heated, becomes nearly colourless, evolving 
scarcely any red fumes, but much hydrocyanic acid, and contains, aft(!r tlie reaction, a 
large quantity of oxalic acid.--y ery weak nitric acid colours aqueous olivil reddish- 
yellow.— 7. A solution of olivil in caustic potash assumes a yellowisli-greon, after^vards a 
brown colour, more especially on exposure to the air.— 8. Chromic acid and dichromato 
of potassium precipitate aqueous olivil in brown flakes, which soon become green and 
granulated, and appear to consist of the chromium-salt of an acid formed by the oxi- 
dation of olivil. No gas is evolved in the reaction.— 9. Peroxide of lead \% decolorised 
by l)oiling with aqueous olivil, without evolution of gas, and, after some days’ boiling, 
is converted into a hght powder containing oxide of lead and a resinous oxidation-pro- 
duct of olivil. — 10. Aqueous olivil colours sxdphate of copper ^ on boiling, pale-green; 
it immediately reduces gold and silver- salts. (Sobroro.) 

Lead-salt of Olivil. On adding ammonia to a solution of nitrate of lead containing 
a large excess of olivil, a white precipitate is formed containing 34*4 per cent, carbon, 
31— 37 hydrogen, and 46-2 — 45’0 lead-oxide, agreeing nearly with the formula 
C'ai'*'0srpb"0. 

0£zvxxr. ChrysolitCy Boltonitey ForsteritCy GlinhitCy Hyalosiderite. Peridote. 

A siiicate of iron and magnesium 2(Mg; FoyO.SiO* or (Mg"; occurring 

fiomutimos in transparent crystals (chrysolite), but more usually in imbedded masses or 
grains, in lava and basalt, and in many meteorites (iii. 977). The crystals are trimetric, 
haring the ratio^of the axes A ; c = 0*466 : 1 : 0*5867. Angle ooP : oeP = 
49-58 ; oof>2 : ccV2 = 86*0°; Poo : foo (basal) = 60° 48'; 2f>oo : 2foo (basal) =. 
99° 7'; Poo ; Poo (basal) « 103° 6'. They are usuallv short prisins formed by the 
vortical prismatic faces above mentioned and the faces ooPoo and ooPoo ; the ends are 
bdvolled with ono or more of the above-mentioned domes, or terminated by tlic basal 
face oP, the latter however seldom predominating. Cleavage tolerably easy parallel to 
coPx (Kopp’s Krystallographie). Hardness = 6*7. Sp({cific gravity = 3*33 — 3*5. 
Lustre vitreous. Colour green, commonly olive-green, sometimes brownish ; black in 
Home highly ferruginous varieties ; rarely white. Streak uncolourcd. Transparent. 
Fracture conchoidal. 

Olivin rich in iron melts before the blowpipe to a black magnetic bead, but the varie- 
ties Containing but little iron are infinsible. Olivins are decomposed by hydrochloric 
acid, llie iron olivins also more easily than the others. According to v. Kobell, olivin 
forfns a jelly with sulphuric acid. 

Analyses: a. For sterile ivQm Somraa; whito, crystallised; specific gravity 3'243 ; 
slowly gelatinising with silica (Rammelsborg, Miner alchemiey p. 437).— A. BoUonite 
from Poitou, Massachussetts : greenish-yellow; specific gravity 3*328 (Smith, Sill. 
Am. ,T. [3] xviii. 372). — c. Grains from the Thjorslava, Hecla : specific gravity 3*226 
(Genth, Ann. Ch. Pharm. Ixvi. 20). — d. ChrysolitCy from the East (Stromeyer, 
logg. Ann. iv. 193). — e. From the fumarol© of Movscala, Etna : crystallised; specific 
^avity 3*334 (v. Walters hausen, Vulkanische GesteinCy p. 117).—/. From 
letschau in Bohemia, in basalt (Kammelsberg). — g. From the Pallas meteorite 
(btromeyer, loc. cit.). — h. From the meteoric iron of Atacama (Schmid, Pogg. 
Ann. Ixxxiv. 601). — i. From Tissersk in the Ural, in mica-slate; specific gravity 

3-39-3*43 (Hermann, J. pr. Chem. xlvi, 222). 


Silica , , 

Jtignesia , 
rerrous oxide . 
Manganous oxide 
oxide 
Alumina 

Loss by ignition ! 


a . 

6. 

c. 

d . 

e . 

/. 

<r- 

h . 

s '. 

42*41 

42-31 

43*44 

89*73 

41*33 

44 67 

38*48 

36*92 

40-04 

63*30 

61*16 

49*31 

60*13 

47*44 

41*84 

48*42 

43*16 

42-60 

3*33 

2*77 

6*93 

9*19 

10*38 

10*76 

11-19 

17-21 

17*58 

. . 

. . 

. , 

008 

, . 

, . 

0*34 

1-81 


, , 

6*1*8 

1-90 

0*32 

0*32 

0*22 

0*21 

0*64 

2*35 

0*23 

6*1*8 


0*15 

98*0» 

98-32 

100*00 

99*67 

100*00 

99*85 ' 

98*61 

99*10 



and numerous others of olivin from various localities may he repre* 
oth ' gf^neral formula above given, the magnesium and iron replacing each 

^sojnorphously. For other analyses see Rammelsberg’s Mincralchcmicy pp. 437‘<* 
u Jahresb. 1861, p. 987 ; 1862, 727 j 1863, p. 803. 

ftf (iii- 177) may be regarded as an olivin, (3Fe".JMg'')2SiO*, having part 
tue silica replaced by alumina. 
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Eulysite-oUvin, from thfl gneifis of Tamiborg in Sweden (ii. 606), contains 29*34 pp, 
cent silica 3 04 niaga^'sia, .')4-71 ferrous oxide, 8-39 manganous oxide, 3-07 lime, and 
l-2l’ alumiua, and may be represented by the formula (JMn.^Mg.^\Ca.jF©.)\SiO< 
or fiMn.iMg./:Ca.j‘'SiO ‘ + 3Fo-^SiO». 

Darno'ur (Ann. Min. [4] viii. 90) descrilx's as titaniferous oliTin a mas. 
sire red-brown mineral from the mica-slate of Pfuiiders in the Tyrol, having a specific 
gravity of 3-2o, and containing (mean of two analyses) 36-58 per cent, silica, 4-4() 
titanic anhydride, 4U'89 magacsia, 6*10 ferrous oxide, 0 60 manganous oxide, and 1*73 
water. 

OtlVIRITTIW. A red substance produced by the action of sulphuric or hydro- 
flilorie acid on oUvil. It is precipitated on pouring strong sulphuric acid into a 
concentrated solution of olivil, in red flocks, which ultimately dissolve in the acid, but 
arc rcprecipitated by water. It dissolves in ammonia with fine violet colour; also iu 
alcohol, whence it is precipitated by water. It contains from 68*0 to 69-1 per cent, 
carbon, and 5-9 to 6-4 hydrogen, and according to Sobrero, differs from olivil by the 
elements of water. The alcoholic solution precipitates basic acetate of lead, and after 
addition of ammonia, likewise barium- and calcium-salts; it precipitates cupric acetate 
after Homo time. 

OUVZTZS. A bitter substance obtained by Land or er from unripe olives, by ex- 
traction with dilute hydrochloric or sulphuric acid and precipitation with water. It 
dissolves in alcohol, and separates, after concentration, in bitter neutral crystals, insolu- 
ble in water, but soluble in dilute acids. The same substance appears to have been 
obtaim'd from the leave.s of iho olive tree by a different process. (Ilandw. d. Chem. v. 
696. — -(rm. xvi. 197.) 

OMXCKASYl^, oaLZX>E OF. A substance contained, according to Scbarling 
( Ann, Ch. Pharm. xlii. 265), in the ethereal extract of urine It is of resiiioiig 

consistence, melts in boiling wnter to a yellowish oil, and dissolves in alcohol, ether 
and alkalis. Chlorine converts it into a substance said to have the composition of chloride 
of salicyl, C^lI'O-Cl. 

01M[PKil.ZZTS. A foliated leek-green variety of augite, having nearly the com- 
position of diopside, but with rather more iron. Specific gravity 3'23 — 3*3. It 
accompanies granular garnet on the San Alp; occurs also in Carinthia and near Hof 
in llayreuth, with the smaragdite variety of hornblende, which it miieh resembles. 

OXTEOXTE. Oothite from Lake Onega. 

OXSTKOSIET. An argillaceous mineral from the Salzburg Alps, occurring in round- 
ish pieces, having an apple-green colour, sometimes greyish or brownish, with wcuk 
greasy lustre ; translucent. Hardne.ss = 2. Specific gravity 2-8. Fracture fine- 
splintery. Fuses with intumescenco before the blowpipe to a white blebby glass. 
►Soluble in sulphuric, insoluble in hydrochloric acid. Contains 52-62 per cent, siliea, 
30*88 alumina, 3'82 ferrous oxide, 6*38 potash, and 4 60 water, (v. K o b e 11, J. pr. Chem. 
ii. 295.) 

A mineral from the Ochsenkopf near Schwarzenberg, usually regarded as an agfil- 
matoUte, and found by John (Ann. Phil. iv. 214) to contain 65 per cent, silica, 30 
alumina, 1 ferric oxide, 1-75 lime, 6-25 potash, and 6-5 water, belongs properly to 
onkosin. (Scheerer.) 

OETOCERXW. (Hlasiwotz, J. pr. Chem. Ixv. 142.)— A crystallisahle 

substance contained, together with ononin, in the root of Ononis spmosa^ and separating 
from the concentrated alcoholic decoction in strongly coloured crystals," which may l>e 
purifiod by prc.ssure, washing with cold alcohol, and rocry.st:illisation from boiling 
alcohol, with aid of animal charcoal. It forms interlaced capillary crystals, insoluhlo 
in water, sparingly soluble in ether, perfectly soluble in boiling alcohol and in warm 
oil of turpentine; melts to a colourless liquid, which solidifies to a crystalline mass, 
and is not altered by boiling with hydrochloric acid, or with potash-ley. CUorir.t at 
100°, converts it into chloronocerin, C**H'*CPO, a resinous substance, insoluble in 
water and in alcohol, easily soluble in ether. 

OXTOFRZTE. Native selenio-sulphide of mercury (iii. 912). 

OWOXSTBTXXir. C‘**IP^O**. (Illasiwetz, loo, cit .) — A substance produce^ 
together with glucose, by the action of dilute acids on onospin (p. 203) : 

= C«n«0« + 2C«H»0*; 

also by boiling formonetin (ii. 696) with baryta-water: 

+ 4H»0 =» 2CH«0* + 

Formontitiii. Formic Ononetlii. 

aciU. 
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To onospin is boiled with about ten times its weight of water, and sul- 

phuric acid is added drop by drop till tlie solution becomes turbid. On continuing the 
^be ononetin collects at the bottom in a fused mass which becomes crystalline 
on fO(ding» and may be purified by recrystallisation from strong alcohol. 

Ononetin forms long, colourless, brittle prisms, grouped in stars or bundles, nearly 
liis»jliible in water^ soluble in alcohol^ slightly soluble in warm etlhcr^ more soluble 

alkalis. It gives off 1-86 per cent, water at 100°, melts at 120°, and solidifies in 
a nidiutfi mass on cooling; it cannot bo volatilised. Its solution does not precipitate 
■my metallic salt , except hasio acetate of lead. It is coloured red by strong sulphurio 
]irU and peroxide of manf/aiiese^ deep red by ferric chloride. When heated with 
iiitriearid, it melts like a resin, and oxidi.ses, emitting a very irritating odour; the solu- 
limi coiitaiii.s oxalic acid, and apparently picric and oxipicric acids. The amraoniacal 
Milulion, when exposed to the air, acquires a fine deep green colour, and hydrochloric 
acid tlieii throws down from it a dark red resinous substance soluble in alcohol. 

ONOHrXDB. This name was given by Reinscb (Kepert. Pharm. [2] xxvi. 12) 
to a substance restunbling glycyrrhizin, which he obtained from the mpieous decoc- 
li.iii oi the root of Ononis spmosa by precipitation with sulphuric acid. Illasiwetz 
however found the substance thus obtained to beef variable composition, and is of 
opinion that the root contains true glycyrrhizin, which gradually becomes ^tered by 
oxidation. 

ONOXirXM'. substance existing in the root of Ononis sjnnosa ; dis- 

covered by Reinsch (loc.cii.), further investigated by Illasiwetz (Wien. Acad. Ber. 
x\'. 1 12). It is prepared by precipitating the clarified aqueous decoction of the root 
witii a slight excess of basic acetate of leufl, decomposing the precipitate with sulphydric 
jicid, ;ind treating the washed and dried sulphide of lead several times with boiling 
:iI<(»hol. U.dio alcoholic liquors freed from alcohol by distillation, and left to evaporate, 
d' posit the oTionin in crystalline nodules, which may be freed from adhering brown 
resin by troatinent with alcohol. (Hlasiwetz.) 

Pure ononin forms colourless needles or scales, tasteless, inodorous, insoluble in 
cold water, sparingly soluble in boiling water ^ more soluble in boiling edeohoU nearly 
in^olnble in ether. It melts and turns brown at 2;i5°. Contains according to 
Illasiwetz, 68 28 — 01*76 per cent, carbon, and 5*16 — 6*08 hydrogen; the formula 
Jilidvt^ given requires 50-80 carbon, 5*46 hydrogen, and 34*71 oxygen. 

The alcoholic solution of onornn does not precipitate any metallic salts except hasio 
(irrfiitr of lead, with which it forms white flocks. It is not coloured by ferric chloride, 
1)1' by ehlorinc’water. It is dissolved at the boiling heat by caustic potash, and more 
easily by baryta-water, yielding a formate and onospin: 

C82n®«0« + 2H20 + 2CH‘-02 

Ononin. Onospin. Formic 

aciitp 

.Strong sulphuric acid dissolves it, forming a reddish-yellow solution which becomes 
cherry-red after some time, and immediately assumes a fine crimson colour on addition 
oi' a fow grains of manganic peroxide. Hydrochloric acid and dilute sulphuric add 
dissolve ononin with aid of heat, yielding formonetin and glucose : 

« C®«IP®0‘» + 2C®H'®0» + 2H20. 

Boiling nitric acid dissolves it, with deep yellow colour, producing oxalic acid. 
(Hlasiwetz.) 

ONOXrzs. The root of the spinous rest-harrow ( Ononis spinosa) contains, accord- 
ing to Hlasiwetz, two crystallisable substances, ononin and onocerin, a substance 
allied to glycyrrhizin, and citric acid, besides the constituents common to all plants. 

The ash of the root was found by Bukeisen (Jaliresb. 1855, p. 717), to contain 
15-76 per cent, potash, .8*78 soda, 2*09 chloride of sodium, 20*87 lime, 13-37 magnesia, 
4-29 ferrous oxide with trace of manganese, 4-86 silica, 7*93 phosphoric anhydride, 8*88 
sulphuric anhydride, 8*60 carbonic anhydride, with 12*60 sand and charcoal. 

OKOSPnir. C®®II**0**. (Illasiwetz, loc. cit.) — A substiinco produced, together 
with formic acid, by boiling ononin with baryta-water. After all the ononin is 
dissolved, a stream of carbonic acid gas is passed into the liquid, and the precipitate is 
washed with cold and digested in boiling water, which dissolves the onospip, and 
deposits it on cooling as a white interlaced crystaUino mass. It is insoluble in ether, 
but easily soluble in alcohol. It dissolves also in alkalis, arid is precipitated by acids, 
H melts at 162°, and solidifies to an amorphous mass on cooling; may be heated to 
200® without decomposition ; yields a slight sublimate when heated in a tube. It is 
coloured dark carmine-red by sulphuric acid and manganic peroxide. Its aqueous or 
alcoholic solution gives a dark cherry-red colour with ferric chloride. When heated 
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with hydrochloric or dilute sulphuric add^ it resolved into glucose and ononetin 
(p. 203). 

OXffTX. A chiilcedonic variety of quartz, resembling agate, but having the colours 
— usually a light clear brown and an opaque white— arranged in flat horizontal plants 
When the layera consist of sard and white chalcedony, the stone is called sardonyx. 

OOlkXTS (from w6v an egg). — A lime-stone rock consisting of minute spherical 
grains resembling the roe of a fish. In some oolites the individual grains are formed 
of concentric layers enclosing a nucleus of some foreign substance ; in the oolite of 
the Karlsbad springs, for example, this nucleus usually consists of granite. 

OOSXTE. A mineral resembling pinite from tho porphyry of Oos near Greroldsauin 
Iladen. Nosslor (Jalircsb. 1861, p. 1008) found in oosite from Gunzeiibach and 
Seiighofen, 68-69 silica, 2-289 alumina, 4 09 ferrous ( « 4*64 ferric) oxide, 0-22 
inagiicsia, 4-94 potash, 1’14 soda and 5*11 water {=*= 100-27). 

OPAXi. Native amorphous hydrated silica, occurring in masses having a conchokUl 
fracture, vitreous lustre sometimes inclining to resinous or pearly, and white, yellow 
brown, green, or grey colour according to the foreign substances present, sometimes 
exhibiting a rich play of colours, or different colours by rofracti*d and reflected light. 
Hardness =a 5-5 — 6*5. Specific gravity = 1*9 — 2 3. It appears to be a mixture of 
several hydrates of silica and various adventitious substanc(‘s, such as ferric oxide 
alumina, magnesia, alkalis, &e. ; the proportion of silica varying from 73 to 95 per 
cent., and that of water from 3 to 12 per cent. Pulverised opal, like artificially 
prepared amorphous silica, dissolves in hot potash-ley, a character by which it is 
distinguished from quartz (crystallised silica). Opal is infusible l)eforo the blow- 
pipe, but gives off water and becomes opaque. Some varieties containing iron turn 
red. 

Tho following varieties of opal aro distinguished according to their colour and other 
physical properties. — 1. Precious or generally white or colourless, and ex- 

hibiting a rich play of colours, green, red, blue, and yellow of various shades. When 
large and exhibiting its iridescence in perfection, it is a very valuable gem. It occurs 
in porphyry at Czernewitza near Kashau in Hungary, at Praukfort, and at Gracias a 
Dios in Honduras. — 2. Fire opal or Glrasol: a transparent opal coloured liyacinth-red 
to honey- and wino-yellow by ferric oxide, sometimes with blue and yellow shades ; 
occurs at Zimapan in Mexico and in the Faroe islands. — 3. Coinmo 7 i opal : of various 
colours, but only translucent or semi-transparent and witliout iridescence ; abundant in 
Hungary, the Faroe islands, Iceland, the Giant’s Causeway, and the Hebrides : found 
also near Smyrna,— 4. TTyalite : mostly quite traii.sparont and colourless, or enamel-like, 
but neither bright-coloured nor iridescent; occurs in amygdaloid at Schemnitz in 
Hungary, and in clinkstone at Waltzseh in Bohemia ; also in several localities in the 
United States. — 6. Semi-opal: generally translucent at the edges only, and with a 
waxy, not glas.sy lustre; found near Hanau. — 6. Wood-opal is a semi-opal having n 
peculiar ligneous structure, produced in fact by tho silicatisal ion of fossil wood; it 
terms large trees in tho punii(*,o conglomerates of Saiba near Nousohl and Kremnitz in 
Hungary, in baroe, near Hobart Town in Tasmania, and other trap-countries. The 
following varieties occur as concretions or coatings,--?. Menilite: brown opaque 
compact reniform masses, imbedded in adhesive slate at Menil Moiitant near Piiri.s.- 
8. Cacholong : nearly opacpie, of porcelain or bluish-white colour ; adheres to tho tongue, 
contains a small quantity of alumina with 3 -5 per cent, water; it is closely allied to 
Kydrophane, ai^ often associated with it; occurs in loose masses in tho river Cach in 
Hucharia. 9. Opal-jasper in a variety containing several per cent, of iron. — 10, Silicicus 
sinter is a loose silicious aggregate depo.sited by tho Geysers of Iceland, where it 
presents porous, stalactitic, fibrous, cauliflower-like, and occasionally compact concre- 
tions, gt^serite by Damour. — 11. Pearl-sinter or Fioritc occurs in the cavities of 

volcanic tufa, in smooth, shining, globular and botryoi'dal masses, having a pearly lustre. 

^2. fi-om tho island of St. Michael in the Azores, is a white pearly variety; 

specific gi-ayity 1-88.-13. Almnocalcite is an impure opal of a bluish milk-white 
colour containing 6 per cent, lime.— 14. Some, if not all tho silicious deposits formed of 
intusonal remains also consist of amorphous soluble silica (some, however, likewise 
contain quartz). Randanite {silice gelatineuse\ occurring as a fine earth or in com- 
pact earthy masses at Cessat near Pont Gibaud (Dep. l>uy.de-Dome) and in tho neigh- 
bourhood of Algiers, is a variety of this kind. 

Some varieties of opal lure found, with galena and blende, in metalliferous veins; it 
also occupies the interior of fossils in sandstone. Its formation is due to the solubility 
especially in hot water or water containing carbonic 
unVri ^ being dissolved out by spring waters from decomposed silicates, 

deposited under favourable cu-cumstaiicos in a state more or less approaching to 
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0PA.& Alil*OFHAWI!. Syn. with Schrottbkitk (q, v.) ; — also with chrysocolla 
or of copper (see Silicates). 

OPHXOtiTB. A name applied by T. S. Hunt (Sill. Am. J. [2] xxv. 217; 
Jrtlircsb. 1869, p. 785) to serpentine (pure ophiolite) and its varieties (see Skbpentinb. 

OPHXTS> Syn. with Seupentinb. 

OPBXTOXrB. This name is applied by Corenwinder (Jahresb. 1847-8, p. 
1279 ) to the porphyry of Ternuay, a rock consisting essentially of felspar and augite. 

OPXAMMOXrB. See Opianic Acid, Amides op (p. 206). 

OPIAHXC ACX». COH^O* = or (Liebig and 

Wtlhler, Ann. Ch. Pharm. xliv. 126.--Wd hler, ibid. 1. 1.— Blyth, ibid. 1. 29.— 
Anderson, Edinb. Phil. Trans, xx. [2] 347. — Matthiossen and Poster, Chom. Soc, 
J. ivi. 345.) — An acid produced, together with cotarnino, by tlie oxidation of narcotine : 

C'^-JP^NO^ + O = 

NiircotiiiH. Ootarninc. Opianic acid. 

<*• action of sulphuric acid and peroxide of magancso or peroxide of lead ; hy 

l]m action of boiling nitric acid; by boiling hydrochlorate of narcotine with platinic 
chloride and water. — Also, hy boiling teropiamraone (triopianarnide) with potash-ley. 

The following is tlie inode of preparation recommended by Matthiossen and 
Foster: 100 grms. of narcotine is dissolved in a considerable excess of dilute sul- 
phuric acid (150 grms. acid and 1500 grms. water) ; the solution is heated to boiling, 
and 150 grms. of finely powdered black oxide of nianganese (containing 60 percent, 
iv.il peroxide) is added as quickly as possible, care being taken that it does not cause 
the liquid to froth over; when the whole quantity of peroxide has boon added, the 
mixture is quickly filtered througli a funnel surrounded with boiling water. The fil- 
trate oa cooling becomes half solid, from separation of crystals of opianic acid; and by 
twice recrystal Using this product from boiling water it is obtained nearly pure, though 
still retaining a slight brownish colour, from w’hieh it may bo freed, if necessary, by 
boiling with dilute liy[)oclilorite of .sodium, and decomposing the resulting solution 
with hydrochloric acid. The opianic acid is then deposited as the liquid cools, and 
limy be recpystallised from boiling water. 

9.— Opianic acid ciystalliscs in thin prisms, often radiating and interlaced. 
It is colourh'ss, has a bitter taste and slight acid reaction, dissohes sparingly in cold, 
ciisily iir boiling water, also in alcohol and in ether. It; melts at 140^ without loss of 
weight, and is not volatile; but if more strongly heated in a retort, it creeps up tho 
sides snd may thus be distilled without actually volatilising. When heated in contact 
with the air, it gives off’ aromatic vapours w^hich smell like vanilla, and burn with a 
suiuky flame. 

Opianic acid suffers a remarkable change under the influence of heat. The melted 
acid remains soft and transparent for .some time after cooling, but ultimately loses its 
transparency, and becomes hard and milk-white. In tliis state it has the same composition 
as tile crystallised acid, but differs from it considerably in its properties, being insol- 
uble in water and alcohol, and even in dilute alkalis, dissolving only after prolonged 
boiling with caustic potash. 

l.^<vuniposiiions. — \, Opianic acid heated with nitric acidy platinic chloride^ or ml- 
pkuric acid and prraxide of leady is converted into hemipinic acid, — 

2. )i\ henit is mixed with a large excess of potash-ley, and evaporated nearly to drvness, 
It IS resolved into h e ni ipin i c acid and meconin: 2U*®H»®0®= C'®H'®0*+ C*®11'®0^ 
(.Mntth lessen and Foster). — 3. By the action of nascent hydrogen, as when its 
•' iiKons solution is warmed with sodium-amedgamf it is converted into meconin 
(Matthiessen and Foster): 

C'®H'®0» + H* == C«»H»®0® + H*0. 

V” fused in a current of diy chlorine^ it gives off hydrochloric acid, and yields 
yrllow’ish-red resinous products (Wohler). — o. When heated with three or four times 
Its weight of strong hydrochloric acid, either to 100° in a sealed tube, or to tho boiling 
point of the acid in an open vessel, it is decomposed, with evolution of methylic chloride 
ami carbonic anhydride, and formation of an acid coniaining C®ll*0® (Matthiessen 
aud Foster): 

C‘PH>®0® -r IICl « C®IPO» + CH’Cl. 

A similar decomposition appears to take place when opianic acid is boiled with 
imung hydriodic acid, methylic iodide being given off 'without separation of iodine 
(Matthiessen and Foster). — 7. dissolves opianic acid, producing 

Jpiano-sulphurous acid. — 8. The aqueous solution of opianic acid does not appear 
° be altered by sulphydric acid at the boiling heat, but on cooling to 70° it is con- 
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verted into sulphopiimic acid, C*®H*®SO*, witliout formation of any other proauct 
(Wohler). 

' ^ C»®H'®0® + = C‘®II‘»SO^ + IPO. 

Opianates. C'®H®M0® or C*®H“*M"0*® according to the atomicity of the metal. 
A boiling Holutioii of the acid decomposes the carbonates of barium, calcium, load and 
silver, forming cry stall isable salts. 

The ammoniwii-mlt is obtained in largo tabular crystals by spontaneous evaporation 
of a mixture of alcohol and a saturated solution of opianie acid in :immonia. Tho 
ammoniacal solution unmixed with alcohol yields by evaporation an amorphous trans. 
parent mass, which dissolves but partially in water, leaving a residue of opiumniono 
\vid. inf,). 

The iarhim-saltf C“II'"Bba”0*® 2H’'0, forms radiate prisms which effloresce with 
loss of 6 per cent, water (= 2 at.). The cahmm-mlt is soluble and crystal lisahlo. 
The lead-salty C'*®H'®P[)l)''0'®.2H‘^0, forms shining, transparent, manimellated, spai inglv 
soluble crystals, which melt at 160^, and begin to clocomp(jS6 at 180°. From hot huIu*. 
tions it sometimes crystallises in tuft s of small silky prisms wliicli are anhydrous. It 
is soluble in alcohol. The silver-salty C‘"lPAgd\.rH“0, crystallisc's in transparfiit 
shortened prisms, which appear yellow in mass. They give ofi’ their water at 100°, 
and melt with decomposition at 200°. 

Opianatc of Ethyl. Opianie Ether. C^®H®(C‘H®) 0®. — F orm ed by passing sul- 
phurous acid gas into a hot alcoholic solution of opianie acid, and deposited from tli.^ 
concentrated liquid in tufts of small prisms or in spherules (W dhlor). Or it inuy he 
produced by heating oj)ianic acid with alcoholic, hydrochloric acid to 100° in a sealiil 
tube, precipitated by pouring the contents of the tube into water, and obtaiiuul h; 
crystallisation from alcohol in hemisplierical masses of brilliantly vrhito radiiitiu;; 
needles (M a 1 1 h i e s s e n and F o s t o r). It is inodorous, but has a slightly bitter ta.ste ; 
is insoluble in U'ater, but dissolves easily in alcohol and ether; melts at 92'^ 
(Wohler) ; at 88° (Mattliiossen and Foster), and solidities in a radiated muss on 
cooling. It may bo sublimed between two watch-glasses. When heated some degrci-s 
above its melting point, it remains for a long time soft and amorphous ; it bears a high 
temperature without decomposition. (W dhlor.) 

By boiling with water, it is slowly converted into alcohol and opianie acid, more 
quickly by potash. It is not attacked by ammonia in the cold. (Wohler.) 

Acids derived from Opianie acid. 

OpiANO-STJLPHtmous Acid, C'®TT"S0®? (Wohler, loc. cit.) — This ncid,ohtiiinfd 
by evaporating a solution of opianie acid in hot aqueous suJj)hurous acid, is a transpaTenl, 
crystalline mass, which dissolves the carbonates of barium and Icfid, forming crystallised 
salts. — The barium-salt forms shining ccdoindcss rhomboi'dal tablets wliicli give olf 
water and begin to decompose at 140°.-— The lead-salt crystallises in four-sided prisms 
with dihedral summits and having their latj'ral edges replaced by broad faces, so tluit 
the crystals appear hexagonal. They give off 6*5 per cent., that is, half of flair 
water of crystallisation at 180°, the rest with slight decomposition at 170°. The crys- 
tellised salt gave by analysis 29-23 per cent, carbon, 3 00 hydrogen, 8*10 sulphur, and 
'26-67 lead-oxide, agreeing approximately with the formula C*®IlTbSO®.3lI-0 (vid. 
Gerhardt, Traitiy iv. 87). 

SuLPHOPiANic Acid, C'®II'®0'‘S^, produced by the action of sulpliydric acid on 
opiunic acid(p. 205), forms delicate yellow prisms which soften below 100°, and become 
completely fluid at the temperature of boiling water, forming a pale yellow oil whirh 
on cooling solidi6es in a transparent amorphous mass. This acid gives by analysis 52'4 
— 53*0 per cent, carbon, 4*2 hydrogen, and 14*3 sulphur, the formula requiring 63'1 C, 
4-4 H, 14;1 S and 28-4 0. (Wohler.) 

The acid decomposes above 100°, and when calcined, takes firo and bums with a 
sulphurous flame. 

The amorphous acid dissolves in alkalis, and the solution of its ammonium-s^dt 
forms with lead- and silver-salts, precipitates which are easily decomposed when heated 
in the liquid. — The behaviour of the crystallised acid with bases has not been 
examined. 

®^*^*^*C ACZDf AMZDSS OF, Two of these bodies are known, viz. : 

- “"="»• • »=■ - '»«■ 

- (C.nW)*N.H>0,- + NH* - 2H*0- 
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« th these compounds are resolved by alkalis into opianic acid and ammonia, but only 
tlip iirst appears to be producible by the dehydration of opianate of animoniuin. 

Opiammone, — A solution of opianic acid in ammonia leaves, 'when 

'■ noriilod at a very gentle heat, an amorphous transparent mass, wliich becomes 
^ 'ik'vvliitc when treated with water and dissolves but partially, leaving opiammone. 
The dried residue may bo completely converted into this compound by heating it to a 
temperature a little above 100°, us long as ammonia is given off, and the product may 
he freed from the last traces of opianate of ammonium by boiling with w^ter. 

Opiitniniono is a pale yellow crystalline powder, insoluble in cold water^ and but 
little attacked by boiling water ; but when heated with water to 150° in a sealed tube 
it dissolves coni] detely, as opianate of ammonium. Wlien heated it creeps along tlio 
sides of the vessel without subliming, but if strongly heati^d in contact with air, it 
deooinposes. It is not altered by heating with dilute acids. Cau.Htic foUtsh 
converts it, wit h evolution of ammonia, into opianate of potassium, and the potassiiim- 
nalt of anotlier acid not yet analysed, which AViihler designates by tins name xaiitlio- 
ppiiic acid. On a<lding bvdrochloric acid to the solution, xanihopenic acid is precipi- 
tated in yellow flakes and the remaining liquid deposits crystals of opianic acid. 
(Wohler, Iw. cit.) 

Teropiammone, C*“II^N0**, isproducedhy the action of dilntenitric acid upon nar- 
cotine ; no other mode of preparing it has yet been discovered. It crystallises in slender 
colourless needles, insoluble in water, sparingly soluble in cold alcohol., rather more in 
boiling alcohol, very sparingly in etlu r. It is decomposed by nitric but not by hydro- 
chloric acid. Strong sulphuric acid, dissolves it in tlm cold with yellow colour, but on 
heutiug the solution, it assumes a fine crimson tint. It is not attacked by ammonia, 
boiling po/tfA'A eliminates ammonia and converts it into ojnanate of potassium. 
(Anderson.) 

OPXAIVZC ZSTBER. See p. 206. 

OPZAiriltrBf Abase resembling narcotine, found by Ilinterborger (Ann. Cii. 
rbarni. Ixxvii. 207 ; Ixxxii. 310) in some specimens of Egyptian opium. It was j>re- 
pipi t at ed by ammonia from the aqueous extract together with morphine, and on dis- 
solving this precipitate in alcohol, the opianino crystallised out first in large riglit 
rhombic prisms, wliicli yiedde*! by analysis G3’0 per cent, carbon, 57 hydrogen, and 
4'3 (mean) nitrogen, whence^ lliuterbergcr deduces the formula requiring 

b.'Pl carbon, 5*8 hydrogen and 4*5 nitrogen. In one analysis however (by combustion 
vitli soda-lime), Hintorberger found only 2*2 per cent, nitrogen, and accordingly gave at 
first the formula Anderson (Ann. Ch. Pharm. xcviii. 50) deduecs 

fVom the same data the formula G erh a rd t ( Traite, iv. 08) and W e 1 tz i e n 

{Onjan. Virhind. p. 607) doubt tho existence of opianine as distinct from nareotine. 
0[)i!miiio forms, according to Hintorberger, i\ cldoromercurate containing 
HCl.HgCL (See GnidirHs Haridbook, xvi. 60.) 

OPZASrO-SUXiPBUROUS ACZD. Soo p. 206. 

OPZATTYZt. — A radielo which may be supposed to exist in opianic 

iicid and its derivatives. Anderson applies tho name to moconin, C'®IT*®0*. 

OPZUM. This valuable drug is the dried juice obtained from the unripe capsules 
of the white poppy {Papaver soinniferuni), a plant extensively cultivated for the pur- 
pose in Asia Minor, Egypt, and ITindostan. Persia and Algeria likewise produce 
opium, and the plant has been cultivated, but not with very satisfactory results, 
in various parts of Europe, 'fhe European markets are supplied chiefly from Asia 
Minor and Egypt, the opium from the former locality, called Turkish or Smyrna oj)i uni, 
being the best, that is to say the richest in morphine. East Indian opium is chiefly 
exported to China. The opium is extracted by making incisions in the cupsuh's just 
after the petals have fallen off. A milky juice then exudes which .soon concretes; it is 
left to dry over night, then removed with a blunt knife and kneaded with water into 
cakes, which are then further dried. As thus pirepared, it is brown and somewhat bard, 
has a bitter, acrid, nauseous taste, and a peculiar sickly odour. It softens with the 
heat of the hand ; when more strongly heatr-d it takes fire, hut does not burn readily, 
lor further particulars respecting the preparation and properties of opilum, see 
I^ereira’s Materia Medica ; also a paper by Dr. Eatwell in the Pharmaceutical 
Journal for 1852.] 

Opium is a very complex substance containing several alkaloids, two or three oppinic 
acids, and several neutral organic substances besides inorganic salts. The following is 
a list of its peculiar constituents : 
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Alkaioidt, 

Acids and Neutt 

ral Substances, 

Name, 

Discovered by 

Name, 

Discovered bp 

Narcotine 

Morphine 

Codeine 

Narceine 

Pseudomorphine ? 
Thebaino | 

Papaverine 

Opianine? 

Dorosne in 1804 

Sertiirner „ 1804 

Robiquet „ 1833 

Pelletier „ 1833 

Pelletier „ 1835 

Pelletier > ««« 

andCouerbo{»» 

Merck „ 1840 

Hinterberger „ 1851 

Meconic acid 

Oily acid (Opium-fat) 
Opium-resin 

Meconin 

Porphyroxin ? 
Thebolactie acid ? 

Sertiirner in I 804 

Pelletier ,,1833 

Pelletier „ I 833 

Dublanc „ 1833 

Merck „ 1837 

T.&H.Smith„ igeu 


All the alkaloids in the preceding list, except papaverine and thehaine^ have boon 

already described ; the existence of pseudomorphine and opianine is very doubtfii] 

(seeiii. 1051 and iv. 208). The following table exhibits a general view of the reactions oj 
the opium-alkaloids with various solvents: 

Soluhility of Opium-alkaloids, 


Name. 

Formala. 

Rflactlon with 

Waur, 

Alcohol. 

Kthtr. 


Morphine. 

C*rHi9NO*. 

Very sparingly 
soluble. 

Moderately 

soluble. 

Nearly 

Insoluble. 

Soluble 
in excess. 

Codeine. 

C‘«H*>N03. 

Soluble. 

Very soluble. 

Very 

insoluble. 

Insoluble in 
strong potash. 

Thebaine. 

C»»H3iN03. 

Insoluble. 

-Soluble. 

Soluble. 

Soluble in ! 
dilute potash. 

Papaverine. 


Insoluble. 

Soluble. 

Soluble. 

Insoluble. 

Narelne. 

C«II2®N09. 

1 

Very sparingly 
soluble. 

Soluble. 

Insoluble. 

Soluble in j 
dilute potash. 1 

Narcotlne. 

C«H23NOr. 

Nearly 

insoluble. 

Soluble. 

Soluble. 

Insoluble. 

i 

i 


Meconic acid and meconin have been already described (iii. 859, 861). Pelletier’s 
opium-fat and opium-resin will be described further on. 

Porphyroann is the name given by Merck (Ann. Ch. Pharm. xxi. 201) to a neutral 
crystalline substance which he obtained, to the amount of ^ per cent., from East Indian 
and^ Smyrna opium ; but its existence is not well established. Anderson, who sought 
for it with some care, was unable to obtain it. 

Tkeholactic add is an acid isomeric with lactic acid, said to exist in Turkey opium to 
the amount of 2 per cent., and to be separated from the impure mother-liquors of mor* 
phiiie by the ready costal Usability of its calcium -salts. Stenhouse regards it as 
identical with lactic acid, but some of its salts, especially the copper and morphine 
salts, are said by its discoverers to differ in character from the corresponding lactatfS* 
The ^ferric salts of the two acids are likewise said to dificr in their reaction with ani* 
monia. Anderson was not able to detect the existence of thebolactie acid in opium. 

Opium likewise contains gum, caoutchouc or a similar substance, vegetable albumin, 
cellulose, and a volatile odoriferous principle. Its inorganic constituents are potash, 
soda,^ ammonia, lime, magnesia, alumina (?) and ferric oxide, combined with hydro- 
chloric, sulphuric, phosphoric, and silicic acids. 

The proportions of these several constituents vary greatly in opium from different 
localities. The quantity of morphine, on which the commercial value chiefly depends, 
varies from 3 or 4 to 14 or 15 per cent. Smyrna opium generally contains, in the dry 
“Prpbine (Guibourt); Egyptian, in the dry state, ffom 
0*8 to 6-6 percent. (Guibourt). Merck, however, found 6 to 7 per cent, in the undried 
suDstance; Eaat Indian opium contains from 5-3 to 7*7 per cent (Guibourt); io® 
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^riodsampleof Persian opium Ouibourt found 11*37 percent, morphine and 8*17 nar- 
cotine. Algerian opium containing 7*6 per cent, water was found byAubergier (Ann. 
Cii. Ihys- [3] 303) to contain the following proportions of morphine: opium from 

white poppies, 1*62 to 8*57 per cent.; from rod poppies, 10*37 to 11*23 per cent.; 
from purple poppie.s, 14*71 to 17*83 per cent. In dry opium gathered at Erfurt 
from the blue poppy, Biltz found 16*6 and 20 per cent.; in that from the white 
poppy, O'So per cent, morphine. French varieties when dried contain on tlie averago 
17-7 per cent, morphine (maximum 22*9 ; minimum 14*8) (Q-uibourt). Opium col- 
lected at Brest in 1852 contained 8*2 per cent. (Roux, Compt. rend. xl. 34); that 
from Amiens in 1853 contained 14*75 ; and that from the same place in 1854, contained 
16 per cent, morphine. (Doscharmes and Benard, Compt. rend. xl. 34. — Qmelin's 
Handbook, xvi. 415.) 

The following method of extracting the alkaloids of opium and determining their 
relative quantities is given by Anderson (Chem. Soc. J. xv. 448). The morphine, 
codeine and meconic acid are first separated by the Robertsou-Grogory proce.ss 
which consists in treating the aqueous extract of opium with chloride of calcium, 
whereby the meconic acid is precipitated as a calcium-salt, while the bases remain in 
eolution as hydrcchlorates, among which the morphine and codeine salts are easily 
crystfillisable and separate from the concentrated solution, leaving the other bases in 
the mother- liquor. The morphine and codeine arc then separated by ammonia a.s 
already described (iii. 1051). 

To obtain the other bases, the black treacly mother-liquor is diluted with water and 
mixed with ammonia, which throws down a copious dark brown precipitate consisting 
of narcotine, paj)averino and thebaine, accompanied by a small quantity of codeine, 
and contaminated with a brown resinous substance. This precipitate, which is at first 
quite granular, runs togetlior, if allowed to remain in the liquid, into a resinous mass, 
whereby the mother-liquor is squeezed out of it as effectually as if it were put into a 
}X)weiful press. The solution of this precipitate in boiling spirit deposits, on cooling, 
impure crystals of narcotine, which may be purified by successive crystallisations, 
with aid of anirtml charcoal. A further crop of crystals is obtained by distilling down 
the solution, and finally tJiere remains a black mother-liquor, from which thebaine and 
pupavoriue may be prepared. For this purpose water is added; the liquid is slightly 
iu'iduhitcd with acetic acid; the rosin thereby separated is filtered off; basic acetate of 
had is then added to the filtrate till it exhibits an alkaline reaction ; and, the precipi- 
tate being separated, the excess of lead is removed by sulphydi*ic, or more convcmiently 
by sulphuric acid ; ammonia then precipitates the thebaine, still mixed with resinous 
matters, from which it may be sopiirated by crystallisation from alcoliol ; it can then bo 
decolorised by animal charcoal. Papa*voriiie maybe extracted from the lead-pre- 
cipitato by digesting it in alcohol, evaporating the liquid, treat ing it with hydrochloric 
«acid, filtering from resin, concentrating, and leaving the solution to itself for some time, 
vhon the sparingly soluble hydrochlorato of papaverine slowly crystallises. From this 
salt the base may bo obtained in a state of purity by precipitation with ammonia and 
crystallisation from si)irit. 

The mother-liquor from which the precipitate of these bases has been separated con- 
tains narceine and meconin, with a small quantity of p.apavcrine. On concentrating it, 
narceine separates in abundance, and is easily obtained pure by washing with a 
small quantity of cold water, and crystallising two or throe times. After concentrating 
the liquid till the narceine is completely separated, the residue is repeatedly agitated 
with I of its volume of ether at 26°, which extracts meconin, together with a little 
papaverine ; and the ether is distilled off from the extracts, a brown syrup then remain- 
ing. On treating this syrup with hydrochloric acid, papaverine dissolves, and 
meconin remains in the form of a dark grey crystalline powder, which may be freed 
from rosin by repeated crystallisation from boiling water with addition of animal 
charcoal. 

ForPelletier’smethodofseparatingtheseveralconstituents of opium, see Gmdin'a 
Jiandhook, xvi. 420. For the estimation of morj»hine in opium, ibid, p. 423, or this 
Bietionary, iii. 1053. 

On the microscopic appearances of the several constituents and medicinal prepara- 
of opium, see Deane and Brady (0» Microscoj^al Research in relation to 
Pmrmacy, Chem. Soc. J. xviii. 34); also Helvig (Das Mikroscop in der Toxicologies 
Maintz, 1864). 

The following table exhibits the composition of five sorts of Smyrna opium as deter- 
mined by Mulder (Handw. d. Chem. v. 721). 
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Analyses of Smyrna Opium, 


Morphine 



10*8 

4*1 

9*9 

2*8 

3*8 

Codeine . 



0-7 

0*8 

0*8 

0*9 

0*6 

Narcotine 



6-8 

8*2 

9*6 

7*7 

6*6 

Narceine . 



6-7 

7-6 

7*7 

9*9 

13*2 

Meconin . 



0*8 

0*8 

0*3 

1*4 

0*6 

Meconic acid . 



61 

4*0 

7*6 

7*3 

6*6 

Fat . 



2-2 

1*4 

1*8 

4*2 

1*6 

Caoutchouc 



6*0 

6*0 

8*7 

3-8 

3*2 

Besin . . . 



3*6 

2*0 

4*1 

2*2 

1*8 

Gummy extract 



26*2 

31*6 

21*8 

22*6 

26*7 

Gum 



1*0 

2*9 

0*7 

3*0 

0-9 

Vegetable mucus 



191 

171 

21*1 

18*6 

18*0 

Water 



9*8 

12*2 

11*4 

130 

14*0 

Loss 



2*2 

2*6 

. . 

2*7 

3*6 




100 

100 

100*3 

100 

100 


In these analyses the proportion of narceine appears to be too high ; p^ossibly thi 
thebaine and papaverine, the amounts of which are not specified, were weighed with it 
The following analyses are by Schindler (loo. cit,) : 


Horphine 

Codeine 

Karcotine 

Narceine 

Meconin 

Meconic acid 

Peculiar resin ..... 
Vegetable mucus, caoutchouc, acid ) 
fat, and vegetable fibre j 

Brown acid soluble in water and in alcohol 
Brown acid soluble only in water, and gum 

Lime 

Hagnosia 

Alumina, ferric oxide, silica, > 
calcic phosphate { 

Salts, and volatile oil (about) 


Opium 

from 

SinyruA. 

Opium 
from Con- 
stantinople. 

Opium 

from 

Egypt. 

10*30 

4*60 

700 

0*26 

0*62 


1*30 

3*47 

2*68 

0*71 

0*42 . 


0*08 

0*30 


4*70 

4*38 


10*93 

8*10 


20*25 

17*18 


1*04 

0*40 


40*13 

66*46 


0*40 

0*02 


0*07 

0*40 


0*24 

0*22 


0*36 

0*36 


9G*76 

0( *73 



OPIUM PAT. Oily acid of Opium. C®II’*0? — This substance, discovered by 
Pelletier, is obtained by repeatedly digesting opium-marc in warm alcohol of specific 
mvity 0'84, filtering each time after cooling, to separate the deposited cjioutchouc, and 
distilling the alcohol down to three-fourths, filtering again to remove the narcotine 
which crystallises out, evaporating the filtrate to dryness, again exhausting the residue 
with hot alcoliol of specific gravity 0*84, and repeating those operations till all the 
narcotine is removed. The residue left on evaporating the filtered solution is then ex- 
hausted with boiling water, and afterwards with ether, which takes up the oily acid, 
leaving opium-resin undissolved. The ethereal solution when evaporated leaves the oily 
acid in the liquid form, but still slightly contaminated with narcotine, which may be 
removed by agitation with water containing a little hydrochloric acid ; the fat then 
floats on the surface and may be skimmed off. 

Opium-fat is generally yellowish or brownish, the colour being probably due to im- 
purities. It is soft, almost liquid, has a sharp burning taste, and an acid reaction not 
removed by repeated washing. It dissolves in alcohol, ether, and oils, and forms soaps j 
with alkalis. (Pelletier, Ann. Ch. Pharm. 1. 276^ 

OPXUK*MAJRO. The residue of opium left after removal of the meconates of 
morphine and codeine and other salts soluble in water. 

OPXUM<>ll3B8XMr. C®H‘*NO®? — This substance, the preparation of which h®* 
been described in connection with opium-fat, is brown, destitute of taste and odour, 
and becomes nearly fluid when wanned. At a higher temperature it swells up 
strongly, giving off large quantities of empyreumatio oil and combustible gases. is 
insoluble m water, soluble in alcohol and in alkidis. (Pelletier, foe. cif.) 

OPOBAXiSAM* Syn. with Mecca Balsam (see Balsams, i. 496). 

OBOXIBXiXSOC. Linimentum aaponato-camphoratum , — A solution of soap ^ 
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alcohol, -idth the addition of camphor and volatile oils. It is used extetnally against 
rheumatic pains, sprains, bruises, and other like complaints. 

OPOPAITAZ. A concrete gummy resinous juice, obtained from the roots of an 
umbelliferous plant, the Pastinaca Opopanax, L., Opopanax Chironiim, Koch, which 
grows spontaneously in the warmer countries, and bears the colds of our climate. The 
juice is brought from Turkey and the Kast Indies, sometimes in round drops or tears, 
but more commonly in irregular lumps, of a reddish-yellow colour on the outside, with 
Bpecks of white; inwardly of a paler colour, and frequently variegated with large 
white pieces. It has a peculiar strong smell, and a bitter, acrid, somewhat nauseous 
taste. Its constituents are, resin 42*0 per cent., gum 33-4, ligneous matter 9 8, starch 
4-2, malic acid 2*8, extractive matter 1*6, wax 0*3, caoutchouc a trace, volatile oil or 
loss 3-9. (Pelletier.) 

The rosin of opopanax melts at 100°, decomposes at a somewhat higher temperature, 
and contains, according to Johnston, 63*2 — 64*0 per cent, carbon and 6*7 hydrogen, 
agreeing approximately witli the formula C2®IP<0’ (63*8 C, 6*4 H, and 29 8 0). 

OPSZnsOSlla Pendant’s name for partially altered Fowlerite from Franklin, New 
Jersey. 

ORAXrOB. See Citrus (i. 1002). 

OIlAirO>XTlS. See Thorite. 

ORCSrnr. G’H’NO®. JAchn-rcd, Flechtenroth. (Robiquet, Ann. Ch. Phys. 

[2] xlii. 245 ; Iviii. 320. — Heeren, Schw. J. lix. 336. — Pumas, Ann. Ch. Pharra. xxvii. 
146. — Kane, PhiL Trans. 1840, p. 285. — Laurent and Gerhardt, Ann. Ch. Phys. 

[3] xxiv. 316.)— A compound formed from orcin by the action of ammonia and oxygen. 
It is prepared as follows : a small dish containing powdered orcin is placed above a 
vesst'l containing strong ammonia, and tlio whole is covered with a bell-jar. In the 
course of 24 hours the transformation is complete. The product may then be dis- 
solved in water, and poured into a solution of hydrochloric? acid which precipitates the 
oreeiu in ri*d flocks, of a flne red colour. Orcein is present, together with other colour- 
ing matters, in the archil of commerce. 

Orcein is uncrystaUisahlc. It dissolves sparingly in water^ imparting however its 
colour, and is precipitated from tlio solution by neutral salts. It is very soluble in 
forming a deep scarlet solution from which it is precipitated by water. It dis- 
solves in aqueous fixed alkalis with violet-red colour : the ammomcal solution is of a 
very rich pansy colour. Orcein is separated hj" acids from its combinations with alkalis. 
Sutphidfi of ammonium destroys the colour of the ammouiacal solution, producing a 
hrownish-Uack liquid, which, however, rtjcovcrs its red colour on exposure to the air. 

When a piece of zinc is plunged into an ammoriiacal solution of orcein to which a slight 
excess of hydrochloric acid has been added, the liquid is completely decolorised, and 
when mixed wuth a certain quantity of ammonia deposits a wOiito powder, loucorcein, 
which by contact with the air soon assumes a deep purple tint. 

Orcein mixed wdth water or dissolved in ammonia is converted by contact with 
chlorine^ into chlororcein, which is soluble in alcohol, ether, and in ammoniacal water, 
colouring the last-mentioned liquid brown. 

ORCRBXXiA WEEHS. The cylindrical and flat species of Roccdla used in the 
Baanufacture of orchil and cudbear are so called by the makers (see Urds Diet, of 
Arts, iii. 311), 

ORCRZXi. Syn. with Archil (i. 355). — An improved method of preparing this dye, 
introduced by I)r. Stenhouse, consists in treating the colour-yielding lichens, on the 
spot, writh an alkali (potash or lime) to extract the colouring acids, and precipitating 
these acids with hydroclJoric or acetic acid ; they are thus completely separated from 
the woody fibre and other impurities. 

Respecting the improved orchil-dye called “ French Purple,” see Dyking (ii. 356), 
18 ^ 2 ^^ on Chemical Products, ^c., in the International Exhibition of 

ORCKZS. The root of Orchis fusca contains coumarin, 2*47 grammes of which 
Jnay be obtained from a kilogramme of it. (G. and C. Bley, Jahresb. 1857, p. 484.) 

T C^IPO*. (Robiquet, Ann. Ch. Phys. [2] xlii. 245; Iviii. 320.-— 

lebig and Will, Ann. Ch. Pharm. xxvii. 147. — Dumas, ibid, xxvii. 140. — 
ochunck, ibid. xli. 169; liv. 269.--Gerhardt, Compt. chim. 1845, p. 287.— 
enhouse, Phil. Trans. 1848, p. 86 ; Ann. Ch. Pharm. Ixviii. 93, 99 ; Ifroc. Roy. 

XU. 263 ; Chem. Soc. J. xvi. 327. — De Luynes, Ann. Ch. Pharm. cxxviii. 330; 
f*’ — Lamparter, ibid, cxxxiv. 266. — Gm. xii. 353. — Gerh. iii. 810.) — This 

disTOvered in 1829 by Robiquet in Variolaria dealhata, appears to exist 
formal lichens used for the preparation of archil and litmus. It is 

artificially: 1. By boiling orselliuic acid with water, and therefore also by boiling 

p2 
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lecanoric (a-orsellic) acid, ^’thric acid (erythrin), pjcroerythrin, or evemic acid, witli 
aqueous alkalis, these latter substances (axcept picroerythrin) being first converted into 
orsellinic acid. Its formatiou from orsellinic acid is represented by the equation. 


C*IT"0^ = 

OrBcilinic acid. 

from picroerythnn by the equation, 

+ H‘0 - 

Picroerythrln. 


Orcin. 

+ C’n"0* + CO* 

Erythro- Orcin. 

maniiite. 


2. By the dry distillation of lecanoric acid, erjdhric acid, evernic acid or picroerythrln. 
3! Together with paraoxy benzoic acid, by melting aloes with hydrate of potassium 
probably thus : 

C^^Jl\so7 + 0 = + C’H»0* + CO* + H*0. 

Alocretlc Orcin. Paraoxy- 

acid. benzoic acid. 


A pound of aloes thus treated yields from 9 to 11 grammes of orcin. (Hlasiwetz and 
Barth, Ann. Ch. Phann. exxxiv. 287.) 

Preparation. — 1. Dry Variolaria deallata is exhausted with boiling alcohol ; the solu- 
tion freed by evaporation and cooling from the resin wliich separates; the remaining 
liquid evaporated to an extract ; and this extract exhausted with water. The aqueous 
S^ution evaporated to a syrup, deposits after a few days crystals of orcin, which may bo 
purified by recrystallisatioii from water, with addition of animal charcoal, during which 
operation, however, the charcoal absorbs a considerable quaii tity of orcin. (K o b i q u e t. ) 

2. A roccdla or a lecanora is macerated with milk of lime ; the strained liquid 
boiled for a few hours in an open vessel, and evaporated to one-fourth ; carbonic acid 
gas passed through it as long as a precipitate of calcic carbonate continues to form; 
and the filtrato evaporated to dryness over the water-bath. The residue is boiled with 
three or four times its V)ulk of strong alcohol; the solution evaporated, filtered and set aside 
to crystallise ; the dark-coloured crystals are dried after three or four days between paper 
and dissolved in three or four times their volume of anhydrous ether; and the filtered 
solution is left to evaporate in vacuo. The large six-sided cryst.als thus obtained lie- 
come still paler by crystallisation (Stenhouso). This method is well adapted tor 
preparation on the large scale. De Luynes rmimmends heating erythric acid (the 
extract of Roccdla iinctoria, See.) with lime to 150^ under pressure. 

Perfectly colourless orcin may be obtained by the following methods : 3. Orsellic or 
erythric acid is boiled with water for half an hour or an hour, whereupon a largo 
quantity of carbonic anhydride is given off, and the evaporated solution (mixed perhaps 
with animal charcoal) deposits on cooling a large quantity of colourless crystals of 
orcin (Stenhouso). — 4. Lecanoric acid (or its green mother-liquor) is boiled with 
strong bary ta- water ; the baryta precipitated by carbonic acid ; and the liquid bested 
to the boiling point, then filt ered and left, to evaporate. Tlie crystals thus obtained are 
usually coloured, but may be purified by boiling with aluminic or ferric hydrate, which 
takes up the colouring matter. If the orcin still remains coloured it must be distilled 
from a retort, the distillation being interrupted as soon as the orcin vapours begin to 
carry colouring matter over with tliem. The aqueous solution of the distillate yields 
colourless crystals by evaporation (Schunck). See also Lampartor (Ann. Ch. 
Pharm. exxxiv. 256). 

Properties. — Orcin crystallises from its aqueous solution evaporated to a syrup m 
colourless six-sided monoclinic prisms, exhibiting tlio combination ooP . oeP'* • 
— Poo , sometimes with oP. Angle ooP : ooP, in the orthodiagonal principal section 
= 102° 24'; ooPoo : oP = 83° 67'; ooPoo : — Poo = 136° 16'. Cl caviige parallel to 
ooPoo. The crystals are very soluble in water and in alcohol; they dissolve also in 
ether. The aqueous solution is neutral to test-paper, and has a strongly saccharine, some- 
what nauseous taste. The crystals deposited from it contain 1 2-67 per cent. (1 at.) water, 
which they give off entirely in vacuo over oil of vitriol, or at the temperature of the 
water-bath. From anhydrous ether, orcin is deposited in anhydrous crystals. 

Hydrated orcin melts below 100°, giving off its water of crystallisation. Anhydrous 
orcin heated quickly to 290°, distils in the form of a syrupy liquid, which gradually ab- 
sorbs moisture from the air and becomes crystalline. When gently heated in shallop 
vessels, it may be sublimed in needles. Its vapour-density, according to Duma* 
determination, is 5*7, which agrees exactly with that required by calculation. 

The aqueous solution of orcin is not precipitated by mercuric chloride, neutral wetxte 
of lei^, cupric sulphate, gelatin or tannin. With basic acetate oflead^ however, it give* 
a white precipitate which appears to contain C’H*Ppb"0*.Ppb"0 ; and is likewise 
duced on adding nitrate of lead to an ammoniacal solution of orcin. With/emccA^"** 
it fonns a dark red or nearly black precipitate, from which ammonia extracts or®?** 
It does not precipitate nitrate of silver except on addition of ammonia. 
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Melted orcin decomposes day carbonate of sodium,^ with evolution of carbonic anhy- 
dride. Aqueous orcin added to a solution of silicate of sodium^ precipitates silica ; and 
a crystal of orcin thrown into a boiling solution of sodic silicate is converted, without 
alteration of form, into gelatinous silica. A concentrated and slightly acid solution of 
txdphuU ofqydnine ov cinchonine becomes turbid when mixed with a concentrated aqueous 
solution of orcin, with separation of an oily compound of the base with orcin which 
becomes nearly solid on exposure to the air. (D e L uy n e s.) 

Decompositions. — 1. Orcin gradually turns red in contact with air^ especially in 
sunlight. — 2. Orcin dissolves m nitric acid^ and on heating the solution nitrous fumes 
are evolved, the liquid turning red, and depositing a red resinous substance soluble in 
alcohol and in acids. If the action of the acid be prolonged, the product is wholly cou- 
rerted into oxalic acid. Orcin takes fire when very strong nitric acid is poured upon 
it, but when it is gradually added to cooled fuming nitric acid, it dissolves without 
evolution of red vapours, and w'ater precipitates from the solution a red mass soluble 
in alkalis. When the vapour of ordinary nitric acid (of 40° Bra.) is made to act slowly 
upon orcin, the crystals become first brown, tlnui red, and are converted into a colour- 
ing matter difierent from orcein. This red product is soluble in water, alcohol .and 
ethiu* ; ilyes silk and wool red witliout tlie aid of a mordant ; is coloured transiently 
rt!il by ammonia, permanently by fixed alkalis, and is restored to its original light rod 
colour by the action^of acids. Its aqueous solution is precipitated by common-salt, but 
the colouring matter rcdissolvos in water after the salt has been wa.shed out. 

3. Orcin lieated with solution of acid chromate of yields a brown sub- 

stance whose decomposition is accelerated by addition of sulphuric acid. — 4. Solution of 
cidoHde of lime coloiiTH orcin deep violet, the tint gradually changing to brown, and 
nltirnatdly to yellow'. — 5. The aqueous solution of orcin mixed with caustic potash or 
Wtf, quickly attracts oxygon and acquires a red or brown colour. — 6. Dry ammmia 
ffos is absorbed by orcin in large quantity', but is given off again on exposure to the 
air. When orcin is placed under a ludl-jar, together with a btisin containing aqueous 
ammonia^ it gradually turns dark brown, and is converted into orcein (p, 211), 

C^PO^ + NIP + 0* « C^H'NO* + 2IPO. 

7. The precipitate which orcin forms with aninionio-yiiiratc of silver is reduced by 
boiling, with formation of a silver speculum, the liquid at the same time turning red. — ■ 

8. Tri~chloridc of gold is reduced by aqueous or<MU, slowly in the cold, immediately 
when heated, a dark- brown powder separating at the same time. (Schunck.) 

9. Orcin heated to 60° — 80° with strong sidphuric acid is partly converted into 
0 r c i u - s u 1 p) h u r i c acid, C’H®S“0®. On diluting the resulting black liquid with water, 
siiturating with carbonate of lead, and quickly evaporating over the watt.T-batli, a crys- 
lallirie mass i.s obtained consisting chiefly of unaltered orcin ; and when lliis is re- 
moved by digestion with etlier, a residue is left, the hot aqueous solution of whieft 
saturated with carbonate of Iciad and filtered, deposits after a few hours, brownish, 
niU*reoii.s, reetangular laminm, consisting of btisic orcin-snlpliate of lead, C'IPPb"S'^0'’. 

The mothtir-liquor of these crystals yields a second salt in micro- 
scopie prisms, containing 2C’ll®Pb"S*O^Pb"iPO*.6II■'‘0. (Hesse, Jahresb. 1861, 
p. 701.) 

SubstituUon-derivatives of Orcin, 

Orcin forms substitution -derivatives with chlorine^ bromine^ and iodine^ The chlo- 
rinated and bromimited compounds are obtained by the direct action of chlorine and 
bromine on orcin, the iodine-compound (C^H*PO®)by the action of trichloride of iodine: 
iodine itself does not act upon orcin. 

Bromoroln. C’H’BrO^ (L amp art er, Ann. Ch. Phnrm. cxxxiv. 258.)— Obtained 
by adding brcmine-w'ater to aqueous orcin, so long as little or no precipitate is thereby 
produced, or better, by mixing the two liquids in quantities containing 2 at. bromine 
to 1 at. orcin. The resulting solution yields by evaporation hai*d anhydrous rhombic 
cr^tala of bromorciii, which may be purified by reci^-stallisatiou from water. 

Broinorcin is rtiodorately soluble in hot, less soluble in cold water, extremely sol- 
uble in alcohol and ether. Caustic potash dissolves it with decomposition and brown 
coloration. It melts at 135°, begins to sublime below 100°, and decomposes at higher 
temperatures. When mixed with basic acetate of lead, it yields a white precipitate, 
from which it is separated in its original state by sulphydric acid. 

^^bromorclD. C’H*Br*0*. Bromorccid. (Stenhouso, Phil. Trans. 1848, p. 87. 
i^Paurent and Q-erhardt, Ann. Ch. Phys. [3] xxiv. 317. — Lamparter, Ann. Ch. 
I^narm. cxxxiv. 267.) — This compound is formed, together with a brown resin, when 
bromine in excess is added to orcin or its concentrakni aqueous solution (Sten house; 
b a u r e n t and Gerhard t); but by adding bromine- water to an aqueous solution of orcin 
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the same compound is obtained, uncontaminated with resin, as a nearly colourless 
crystalline precipitate, which may be further purified by recrystallisation from weak 
spfrit (Lam par ter). It is also produced by the action of bromine on orsellic add. 
(Hesse, Ann. Ch. Pharm. cxvii. 297.) 

Tribromorcin crystallises in fine colourless silky needles (Lamp art er), in reddish- 
white prisms (Hesse). It melts at 103° (L a m p a r t e r) ; at 98° (Hesse). It is insol- 
uble in water^ very soluble in alcohol and ether. It decomposes at high temperatures, 
giving off hydrobromic acid, and yielding an oily distillate which solidifies on cooling, 
together with a copious residue of charcoal. Potash poured upon tribromorcin colours 
it deep violet-brown, and on diluting with water, the whole dissolves with brownish- 
red colour. Ammonia does not produce this coloration. Acids destroy the colour of 
the potassic solution. 

Tribromorcin treated with bromine yields an easily fusible resinous mass having an 
extremely disagreeable pungent odour, and probably identical with the ^sinous body 
obtained by Stenhouse, and by I^aurent and Grerhardt in the preparation of tribro- 
morcin. 1 at. orcin treated with 4 at. bromine also yields a black resinous masa 
(Lamparter.) 

Trloblororcln. C^H*C1W. CMororc^d (Schunck, Ann. Ch. Pharm. liv. 271. 
—-Stenhouse, Phil. Trans. 1848, p. 88. — DeLnynes, Ann. Ch. Pharm. exxx. 34).— 
Stenhouse and Schunck, by treating orcin with chlorine gas, obtained a crystalline 
chlorinated compound contaminated with a dark brown resin, somewhat difficult to 
separate ; the crystalline product was not analysed. Be Lnynes, by treat, ing orcin with 
hydrochloric acid and chlorate of potassium, obtains a product having tlie same physical 
properties, un contaminated with resin, and exhibiting by analysis the composition of tri- 
chlororcin. It is soluble in boiling water ^ and in alcohol^ from which it crystallisefl 
in colourless needles ; melts at about 159° ; volatilises partially without decomposition; 
dissolves in alkalis ; does not precipitate an alcoholic solution of silver-nitrate. 

Trl-iodoroln. C’H'PO* (Stenhouse, Chem. Soc. J. xvii. 327). — Produced by 
the action of trichloride of iodine on aqueous orcin. The trichloride is added to the 
dilute aqueous solution in quantity not quite sufficient to precipitate the whole of the 
orcin ; the brownish-yellow adhesive mass which collects at the bottom is washed with 
water, dried, and dissolved in sulphide of carbon ; and the solution is filtered to separate 
a dark brown resinous substance ; the greater part of the sulpliide of carbon is then 
removed by distillation, and the crystals obtained on the cooling of the solution are 
drained from the dark mother-liquor, washed with a small quantity of cold sulphide 
of carbon, pressed between bibulous paper, and twice recrystallised from boiling 
spirit. 

Tri-iodorcin thus obtained crystallises in large transparent, brittle plates, tinged 
with brown, and somewhat resembling chloride of barium. They are very soluble in 
sulphide of carbon, still more so in ether, moderafoly soluble in alcoliol, insoluble in 
water. Heated to 100° they graduiilly become brown. They dissolve in caustic 
alkalis^ decomposing, however, and forming deep brown solutions. Strong nitric acid 
decomposes them, slowly in the cold, rapidly on heating, with evolution of nitrons 
fumes and iodine vapour. Sulphuric add does not act upon them in the cold, but on 
the application of heat the crystals char and give off vapour of iodine. 

Compounds homologous with Ordn. 

Beta-oroln* C"H'®0*? (Stenhouse, Phil. Mag. [3] xxxiii. 300; Ann. Ch. Pha^ 
Ixviii. 104). — This compound is produced from usnic acid, by the action of heat or by boiling 
with caustic alkalis or alkaline earths. Usnic acid submitted to dry distillation jriclds 
a sublimate together with an empyreumatic liquid and a large carbonaceous residue. 
On treating the entire distillate with water and evaporating to a syrup, the residue 
deposits after some days brown crystals of 3-orcin, which may be purified by treatment 
with animal charcoal, and repeated crystallisation from v^eak spirit. The treatment of 
usnic acid with alkalis is a less advantageous mode of preparation, as a considerable 
portion of the product is then converted into resin. 

Beta-orcin forms shining crystals belonging to the dimetric system, and ojflen of 
considerable size. Observed combination oop . P . 4P . oP . ooPoo . Poo . Angle 
4P : oP =: 130° 67' ; P : oP ^ 113° 27' ; Poo : oP = 120° 31' ; P : ooP « 166? 33'; 
ip : ooP sa 139° 3' ; Poo : ooPoo = 148° 29', No perceptible cleavage ^Miller)* 
It is moderately soluble in cold water, but less so than orcin, easily soluble in boiling 
water, also in alcohol and in ether. It has a slightly saccharine taste, and is neutnu 
to reagents. It sublimes unaltered, easily takes fire and bums with a smoky 
flame. 

Dried in vacuo, it gave by analysis 88*84 — 69*20 per cent, carbon, and 7*22—7'^ 
hydrogen, whence Stenhouse deduced the formula C"H“0*, requiring 68*68 O, 7'22 ft 
and 24*10 0. Herhardt {Traite, iii. 321) proposed the frrmula (reqhiuiBfi 
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69*56 C, 7 ‘24 H, and 23*20 O), ^cording to which the compound is homologous with 
cvroin and metameric with anisic alcohol Strecker (Ann. Ch. Pharm. Ixviii, 114) 
hud previously suggested the formula 2C*’H'*0" 3IPO (requiring 68*7 C, and 7*1 H), 
according to which, its formation from usnic acid (supposing the latter to bq 
would be represented by the equation : + 2COI 

'I'he crystals of jS-orcin do not lose anything in a vacuum over oil of vitriol ; but 
when heated over the water-bath, they give oflP a considerable quantity of water. They 
do not melt at 109®. 

J3cta*orcin treated with amTnonia acquires a splendid red colour in a few minutes, 
the eftect taking place much more quickly than with orcin. With solution of hydrate 
or carbonate of potassiwn, it forms a substance of a fine purple colour. Solution of 
chloride of lime colours it blood-red, not violet like orcin. 

The alcoholic solution of /8-orcin does not precipitate silver-nitrate, either pure or 
mixed with ammonia, nor the salts of barium, load, iron, or copper. It does not 
precipitate neutral acetate of lead, but witli tho basic acetate^ it forms a copious 
precipitate which is soluble in excess of tho lead-solution, and quickly acquires a deep 
red colour on exposure to tho air. 

2. Resorcin. (Illasiwetz and Barth, Ann. Ch. Pharm. exxx. 354). — A 

compound, isoraoric with pyrocatccliin and hydroquiiione, produced by the action of 
melting potash on galhanum. To prepare it, the resin, frt^ed by alcohol from its 
gumiiiy constituents, is fused with to 3 pts. hydrate of potassium till the mass 
]j(>('.oin<iS Immogenoous. Water is tiien added, the liquid acidulated with sulphuric 
acid, and filtered when cold ; the filtrate shaken two or three times with ether; the 
ctlieral solution distilled ; .and tho residue, after being ovaporatecl to a certain extent 
over the water-bjith, is introduced into a retort and distilled over an open fire. The 
first portion of the distillate is w’atcry and contains volatile acids; but afterwards an 
oily liquid passes over which soon solidifies in r.adiating crystals. Tho product may 
be* freed from adhering volatile acids by dissolving it in a small quantity of warm 
water, supersaturating with baryta-water, and again agitating \vi!h ether. On remov- 
ing tho ether by distillation, lliepe remains a syrupy residue which soon crystallises 
and may be further purified by redistillation. The treatment with baryta may be dis- 
pensed with by repeatedly distilling with the thermometer, and collecting only thoso 
portions which pass over between 269® and 272®. 

Resorcin is very soluble in Ufater^ cdcohol, and ether ^ insoluble in sulphide of carbon, 
and in eJdoroforrn. It crystallises only from very concentrated solutions, in tabular 
crystals or short thick prisms belonging, like orcin, to the trimetric system. When 
recently prepared it is quite colourless, hut acquires a faint reddish tint by keeping or 
by exposure to the air. It melts at 99®, and begins to A^olatiliso at a slightly higher 
temperature; boils at 271°, and distils almost without residue; burns with a bright 
riame. It has a neutral reaction and a strong unpleasant, sweet, and somewhat 
irritating taste. It gives by analysis 65*1 and 65’6 per cent, carbon and 6*7 hydrogen, 
the formula requiring 65*5 C and 6*5 H. Vapour-density, obs. = 4*1; calc. — 3*8 (the 
residue in the globe was dark brown, the substance having been partly decomposed by 
the higli temperature required). 

The aqueous solution forms with ferric chloride a dark violet-colourod liquid, which 
on addition of ammonia deposits ferric oxide and becomes colourless. Chloride of 
Urne produces a violet colour not very permanent. Tho solution mixed with ammonia 
and exposed to the air, becomes rose-red, afterwards darker, and ultimately brownish. 
The ammoniacal solution, evaporated at a gentle heat, dries up to a dark blue muss, 
which redissolves in water with blue colour, and is reddened by acids. Resorcin re- 
duces nitrate of silver at the boiling heat, on addition of ammonia. Heated with an 
alkaline cupric solution, it throws down cuprous oxide. 

Trihromo-resorcin^ C®H*Br’0*, is precipitated on adding bromine-water to an 
a^iueous solution of resorcin, in smul, bulky, interlaced needles, sparingly solublo 
ia Cold water, more easily in boiling water, also in alcohol 

. ®R*SXiXiI»r. A yellow colouring matter contained, together with bixin (i. 600), 
in annotto. It is soluble in water and in alcohol, slightly soluble in ether, and dyes 
alumed goods yellow. (C h e vp o u 1) 

ORsoSB&zar. C’H®0 *. — X substance isomeric with benzoic acid, obtained ; 1. By 
treating hydroohlorate of athamantin with boiling water; sometimes, however, this 
process yields oreoselone (^Schnedermann and Winckler, Ann. Ch, Pharm. li. 

— 2. By the action of alcoholic potash on peucedanin (Wagner, J, pr. Chem. 

+ KHO » C^H®0* + C»H»KO*. 

Peucedanin. Oreo«elin. Anjretite of 

potassium. 
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It crystallises in fine silky Aeedles, slightly soluble in cold water, Teiy soluble in 
alcohol and ether, also with yellow colour in dilute potash; less easily in ammonia, lh« 
solution yielding a yellow precipitate with acetate of lead. 

OREOSBXiOXirS. — This body, the anhydride of oreoselin (2C^*0* 

IjaQ _ is produced by the decomposition of athamantin (Schnedermana 

and Winckler, loc, cit .) : 

+ 2C»H*®0» 

Athamantin. Oreoselone. Valerianic 

acid. 

To prepare it, hydrochloric acid gas is passed over dry athamantin till complete lique. 
faction takes place ; the mass is heated to expel valerianic acid ; and the amoiphoui 
porous mass obtained on cooling is purified by crystallisittion from boiling alcohol, in 
which, however, it is hut slightly soluble. 

Oreoseloiic crystallises in nodules or caulifiower-liko masses composed of fine needles 
grouped concentrically. It is tasteless and inodorous, insolublo in water ; alkalis dis- 
solve it, forming red solutions from which acids precipitate it slightly modified. It 
melts at 190^ to a clear liquid, which carbonises at a higlier temperature, 

OHOHMZC AITAXiYSXS. See Analysis, Ouganic (i. 225). 

OEGAXffZC CBEMISTRT. The p(‘CuHar character of the chemical compounds 
formed in the bodies of plants and animals, and the failure of the earlier attempts 
to produce them by artificial means, led to the erroneous idea that their fonnation 
was due to a mysterious power called “ vital force,” supposed to reside in the living 
organism, and to govern all tlie changes and processes taking place within it. In ac- 
cordance witli tliis idea, the chemistry of organic compounds, including those wliich 
were formed by artificial processes from the products of vegetable and animal life, was 
erected into a special branch of chemical science. 

Later researches have however showm that a large number of compounds, formerly 
regarded as producible only under the influence of the so-called vital force, may bo 
formed either by direct combination of their elements, or by chemical transformation 
of inorganic compounds. 

The first step in the formation of organic compounds from their elements, was made by 
W (i hler, who showed in 1828 that urea can be produced by molecular transformation of 
cyanal eof ammonium. This <!xperiment, viewed in conjunction with the fact subsequently 
e8tablish(3d by Fo w n e s in 1841, that cyanogen can be formed by dir(‘Ct combination of its 
elements (ii. 198), is conclusive of the possibility of forming a productof the living organism 
from inorganic materials. At the tinie of Wohler’s discovery, however, cyanogen had 
not been obtained, excepting from substances originally derived from the vegetable or 
animal organism, and accordingly the id(;a of the peculiar nature of organic compounds, 
as essentially products of life, still maintained it« ground. Even in the first volume of 
Omelin’s Organic Chemistry (published in 1848) wo find it stated that “the bodies of 
the organic kingdom are distinguished from those of the inorganic kingdom by their 
inherent vital force,” although in the course of the same volume, several instances are 
mentioned of the formation of organic compounds from inorganic materials, viz, : — 1 . The 
formation of cyanogen, as above mentioned, by passing nitrogen gas over a mixture of 
charcoal and potassic carbonate ; also that of cyanide of ammonium by heating a mix- 
ture of sal-ammoniac, plumbago and lime or oxide of lead ; — 2. The formation of oily 
and mould-like compounds by the action of acids on carburetted iron ; — 3. The forma- 
. tion of the acid CHCPSO* from the compound CCFSO’* (itself produced by the action 
of chlorine and wattip on sulphide of carbon, i. 776), and its conversion into CHtSO* 
by the action of reducing agents. — 4. Tho formation of tetrachloride of carbon, CC1\ 
by the action of chlorine on disulphide of carbon ; the conversion of the tetrachlorids 
into the ^chloride, C-CP, by passing it through a red-hot tube ; the formation of tri- 
chloracetic acid (i. 877) from the last-mentioned compound, by the action of chlorine 
and water in sunshine ; and the conversion of the trichloracetic into acetic acid, by the 
action of reducing agents. — 5 . The formation of sulphocyanate of ammonium by the 
action of ammonia on sulphide of carbon, — 6. The formation of rhodizonic, croconic 
and oxalic acids, together with mould-like substances, in the ordinary process of 
potassium. G-melin observes, however, that on tho whole it appears that only 
the lower order of organic compounds, namely those which contain but few atoms of 
carbem, can be formed artificially from inorganic materials, excepting perhaps tho 
mould-Lke substances ; and he further expresses a doubt whether all carbon compounds, 
even sulphide of carbon, carbonic oxide and carbonic acid, ought not to be regarded as 
organic. ° 

The question of the formation of organic compounds from their elements has however 
been completely set at rest by the classic researches of Berthelot, who showed in 
1806 that formate of potassium is produced by the direct union of carbonic oxide 
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vith hydrate of potassium (iii. 683), and subsequently that acetylene may be formed 
by the direct combination of carbon with hydrogen, and that marsh-gas, ethylene, and 
eeveral of its homologues may likewise be formed from inorganic materials (see 
HtDiwcAKBONS, iiL 188). These hydrocarbons may be converted into alcohols, e. o. 
marsh-gas into methylic alcohol (iii. 988), and ethylene into ethylic alcohol (i. 72); and 
from the alcohols, by well-known processes, a large number of other compounds may be 
obtained, namely aldehydes, acids, acetones, ethers, amines, organo-motallic bodies, &c. 

Another kind of chemical transformation, formerly supposed to bo peculiarly a func- 
tion of tlie living organism, is the formation of compounds containing a greater number 
of carbon-atoms from others containing a smaller number. In the earlier days of organic 
chemistry, indeed, the principal agent of transformation known was oxidation, by which 
an organic body is for the most part lowered in the scale, its carbon and hydrogen 
being gradually burnt away, until at length the whole is resolved into carbonic anhydnde 
uiid water, together with ammonia if nitrogen is also present. The possibility of effecting 
th(! opposite kind of transformation, of building up organic compounds from others lower 

ill th(! scale —that is containing a smaller number of atoms of carbon or hydrogen, or both 

has however been demonstrated in a great number of instances. Thus it has bean known 
for some years that naphthalene, may bo formed by passing the vapour of alcohol 

or other, or the vapours evolved by the dry distillation of benzoate of calcium, tlu’ougha 
red-hot tube. Other instances of the building up of organic compounds from others of 
lower oi^er are the production of potassic oxalate from the formate, by heating with 
potash-lime (‘iOIIKO'-* «= .+ H") ; the formation of docatyleno, and 

niiiny other of the higher olefines by distilling amylic alcohol, with phosphoric 

iinliydridc or chloride of zinc; the conversion of urea by heat into cyaniiric acid; of 
siil])liobcnzeno, by dry distillation into stilbene, &c. &;c. (see GmeUyCs 

Jlandhook, vii. 43). Of far greater importance, however, than these isolat ed instiinces 
ol'theaeciimulation of carbon-atoms by artificial means, art^ the general methods which 
h:iV(> been discovered of building np the terms of homologous "series — especially that 
discovered by Me ndi us, namely the conversion of the cyanide of an alcohol-radicle 
ijito the amine of tlie radicle next higher in the series, e. </. cyanide of hydrogen into 
mcthylamine, cyanide of methyl into ethylamine, &c. (see Homologous Substances 
iii. 164). * 

Since then the simpler organic compounds can be formed from inorganic materials, 
and from these a large nutriber of the more eomjplex compounds can be synthetically 
produced, it seems not improbable that all the proximate principles of thcj vegetable 
itiid animal organisms will ultimately bo formc‘d from their elements by artificial moans. 
Tlio notion of organic compouuds as constituting a class essentially distinct from 
inorganic or mineral compouuds in their formation and constitution, must therefore be 
abiindoned. Still the marked peculiarities of character by which bodies of vegetable 
and animal origin, and t hose formed from them, arc for the most part distinguished from 
those of purely mineral origin, especially their more complex constitution and ready 
decompo.sibility, as exhibited in their behaviour when heated, and by the phenomena 
of forraentation and putrefaction, have led to various attempts to define organic com- 
jHjunds in a more satisfactory manner. Thus Liebig formerly defined Organic 
tliernistry as tlie “ Chemistry of Compound Kadiclos.’* Such a definition, however, 
oannot be maintained at the present day, when almost every class of salts, of mineral 
as well as of organic origin, is supposed to contain a compound radicle, e.n. NO® in the 
nitrates, SO® in the sulphates,- &:c. Gmelin in his “ Handbook ” defines organic 
eiiemistry as the “ Chemistry of carbon-compounds containing more than 1 atom of 
carbon (C = 6). This definition excludes the simple carbon-compounds, CO, CO®, CS®, 
which are usually regarded as inorganic. It is impossible, however, to draw any pre- 
demarcation, with regard to properties and mode of formation, between 
(St )odies and others, such as acetylene and marsh-gas, which this definition would 
include among organic compounds: indeed Gmelin himself, as already observ’ed, 
nggests the propriety of considering^ all compounds containing carbon as organic, 

‘ no IS in fact the conclusion at which we must ultimately arrive respecting the 
mt^ning of the term Organic Chemistry, namely that it signifies the Chemistry 
5 in fhis sense it is used by Gerhardt in his JVaite ae 
organique^ and by Kekufo in his Lehrbuch der Organischen Chemie, 
g of the chemical processes which take place in the bodies of living plants 

of .^nd of the composition and properties of the complex fluids and organs 

h(^i i® province of Physiological Chemistry, a branch of the 

^iich bears the same relation to organic chemi.stry, or the chemistry of carbon- 
pounds, that chemical geology bears to mineral chemistry. 

Qf Amc B01>ZliS. This t-erm is applied to a numerous class 

compounds in which an organic radicle such as ethyl is directly combined with a 
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metal, and serves to distinguish them from other cyanic compounds containin* 
metals, but in which the metal is indirectly united or linked, as it were, to the metd 
by diatomic oxygen. Although organo-metallic bodies, constituted according to this 
definition, are, with one exception, the creation of the last sixteen years, yet their 
derivatives have been known for a much longer period. From the time that an 
organic acid was first united with a metallic base, these organic compounds containing 
metals indirectly united date their existence. It is true that these derivatives have 
not been regarded from this point of view; but a little consideration will serve to show 
that they stand in the same relation to organo-metallic bodies in the strict sense of the 
term, as the ethers, alcohols, acids, and numerous other organic families occupy with 
regard to the alcohol-radicles from which they are derived. Thus the organo-metallic 
compound ainc-ethyl fields by oxidation ethylate of zinc ; — 


Zincethyl. 


0 » 


Ethylate o( zinc. 


a body which, although unknown until formed by this reaction, has undoubted and 
well-known analogues in the ethylatesof potassium and sodium. 

lly suitable processes of oxidation, ethylate of zinc may be converted into acetate of 
zinc. 


Ethylate of zinc. 


0 * 


^ompo 

Acetate ol zinc. 


2H*0. 


The ethyl-compounds of potassium and sodium also pass through analogous phases 
of oxidation. 

Again potassium ethyl and sodium-ethyl, under the influence of carbonic acid, yield 
the propionates of potassium and sodium : 

KC-II* + CO* = KOC»IPO. 

Potasuium-cthyl. Propionate of potassium. 

The same result may also probably be reached b^ two distinct stages, viz., first by 
the conversion ofpotussiurn-ethyl and sodiiiin-(‘tliyl into the ethylates of potassium and 
sodium : 

KC*IP + 0 = KOC*H» 

Potassium- Ethylate of 

ethyl. potasitiuna. 

and secondly by the action of carbonic oxide upon these bodies. 

KOC*H» + CO == K0C*H»0. 

Kthyiate of Pioplnnate of 

potusiiiuni. potassium. 

The second stage of this conversion has not yet been experimentally realised, but 
Berthelot s production of formate of potassium from carbonic oxide and hydrate of 
potassium exhibits a homologous reaction. 

1 hese examples serve to point out the relations existing between organo-metallic 
bodies in the usual acceptation of the term, and that far more numerous class of deri- 
vatives to which the same name might without impropriety be applied • but it is 
scarcely necessary to remark that the present article will be confined to the considera- 
tion of organo-metallic bodies in the usual and more rosti-icted sense of the term. 


Formation of Oroano-metai.lic Bodies. 

Organo-metallic bodies can bo produced by a great variety of processes ; but these 
uXTfour heads with very few exceptions, admit of being grouped 

1. Formation ^V^nion of the Organic Radicle in statu nascenti with the metal, or by 
the coalescence of the latter with the iodide of the Organic Radicle 
By this method, the organic radicle is almost invariably presented to the metal in the 
form of iodide,— a state of combination surpassing all others in the facility with which 
the two components separate under the influence of chemical affinity. The metal, 

“ possible by granulation or otherwise, is phed 

resist the pressure of the vapours and gases generated. ^ 

hor a figure and description of the apparatus see Bath (i 521) 
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direct sunlight, or to the solar rays concentrated by a parabolic reflector. In the latter 

case the vessel may be surrounded by water or by a solution of sulphate of copper to 

absorb the calorific rays. , . , . 

The organic compounds of zinc, cadmium, magnesium, aluminium and glucinum 
are produced by the thermal process, those of tin may be formed either by the thermal 
or by the light process, whilst the organo-compounds of mercuiy can only be generated 
in the class of process now under discussion by luminiferous agency. The thermal 
method of procedure is well illustrated in ^e preparation of eincethyl. 

The reaction which occurs on heating zinc and iodide of etliyl is usually expressed 
by the following equation : 

+ 2Zn'' = ggllzn' . Zn-jJ. 

Iodide of ethyl. Zinc-ethyl. 

The actual chemical changes occurring in the formation of zincethyl are, however, by 
no means so simple. This body is found in a free state, in very small quantity only, 
amongst the products of the reaction of zinc upon iodide of ethyl, but there exists 
amongst these products a crystalline body which contains zinc, ethyl, and iodine, and 
may b^e regarded as formed according to the equation : 

C2H»I + Zn « Zn"(C2H»)I. 

Iodide of Ethiodide of zinc, 

ethyl. 


This compound is decomposed at about 160®, yielding iodide of zinc and zinc- 
ethyl : 

2Zn"(C=H>)I =. Zn"(C2H')* + Zn'l^. 

Gthiodide of zinc. Zincethyl. 


Contemporaneously with the first of the above reactions, there occur others in which 
plhy], hydride of ethyl, and ethylene are protiuced. The separation of ethyl in this 
reaction is doubtless duo to the direct action of zinc upon iodide of ethyl : 

2(C=IP)I + Zn = (CW)* + Zn'T 

Iodide of ethyl. Kthyl. 

whilst the appearance of the secondaiy produc^ ethylene and hydride of ethyl, results 
from the action of the ethiodido of zinc upon iodide 6f ethyl : 

Zn'XmP)! + cm^l « C^mH + + Zn'T». 

Ethiodide of Iodide of Hydride of Ethylene, 

zinc. ethyl. ethyl. 


Not withstanding, however, the intermediate formation of ethiodido of zinc, in the 
manner above indicated, the final result of the reaction is correctly expressed in the 
first of the above equations. 

The reactions by which ethyl, hydride of ethyl, and ethylene are produced can be 
almost completely avoided by the admixture of an equal volume of anhydrous ether 
with the iodide of ethyl. The yield of zincethyl is thus proportionately increased. 

Zme-methyl and zinc-amyl may be also thus produced, but they are obtained in a 
?tate of purity with extreme diflSculty, and are therefore more advantageously prepared 
[iccording to the fourth method of formation. No attempt has yet been made to form 
Lhe corresponding compounds of the remaining alcohol-racbclos. 

Organo-compounds of Tin , — Although these bodies can be obtained by other, pro- 
iGssos, the general method we are now considering is doubtless the most convenient 
node of producing most of them. Tin is capable of forming three distinct classes of 
unary inorganic compounds which may bo represented by the following general for- 
nulx ; 





Sn*" 


’ll 

R 

R 

R 


This threefold atomic character of the metal renders the result of its action upon the 
odides of the alcohol-radicles considerably less simple than that of zinc. Without 
awng into account compounds to which a still more complex constitution has been 
^signed, the existence of the following series of organo-metallic bodies containing tin 

‘as been established:* 


Izt Series. and Series. 3rd Series. 



formula R 4 . represents a positive organic radicle, and R- a negative radicle : no negative 
■«iuc radicle es such, has yet been introduced into these compounds. 
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4th Series. 


Sn*^ 


K + 
R + 
R + 


6th Series. 


Sn*» 


R + 
R + 
R- 


6th Series. 

^ R + 


Sii‘» 


R + 
R- 
R- 


The second and fourth of these series have not yot been produced by the method wj 
are now considering. C*H*\ 

Rikst Sebies. Stannous ethide produced in small quantities b) 

the action of heat upon a mixture of iodide of ethyl and tin : 

2(C’*H'^)I + Sn'-* = Sn'^C'-'H*)* + Sn"P. 

Iodide of ethyl. Stannous etliide. 


Stannous methide is doubtless formed under similar conditions. 

The TiiinD Series of stann-organic compounds is formed by reactions, of which the 
following may bo regarded as a type : 

4(CH*)I + Sn* = 2[Sn"'(CH*)*I] + SnI*. 

lodidff of Dimothiodide 

methyl. of tin. 


Fifth Series. — The following chemical change expresses the mode of formation ol 
compounds belonging to this series: 

3(CH=‘)I + Sn^ « Sn*'(CH»)»I + Sn"P. 

lf)di(ie of Stannic lodo- 

methyl. trimethide. 

Sixth Series. — The most abundant products of the action of tin upon the iodides 
of the aleoliol-radicles belong to this scries ; indeed, if the action bo produced by liglit 
instead of Iieat, they are formed almost to the complete exclusion of the others. It is 
necessary, however, to remark that the materials exposed to light should be coinplclcl;' 
excJudecl from atmospheric oxygen, otherwise the liquid assumes an orange colour, and 
the action is so etfoctually arrested that an exposure for several montiis to sunlif,dit, 
concentrated by a parabolic niii;ror, will scarcely produce any appreciable change. 
The following reaction explains the formation of bodies belonging to this series : 

2(CH«)I + Sn - Sn*»(CH»)*I*. 

Iodide of Stannic 

methyl. dimethiodide. 


It is evident that three series 
category, via. : 



R + 
R- 


of tin-compounds are still wanting to complete tho 



It is somewhat remarkable that no organo-tin compounds containing only one equira- 
lent of positive radicle, have hitherto been produced. The inference to be drawn fn^ni 
this, that such bodies do not exist, must bo checked by the fact that no special attcinpi^ 
have yot been made to form them. 

Organo-compounds of Mercury , — The reaction of mercury upon the iodides of tho 
alcohol-radicles gives rise to two series of organic compounds, the general formulae of 
which may thus be written : 


Ist Spries. 



2nd Series. 



The first series only of these bodies can be produced by the general mode of forma- 
tion now under consideration ; but the members of the second series are readily obtained 
by the action of an organo-zinc compound upon those of the first. 

For the production of the first series of these bodies, the action of light is essential 
(except in the case of mercuric iodo-allide), no elevation of temperature being capable 
of producing the chemical change. The ifollowing equation sufhciently exhibits the 
nature of the reaction : 

CH»I + Hg - Hg"(CH»)I. 

lortido of Mercuric 

methyl. iodumethide. 

For the production of the methyl-componnd, bright sunhght may be employed ; 
the reaction for the ethyl-body must be conducted in diffused daylight pnl/f otbermu® 
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no organo-metallie compound will be produced, the ethyl being eliminated chiefly as 
Bucli, but partly, also, as hydride of ethyl and ethylene : 

2(C2H»)I + Hg « Hg"P + C2H*.C*H*. 

Iodide of ethyl. Ethyl. 

2(0'H*)I + Hg = Hg"P + + C“H‘. 

Iodide of Hydride of Ethylene, 

ethyl. ethyl. 

In addition to these bodies, compounds containing arsenic and antimony can also bo 
produced by tliis general mode of formation ; but they are obtained with greater facility 
by tho second method, which will now be described. 

2. Formation of Organo-metalUc bodies hy the. action of the respective Metals alloyed 
with Potassium or Sodium upon the Iodides of the Alcohol-radicles, 

The principles involved in this second general mode of production are essentially similar 
to those in the first, but there is here less tendency to form compounds containing 
iief^ative as well as positive radicles. The simultaneous production of an organo-potas- 
Bium or sodium compound need not be feared, since such compounds cannot exist in tho 
prosenoe of the iodides of the alcohol-radicles. 

This mode of formation will be sufficiently illustrated by the following reactions : 


A rsenic-compoun ds. 


4(cn»)i 

loilidf* of 
Tncthyl. 

+ 

2(As'"Na*) = 2(A8'"(CH*)2) 

Cacodyl. 

+ 

4IfaI. 

3(CH»)I 

Iodide of 
methyl. 

+ 

As'"Na» = As"'(CIP)* 

Trimethylursinc. 

+ 

3NaI. 

4(CIP)I 

Iodide of 
methyl. 

+ 

As"'Na» « As^(CH*)T 

Iodide of tetra- 
methylarsonium. 

+ 

3NaL 



Antimony-compounds, 



3(CH‘)I 

Iodide of 
methyl. 

+ 

Sb'"Na» « Siy"(CH»)» 

Trimethylstibino. 

+ 

3NaI. 

4(CI1»)I 

Iodide of 
methyl. 

+ 

Sb^m* = Sb^(CH»)^I 

Iodide ol’tetra- 
methyUtibonium. 

+ 

3NaI. 



Tin-compounds, 



2(CH»)I 

Iodide of 
methyl. 

+ 

Sn'Na* = Sn"(CH»)* 

StHiinous- 

methlde. 

+ 

2NaI. 

6(cn»)i 

Iodide of 
methyl. 

+ 

2(Sn"']Sra») « 2[Sn"'(CIP)»] 

Stann-^esqui- 

methide. 

+ 

6KaI. 

4(CH*)I 

Iodide of 
methyl. 

+ 

Sn'^^Na" « Sn«^(CH»)* 

Stannic methide. 

+ 

4NaT. 


Mercury-compo un ds. 

When the iodides of the alcohpl radicles are placed in contoct with sodium-amalgam, 
10 perceptible action takes place at ordinary temperatures, even after prolonged diges- 
lon, but on the addition of a few drops of acetic ether, the amalgam is immediately 
ittacked and a brisk action with considerable elevation of temperature attends the for- 
mation of the organo-mercurial compound. The function of the acetic ether in this 
'^action is not understood, but the ether is found in undiminished quantity at the close 
a the reaction. The following equation illustrates the formation of these compounds : 

2(CH*)I + Na’Hg" « Hg"(CH»)* + 2NaI. 

Iodide of Mercuric 

methyl. meihide. 


6(C2H»)I + 

Iodide of ethyl. 


2(Pb"'Na«) 


2[Pb"XC»H»)»] + 6NaL 

Pluinb-triethide. 
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Biamuth^com^und, 

3(C*H»)I + Bi'W . Br(C*H»)* + 3NaI. 

Iodide of ethyl. Bii-triethide. 

Tellnrium^compounda, 

Organo-teUurium compounds are formed by a modification of this method, which 
consists in distilling teUurido of potassium with ethylsulphate of potassium and its 
homologues : 

2(S’-0’‘.CH«0.K0) + Te"K* - + 2(S'^O’(K0)>). 

Methylsulphate of potaisium. Tellurium -methyL Sulphate of potassium 

The ethyl and amyl compounds are prepared by homologous reactions. 

3. Formation of Organo-metallic bodies by the action of the Zinc-compounds of the 
Organic Radicles upon the Haloid compound either of the Metals themselves or of their 
Organo-derivatives, 

^ For the production of organo-metallic bodies containing less positive metals than 
sine, this method is perhaps not only the most convenient^ but also capable of the most 
general application. Compounds containing mercury, tin, lead, antimony, and arsenic 
have been thus prodiieorl, but it has failed when applied to the haloid compounds of 
copper, silver, and platinum, for although these bodies are violently, acted upon, tho 
organic group does not unite with the metal. 

The following reactions illustrate this mctliod of formation : — 

Mercury-co'mpoun ds. 

Zn'XCIP)* + Hg"CP = Hg"(CH»)2 + Zn"GR 

Z]nc>mcthyl. Mercuric methide. 

Zn"(CH*)* + 2Hg"Cl* « 2Hg"(CH*^)Cl + Zn"Cl*. 

Zinc-methyl* Mercuric chlorometliide. 

Mercurous ethido and mercurous methido have not yet been obtained either by this 
OP any other process. The instability of mercurous compounds, as seen in tho inor- 
ganic oxide and iodide, is brought to a climax in organic mercurous compounds ; tho 
latter are instantly transformed into metallic mercury and tho more stable organo-mor- 
curic compounds. Thus, when zinc-ethyl acts upon mercurous chloride, the following 
change results : — 

Zn"(C’HT + ailgCl - Hg"|gg! + Hg + Zn”Cl» 

Zinc-ethyl. Mercuric ethide. 

Tin-compounds. 


2Zn"(C*H»)2 

Zinc-ethyl. 

-1- Sn‘»CP 

Stannic chloride. 

Sn«-(C*n^)« + 

Stannic ethide. 

2Zn"CP. 

Zn*(C'H'>)« 

Ztnc-«thyl. 

+ Sn‘-(CaP)^I* = 

Stannic diethiodlde. 

Sn‘-(C*H®)« + 

Stannic ethide. 

Zn"P. 

3Zn"(C*H»)» 

Ztne-ethyL 

+ 2Sn*’^CP 

2Sn‘^(C*H‘')»Cl + 

Chlorotriethide of tin. 

SZn'CT. 

Zii''(C'H»)» 

Zinc-ethyl. 


Sn*-(C*H»yCl* -f 

Stannic dichlorethide. 

Zn'OT. 


Bead-compound, 

The following is the only reaction which has hitherto been effected by the method 
which we are now considering : — 

2Zn"(C»H*)* + 2PbTl* « Pb*^(C*H»)* + Pb 2Zn''Cl*. 

Zinc-ethyl. Plumbic ethide. 

Antimony-compounds, 

3Zn''(CH»)» + 2Sb'Xl» « 2Sb"YCH»)* + 3Zn"Cl*. 

Zlnc-methyi. TrImethyUtiblne. 

Arsenic-compounds, 

Zn*'(CH*)* -I. 2 Ab'"CP « 2As'"(CH»)* + aZn^Cl*. 

Zinc-methyl. Trimethylarilnet 
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^ JPormatUm of Organo-metallic bodies by the disyUacement of a Meted in an Organo^ 
metaUic compound by another and more positive Meted. 

This fourth mode of producing organo-metallic bodies has been successfully applied 
to the formation of the compounds of sodium, potassium, lithium, aluminium, and zinc. 
In the case of the three first>named metals the reaction takes place at ordinary tempera- 
tures, the original body operated upon being an organo-zinc compound which also enters 
the composition of the resulting organo-potassium, sodium, or lithium compound as 
shown in the following reactions : — 

fnzTTs fC*IP 

3Zn"|^,H5 + Na* " ^Na ' ■*" 

Ziiic-othyl. Sodio-zinc-cthyl. 

azn-jgg: + K* - 2|“" III + Zn. 

Zinc-ethyl. Potassio-zinc-ethyl. 

Sodium also displaces mercury from mercuric ethide; sodium-ethyl is probably 
foiTiicd, but the exact nature of the reaction has not been ascertained. 

The organo-zinc compounds are obtained by the action of granulated zinc upon the 
corresponding mercury compounds at a temperature varying from 100° to 130° C. The 
following example shows the nature of this transformation. 

+ 2n''Hg". 

The nrst mode of formation above described, cannot, without formidable difficulties, 
be applied to the production of zinc-methyl and zinc-amyl in a state of purity, but by 
the fourth method, now under consideration, these bodies are obtained with great 
facility ; for the preparation of zinc-ethyl, however, the first method is the most advan- 
tageous. 

PjBOPERTXES OB' OliaANO-METALLIC BoDIES, 

The organo-metallic compounds as a class are distinguished by the extraordinary 
energy of tlieir affinities. With certain exceptions, presently to be noticed, tlieir dis- 
position to unite with negative elements increases with the positive character of the 
metal and with the smallness of the atomic weight of the alcohol-radicle. Thus 
orgauo-polasaium and sodium compounds possess more chemical energy than those of 
zinc, whilst the latter are more active than the compounds of arsenic, antimony, tin, 
or lead. Again, in the series belonging to each metal, the methylic compounds are 
more energetic than the ethylic ones, whilst the last greatly surpass the ainylic com- 
pounds in this respect. But whilst these general principles govern the chemical 
energy of organo-metallic bodies, their effect is modified by tlio degree of saturation in 
which the metal exists. Although this circumstance has hitherto received only partial 
elucidation, yet we have evidence of its eftects in the case of organo-tiii compounds, 
both Ktsinnous ethide and stannous methide combine directly with atmospheric oxygen, 
and the union takes place with tolerable rapidity ; but neither stannic ethide nor stannic 
methide is in the least degree acted upon by free oxygen at ordinary temperatures ; 
even iodine aerts upon them with difficulty. This diminution of chemical energy in 
oi^no-stannic comixiunds cannot bo ascribed to the mere influence of the additional 
Weight of hydrocarbon which they contain, since stannous amylido readily unites with 
oxygen at ordinary temperatures, although the single atom of amyl which it con- 
tains is considerably heavier than the double atom of either methyl or ethyl present 
ui the organo-stannic compounds just cited. 

Organo-metallic compounds in a state of partial saturation play the part of compound 
radicles. They are monatomic, diatomic, triatomic, or totratomic, according to the 
number of atoms requisite to complete their saturation. On the other hand, organo- 
®ie^llic bodiea in a state of saturation never perform radicle functions : they never 
undergo chemical change without decomposition. Thus zinc-ethyl, stannic ethide, 
uiercuric ethide, and plumbic ethide all give substitution-products when they are 
chomically acted upon. 

Potassium^ sodium^ and lithium series .^ — These bodies have not yet been isolated; 
are known only in combination with the corresponding zinc or mercury compounds, 
double compound of sodium-ethyl and zinc-ethyl is the only one which has 

liitherto been submitted to analysis. Its formula is 
• Wanklyn, Proe. Roy, Soc. iv. 3il. Frankland. Proceedings of the Royal Institution, vol. It. 
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This compound first separates from its solution in zinc-ethyl as a transparent 
which after some time solidifies to a mass of large tabular crystals, fusing at 27° C, 
when once fused remaining fluid at several degrees below that point. On the app];. 
cation of a moderate heat to this compound, gases are evolved, and a mixture of sodiunj 
and zinc without carbon is left behind. Sodio-zinc ethyl decomposes water with great 
violence, forming hydride of ethyl, and the hydrated oxides of zinc and sodium. The 
behaviour with negative elements has not yet been studied. Its most interesting rear- 
tioii con.sists in the absorption of carbonic anhydride, which it transforms into propionic 
acid. Tiie sodium-ethyl alone takes part in this ri^action : * 

NaCW + CO« = 

Sodium-ethyl. Propionate of 

sodium. 

Ko compound of any of these bodies with a negative element has been obtainof] 
Their action upon carbonic anhydride proves that they possess a still higher rediu'in|| 
power than the corresponding organo-zinc compounds, and they will therefore doubtless 
prove valuable agents for the substitution of positive groups for negative elements in 
cases where organo-zinc compounds fail to produce the desired effect. 

Sodium-ethyl decomposes the iodides of the alcohol-radicles in the cold, with for- 
mation of iodide of sodium. f 

= Nal + + C’H*. 

Sodium- Iodide of Hydride of Ethylene, 

ethyl. ethyl. ethyl. 


Owing to this behaviour, potassium and sodium compounds can only be prepared by 
method No. 4. 

The following bodies belonging to this series have been described: 


Potassio-zxnc methyl 

^ (CIP 

Potassio-zinc ethyl . 

J. 

^ (C'^IP 

Sodio-zinc methyl . 

Na |^jj 3 

Sodio-zinc ethyl 

7n..(C2n» 


Lithio-mercuric methide 

Ll ICII:' 

Lithio-mercuric ethide . 

(C*IP 

Lithio-zinc methide 

r, . fOh* 

io lp 

Lithio-zinc ethide . 

f " \ C-IP 

Bi 


Magnesium series .\ — The compounds containing ethyl and methyl only have hitherto 
been examined, and th(5 former alone submitted to analysis. These bodies possess a 
close similarity to organo-zinc compounds. They are very volatile colourless liquids, 
possessing a powerful alliaceous odour; are spontaneously inflammable, and decompose 
water with violence. They do not readily decoiTiix)se the iodides of the alcohol-radicles, 
and can therefore he prepared by method No. 1. No compound of these bodies with 
negative dements has yet been produced. They are in the condition of chemical satu- 
ration. Further detiils of their properties are wanting. 

only known organo-com pounds of this series are aluminic 
methide, A1 (CH )", and aluminic ethide, Ar"(C*H'‘)®. They are prepared by heating 
mercuric methide or ethide with excess of aluminium clippings in sealed tubes : 


3Hg"(CH’')2 -P AP = 2Ar(CH»)» + Hg*. 

^ They are spontoneously, inflammable liquids, which decompose water with explosive 
^olence, and react with iodine to form iodo-derivatives and iodide of methyl or ethyl. 
By regulated exposure to dry air they take up oxygen, forming bodies apparently 
analogous to bone dioxy-methide and dioxethide (Buckton and Odling). A 
compound of aluminic ethide with iodide of ethyl had previously been obtained by 
^ t did 0 ^ «thyl (ii. 635). Qlwinvm appears to 


• Wanklyn, Chem. Soc. Qu. J, xl. 103. 

% Cnhours, Ann. Ch.Phys, Iviii. 17. 

% Ibid. C31 Util. 20.— Buckton and Odling (Froc. Roy. Soc. xlv. 19).^^, 


t Frankland, Proc Roy. Soc. lx. 846. 
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Zinc Sebibs.* — Three bodies belonging to this series are known, viz. : 

Zinc-methyl, Zn" I Zinc-ethyl, Zn |qsjj- 5 Zinc-amyl, 

They are colourless, transparent, mobile, volatile, and odorous liquids, composed of 
VO caseous volumes of the hydro-carbon radicle, and one volume of ziuc-vapour, the 
hrt‘e volumes condensed to two. TJie methyl- and etJiyl-compouiids are spontaneously 
ntliimmablo, burning with a groeiiish-bluo flame; zinc-amyl is spontaneously inflam- 
iiiible in pure oxygen only. All three are saturated compounds, incjipable of direct 
omhiinition. lu contact witli water, they are instantly decomposed, with formation of 
lydrated oxide of zinc and hydride of tho organic radicle : 


Zn"(CH«)* + 2n'^0 « Zn'lPO* + 2(CH«.H). 

Zixic-metliyl. Hydride of 

methyl. 

Gradually treated with dry oxygen so as to avoid too violent action, they pass through 
stages of oxidation, illustrated in tho case of zinc-ethyl by the following 


equations 


(C=TP 
j C“IP 

Zinc-cthyl. 


Zn' 


enp ^ 
1 OCW 

Ethylato of zinc-cthyl. 


Zn" 


o 


o 


iomp 

Ethylate of zinc-ethyl. 


.,(002IP 

locm^ 

Ethylate^ of zinc. 


Zn' 


The iiction of iodin(3 upon orgauo-zinc compounds differs somewhat from that of oxygen 
owing to the monatomic character of tlie negative element. It consists in tho successive 
elinumition of the two atoms of hydrocarbon-radicle and their substitution by iodine : 


JC'H® 

Zinc-ethyl. 


Zn j j 

lodo-ethide of zinc. 


P 


lodo-ethide lodidn of 

of zinc. ethyl. 

Zn'IJ + C»H»I. 

Iodide of zinc. Iodide of ethyl. 


Organo-zinc compounds behave in a manner exactly analogous in contact with the 
other lialogeiis. 

llcactioiis like the foregoing point to the applicability of these compounds for 
effodiiig the substitul ion of positive groups for negative elements in compound bodies, 
an application which has not failed to attract the notice of chemists. In addition to 
tlic reactions of this class given above as examples of the formation of organo-meUiUio 
bodies by tlie third method, the following have been realised : 


Nitric Oxidc,f 


2N^O« + Zn-'lgg: = 2 (N=CITO)|o. 

Nitric oxide. Zinc-methyL Dinitro-methylate of zinc. 

It will be perceived that this reaction is the exact analogue of the one already men- 
tioned in the sodium and potassium series, w’hero carbonic anhydride, treated with 
sodium-methyl and sodium-ethyl, forms acetic and propionic acids. In fach dinitro- 
niethylic and dinitro-ethylic acids may bo regarded as the analogues of acetic and 
propionic acids respectively ; the nitrogen here sustaining a diatomic character, and 
replacing an atom of carbon. 



With Sulphurous Oxide. X 

It 

2SO* 

y „JCH* 
}CH> 

“* Zn" ( 


Zinc-raethyl. 

Methyl-dithionate of zinc. 

It 

3S0* 

+ An Jqzh# 

^ 8\c?H»)=d4[o, 

Zn"i 


[Zinc-ethyl. 

Ethyl-trithionate of zinc. 


kland, Cbem. Soc. Qu. J. li. 297. and ill. 44; Phil. Tran*, cxlil. 431, and cxiv. 2.W. 
», Chena. Soc. Qu. J. xlil. 124. Frankland and Duppa, Chein. Soc. Qu. J. [2] voU 
eth and Bellstein, Ann. Ch. Pharni. cxxiii. 245. Butlerow, Bull. Soc. Chim. Aug. 1864, 

t Frankland, Phil. Trails. 1857, p. 59. t Hobson, Chem. Soc. Qu. J. x. 455 and 33. 

^01. IV. Q 


• Fran 
^anklyr 
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With Triddi/rida of Phosphorus* 


2FT1» 

2PC1» 


3fZn"(CH»)»] 

Xlnc-methyl. 

3[Zn"(CTP)T 

Zinc-cthyl. 


2F"(CH»)* + 

Trimothylphosphine. 

2F"(C'=H^)» + 

Triett'ylpliobphine. 


3Zn"Cl* 


3ZnTR 


There is no apparent obstacle to this reaction being pushed to its extreme limit in 
the case of pentutomic bodies such as phosphorus, arsenic, or antimony. Mr. Buoktoi] 
has attempted this in the case of antimony ; but ultliough evidence of the exist 
ence of a pentetliide of antimony was obtained, the body could not be isolated nor its 
composition satisfactorily fixed. The great stability of the triatomic compounds ot 
these bodies will probably present considerable difficulty in the way of obtaining pen. 
tatomic compounds of an exclusively positive character, such bodies being doubtless 
easily resolved into the more stable groupings represented in the following equation: 
Sh»(C2H*)* = Sb'"(C-n^)® + 

Antimoiiic ethida Triethylstibine. Ethyl. 


fOC*n» 

B”XOC''TP 

iOC=IP 

Boric other. 


With Boric Ether, f 

(CH* 

<CHs 

[cm 

Boric methide. 


(CH* 


CK» \ 

Ethylate of zinc-methyl. 


Zinc-methyl. 

With Oxalic Ether.l 

When oxalic edher is heated with zinc-ethyl and water is afterwards added, leucic 
ether is produced according to tho following equation : 


(0 

''Is 


OC^IP 


+ Zn' 


IC^IP 

Oxalic ether. 


«(C=IP 


+ 2H*0 = C* 


OIT 


0 

OC^IP 

Zinc-ethyl. Lcuric other. 

With Tetrachloride of Silicon. 

r 2[Zn"(C=H-*^)*] - _Si«;(C'Tr'»)< 


Zn" 

IP 


02 -1- 


C=IP>0 

irr' 


Alcohol. 


2Zn"CP. 


Si'^'CP 

Zinc-ethyl. Silicium-ethyl. 

Whilst, on the bno hand, organo-zinc-compounds are thus capable of effocting the 
substitution of their positive organic groups for negative elerm'nts, they can, on tlip 
other hand, in certain cases replace hydrogen hy zinc, forming, for instance, with am- 
monia and its hornologues, a series of zinc-amides. In this direction the following 
reactions amongst others have been recorded : § 


Zn'XC^H®)* 

Ziuc-ethyl. 


2N"'n» 

Ammonia. 


Zn"(C2H*)* -f 

Zinc-ethyl. 

Zn(C2H»)2 

Zlnc-otliyl. 


2[N"'(C»H»)H*] 

Aniline. 

+ #(C20»)H^ 

Oxamide. 


N-Zn'lP 

Zincamlde. 

#(C»H»)2Zn"H2 
Zincphenylimide. 

#(0*H»)2Zn"H 

Zineuximido. 


2(C2H».H) 

Hydride of ethyl. 

+ 2(C2H».H) 

Hydride of ethyl. 

2(C2H*.H) 

Hydride of ethyl. 


By losing one atom of alcohol-radicle the organo-zinc-compounds become monatomifl 
compound-radicles, forming compounds which have been but little examined. The 
following however have been described : || 


Dinitromethylate of zinc-methyl 
Dinitroethylate of zinc-ethyl . 


ZnCHs 


wcm^oir, 

ZnC^H*;^* 


Cadmium Series.^— Only one member of this series is known, and that very imp®'* 
fectly. Its properties appear however to bo analogous to those of the zinc-compouD(ls- 
Tin Series. a large number of organo-metalJic bodies containing tin have been 
described. The following will suffice as examples of the several classes of these com- 
pounds : 

•Hofmann and Cahours, Phil. Trans. 1867, p. 678. t Fran k land, Phil. Trans. 
t F ran ki an d, Proc. Roy. Soc. xll. p. 896. ^ F ra n k 1 a n d. Proc. Roy. Soc. rid. 

• E J 1'* ” P- .. V W a n k 1 y n, i'hem. Soc. Qu. J. lx- 193. 

•vv P-'«17,«nd m9.p.401. Cahour* and Riche. Compt r^- 

1001. Lb wig. Ann. Ch. Pharm. Ixxxiv. 308. A. O r imm, Ann. Ch. Ph*”"' 
Ann ri* ® ‘ Phy. Trans, for 1859, p. 4^^^ Cahour s, Ann. Ch. Phys. 29. Streck*. 
Ann. Ch. Pharm. cxxlii. 366. • * j 
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a. Stannous Compounds. 

Stannous methidc, or Stanmethyl . . Sn''(CH*)*, 


h, Triatomic Compounds. . • 

Trimothide of tin . • [Sn"'(CII*)*]* | lodo-dimethide of tin . [Sn"XCH*)*I]. 


c. Stannic Compounds. 

Stannic methide 

Stannic iodo-trimothido .... Sn‘’^(CH’)®I 

Stannic iodo-dimethide .... Sn‘''(CH*)“I“. 

It is scarcely necessary to obaervo that the iodine in tho above compounds admits of 
rf-placemeiit by any salt-forming radicles and also by oxygen or sulplmr. 

Stannom compounds are oily liquids soluble in alcohol and ether, but insoluble in 
water, and possess a pungent odour. They cannot be distilled without decomposition, 
being resolved into stannic compounds and metallic tin. They aro in a state of 
partial chemical saturation only, and therefore jierform the part of radicles, combin- 
i;ig din.’ctly with chlorine, oxygon, &c., and forming well-marked bodies of great 
stability. 

Stannous compounds are diatomic, and unite directly with free oxygen, chlorine, &c., 
to produce bodies of the stannic form. Thus stannous ethide forms witJi oxygen, stannic 
oxidiethide : 

Sn"(C2H*)2 + O = Sn‘-(C‘TP)"0" 

Stannous ettiide. Stannic oxidiethide. 

Stannous compounds have never yet been observed to play ti monatomic part. No 
triatomic compound has been directly formed from a stannous Ixnly ; tin* Inlter, under 
the iiiflucnco of iodine, oxygen, &c., scorns to pass at onet; into the stannic form. 

Tnntomic compoimds of the form (Sn'"lP + )®have hith(‘rto Ix tm very little examined. 
They are oily liquids, iiuiting directly with negative rjtdieles, forming an extensive 
series of compounds belonging to the stannic class, a coiisidinublo number of which 
li.ive been studied. The following examples will serve t(j show the mode in which 
triatomic compounds of this form pass into bodies of tlie stannic class : 

[Sn'"(C"H')'’]« + P = 2Sn*^(C»lP)’’I. 

TrI-cthide of tin. Stannic iodotriutliide. 

+ I* = Sn*^(C*H®)»P + 

Stannic iodotri- Stannic lodUle of 

ethide. ethide. ethyl. 

No reduction of a triatomic compound to a stannous compound has yet been oflTected, 
although it. can scarcely bo doubtt'd that an aqueous solution of diethiodide of tin, for 
instance, if treatt*d with zinc, would yield stannous ethide. Oii the other hand, 
stannic ethide or methide in contact with iodine is transformed into a triatomic com- 
pound, viz,, diethiodide of tin : 


2Sn‘^(C*H»)2(Cn»)* + P = 2Sn*-(C‘n«)=I + 4CIPI. 

Stannic ethylo-dimethide. , Diincthiodide Iodide of 

^ of tin. methyl. 

Triatomic compounds of the form ^Sn'"'|K+ ^ ®are very little known. In fact the 

diethiodide of tin, the production of which from stannic ethylodimethide has just been 
inentioned, is the only one known with certaiinty. It is a colourless mobile liquid, 
oiling with partial decoinj^sition at 208*^, and possessing a most insupportable 
odour, resembling essential oil of mustard. Heated with excess of iodine, it is traus- 
lonued into stannic iododiethide : 


rSn"YC«n»)H]* 

Diethiodide of tin. 


+ P 


« 2Sn«^(C=IP)=P. 

Stannic iododiethide. 


fttnnic compounds of the form + are colourless mobile liquids, possessing 

8 ighii ethereal odour. They are volatile without decomposition, and are very stable. 
2 ^ condition of chemical saturation, they are incapable of direct combination. 

Th upon them without expelling one or more atoms of positive radicle. 

8dd*h^£id hydrochloric acid, stannic ethide yields stannic chlorotriethide 


Sn'^(C*H»)« + HCl « Sn«^(C*H»)»Cl + 

Stannic ethide. Stannic chlorotri- Hydride 

ethide. of ethyl. 
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Stann!ecomponndsoftheformSn'’||';|^ commonly caUod compounds of scsqo, 

stannethvl have been comparatively well studied. The oxides are, in the anhydron 
condition volatile, limpid, oily liquids which readily unite mth water, forning ciy* 
talline hydrates which have a powerful alkaline reaction, and neutralise the strongeg 
acids forming an extensive series of salts. These salts aro almost all soluble in watei 
readUy crystulli sable, and of a very pungent odour. 

Stannic compounds of the form Sn»^ have also been very completely inves 

tigated. The oxides aro white amorphous powders, insoluble in water, alcohol, am 
ether. They dissolve in hydrochloric, hydriodic, and liydrobromic acids, forraiiij 
colourless and inodorous salts, which crystallise in fine prisms. Most of the oxysiik 
can also be obtained in the crystalline form, either from aqueous or alcoholic sol ut ion? 

Stannic compounds of this form are readily reduced to stannous compounds ; thu« 
when a piece of zinc is plunged into a solution of stannic chlorodicthide, stannou 
ettide is produced : 

Sn*"(C2H-'‘)*Cl* + Zn" = Sn'^C^K®)- + Zn"CP. 

Stannic clilorodl- Stannous cthide. 

ctliide. 

Bismuth Series.* — T hese bodie.s have as yet been but very imperfectly investigatec 
Bismuthoiis triethide is a colourless or slightly yellow mobile lic^uid, having an nr 
pleasant odour like tliat of stibethine. Exposed to the air, it gii'os off’ dense yellow 
fumes, inflames spontaneously, and finally explodes. It is very unstable, begins to df 
compose at 50 '-' or G0° C., and explodes violently when la'afetlto loO® C., ateinperafnr 
still below its boiling point. No direct compound of this body has yet been obtained 
it l)eliaA'es like a ehemieally saturated substance, and when slowly oxidised in eontuc 
with water, yields alcohol and hydrated oxide of bi.smuth. 

When an alcoholic solut ion of mercuric chloride is added to an alcoholic solutio 
of bismuthoiis et liido, mercuric ethochloride crystallises out, whilst bismuthous dichloi 
ethide remains in .solut ion : 

Br(cm^y + 2Hg"CP « Br"(C2ip)oi* + 2Hg"(C'^H*)ci. 

Bicmtitlious Hismiithouii Mcreiu'ic 

cthide. dichloreliiide. chlorethide. 

From the bismuthous dichlorethidc, the diiodide and dioxyethide are prepared b 
double decomposition, whilst the simultaneous action of snlphurettod hydrogen, watoi 
bismuthous ethide, ,and atmospheric oxygen is said to produce the double compoundc 
bismuthous sulphide and bismuth ic sulphotriethide. 

Le.\i> SBRiBS.t — Plumbic cthide, Pb‘^{C’‘TP)*, and its derivatives only are known i 
this series. 

Plumbic cthide is a colourless limpid fluid, soluble in ether, but insoluble in wate: 
and poHse.ssing a faint odour. It is not acted upon by oxygen at ordinary temperature: 
but chlorine, bromine, and iodine act violently upon it. Plumbic ethide belongs teth 
class of saturated bodies, and is consequently incafiablo of forming compounds. Whe 
it is treated with hydrochloric acid, hydride of ethyl separates and plumbic cliioK 
triethide is formed : 

Pb'’^(C2iP)* + Hci « Pb‘"(C2jp)»ci + cmm. 

Plumbic ethide. Plumbic cbloro- Hydride of 

triethide. ethyl. 

From plumbic chloro-trielhide the sulphate and other salts can be prepared b 
double decomposition. These salts may also be obtained still more readily from tii 
oxide, which is a crystalline, volatile, pungent body, pQsses.sing a jiowerful alkaline r< 
action, and attracting carbonic acid from the air. 

Mercuric Series. J — This series is confined to bodies of the mercuric type, ” 
organo-mercurous compound having been yet produced. The following are examp” 
of bodies belonging to this series : 

' / CH* 

Mercuric mothiodide • . . . . Hg" Y 

Mercuric ethonitrate Hg" | ^q«* 

Mercuric amylide . . . , . Hg" j 


• Breed, Ann. Ch. Pharm. Ixxxil. lOS; Dunhaupt, Ann. Ch. Pharm. xcU. 371. 
t Lowig, Ann. Ch. Pharm. Ixxxvlii. 318| Buck ton, Phil. Trans. 18.59, p. 417. « ri 

t Frank I and, Phil. Trans. IR.V^ p. 4:^6, and Phil. Trans. 1859, p. 409 ; Diinhaapt, Anj-^ 
Pharm. xcii. 37lj Strecker, Ann. Ch. Pharm. xcll. 57 ; B u c k t o n. Phil, Trdns. 185^ P* 1®' 
1859, p 417. Frank land and Dup pa, Journ. of Chem. Soc. xvl. p. 415. 
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,r^rcuric methido, mercuric ethide and mercuric araylide arc colourless, ethereal, 
, fjle liquids, insoluble in water, but soluble in alcohol and ether, and possessing great 
T bility. They are in a state of maximum saturation, and cannot therefore unite with 
^ Votlier body without the displacement of an equivalent of positive radicle. Thus 
n-itli bromine, mercuric ethide gives bromide of ethyl and mercuric ethylobromide : 

^ Br* « Hg"(C“n-*)Br + C=TI*Br. 

Mercuric ethide. Men uric Bromide of 

ethylobromide. ctliyi. 

Mercuric mcthide possesses the highest specific gravity of any known non-metallic 
liquid (3 069). Flint-glass consequently floats upon its surface. Brought into contact 
with mercuric iodide, mercuric methide, mercuric ethido and mercuric amylide are 
coin'erted respectively into mercuric methiodide, mercuric ethiodido and mercuric 
iimyli‘^dide : 

Hg"(CH»)* + ng"P « 2[Hg"(CII’)I]. 

Mercuric Wcrciiric 

methide. mctldodide. 

The reaction with mercuric chloride is exactly analogous. The hydrates of mercuric 
inethoxide and mercuric ethoxide are caustic alkaline bases, capable of expelling am- 
monia from its salts, and behaving in a manner similar to the corresponebng monatomic 
oonipoiinds of tin and lead. The remaining mercury-coinpouiuls, which may bo eon- 
sidert'd as ih rivatives of these tw'o bodies, are represented in the above list by the 
indides and nitrates ; they generally crystallise very readily, and, with the exception of 
rhe haloid compounds, are soluble in water. The behaviour of mercuric metliidti, 
iihide and amylide in contact with zinc lias already been described as the basis of a 
iiji'tliod for procuring the zinc-compounds of the respective hydrocarbon radicles. When 
ili(> bromide, or chloride of an organo-inereurial body is treated with an organo- 

7 .iiu‘ compound, the negative element boeoincs rcplac<;d by the alcoliol-radiclo of the 
iiiiic'-coinpoaiid ; thus, wlien mercuric methiodide is tri'ated with zinc-methyl, mercuric 
mctliidi! is firoduced. And it is believed that by acting upon mercuric ethochloride 
with zinc-methyl, mercuric ethylometliide is formed: 

21llg"(CMP)Cl] + Zn"(OIP)* - 2rHg"(C^-IP)(CIP)] + Zn'CP, 

Mt ri-uric ethochloride. Ziiic-meihyl. Mercuric ethylomethide. 

but tliis body has not yet been obtained in a state of purity; distillation gradually re- 
solves it into mercuric methide and mercuric ethide : 


2[ng"(C'^II^)(CIP)] « Ilg'XCIP)* + ITg'XC^H*)’'. 

Mercuric cthylomethide. Mercuric Mercuric elhide. 

methide. 


Antiaiony Series.* — This important scries of organo-metallic bodies contains a 
grt'Mter number and variety of compounds than any other, with tho exception of the 
arsenic series. The remarkable polyatomic charticter of aiiLimony and arsenic not only 
rtuulers the possible number of their organo-compounds very largo, but tho variations in 
tlie jiroportions of tlie positive and negativo molecules gives an extremely wide range to 
tlioir cliemical cliaracter, extending, as it does, from liighly caustic bases on tho one 
hund to powerful bibtusic acids on thie other. The following are the principal compounds 
belonging to this series : 


Trimi'tliylstibino ......... 

Antimonic Trimethoxide 

Iodide of tetramothylstibonium or antimonic tetramothiodide 
Hydrate of tetrametbylstibonium or antimonic tetramethylhydrate 
Antimonic Trimethosulphate 

Antimonic Triamyluitrate ....... 


Sb'"(CH>)». 

Sb^(C}l=‘)»0. 

Sb-(CH»)^L 

ISb-(CII»)'(ITO). 

Sb-(CII>)»(.SCP)'; 

Sb-(CII®)«(NO»)2. 


It is remarkable that we have as yet no decisive evidence in this scries, of the cx- 
ij^tenco of a compound corresponding to cacodyl. It is true that such a body lias been 
<b‘8(*nbed under the name of but subsequent experiments have failed to con- 

fn‘m its existence. Amongst organo-antimony compounds, therefore, the most simple 
|brm is Sb"'R* + . Bodies of this form are the analogues of ammonia, and need not 
be Imre further noticed. The pentatomic organo-antimonial compounds of the form 

j B iHe true analogues of ammonium-compounds. 


t R* + 

The remaining compounds of this series are constructed upon the raodel , 

^^ hen two atoms of R— are replaced by diatomic oxygen, these compounds constitute 


Ch. Pharm. Ixxv. 315, 327; L,an dolt, iWd. Ixxviii. 91 ; B ucktou, Chem. Soc. 
J. xiu. 115. U ofman n. ibid, xi. 316. 
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what may be termed biacid antimony basies. They are formed either by the direct 
union of the stibamines Sb ^ B® + with oxyg^ : 

Sb"'|B+ +0 « Sb’l®!'*' 

or as hydrates by the decomposition of the corresponding haloi'd compounds by meane 
of potash : thus — 

2KH0 = + 2KC1. 

The stibamines, although in other respects the perfect analogues of the nitramines 
here evidently exhibit a much more highly iX)sitivo character, uniting with oxy^ren ^ 
energetically as to be spontaneously inflammable in the lower portion of the series. 

The biacid antimony bases are colourless, transparent, amorphous, and visoons 
bodies ; the ethyl base is easily soluble in water and alcohol, but somewhat less soluLle 
in ether. They possess a bitU*r taste, are non-volatile, and do not suffer any change 
when exposed to the air. Treated with potassium they are reduced to stibaminea ; 

+ 2K = 

Fuming nitric acid decomposes the biacid bases with i^ition ; but when they are 
treated with dilute nitric or other acid, the respeclive biacid salts are produced. The 
oxysalts are soluble in water or alcohol; most of them crystallise witliout much diffi- 
culty, as do also the antimonic biniodides ; but antimonic triethobromide and trietho- 
chloride are liquids not volatile without decomposition, insoluble in water, but soluble 
in alcohol and ether. 

The existence of antimonic tricthoxiodido has been proved by Strecker. It had 
previously been regarded by Merck as a protoiodide of stibethine (Sb(0*H®)''I). 


Ausenic SERiES.*“-This series is perhaps the most important and interesting 
amongst organo-metallic bodies; it contains the first discovered organo-motal, cacodyl, 
the classical investigation of which by Bunsen not only imparts a completeness to 
our knowledge of this series, but has afforded the clue to the successful inter|)r(‘tntion 
of many phenomena mot wth in other analogous families. It will be convenient to divido 
its very numerous members into three groups. 

A. Organo-arsenical compounds of the type | 

B. Organo-arscnical compounds of the typo As"'E®. 

C. Organo-arsenical compounds of the typo As^B®. 

All arsenical compounds permit of being arranged under these three types. The 
following aro a few of the principal bodies already investigated: 

A. Oigano-arsenical compounds of the typo aVJ^j 

Cacodyl A8®(CH®)* 

Ethylic cacodyl .... As*(C*H®)*. 


B. Organo-arsenicjil compounds of the typo Ab"B*. 

Chloride of cacodyl . . . A8'"(CH®)*C1 

Chloride of cacoplatyl . . A8'"(CIP)(CPt'"H)Cl 

Arsonious oxyrm^thido . . A8"'(CH*)0" 

Arsenious dichloromethide . As'"(CH*)Cl» 

Trimothylarsino . . , A8'"(CH*)*. 

C. Organo-arsenical compounds of the type As^B®. 

This group may be conveniently divided into four families or sub-types, idz. 


a. Bodiesof the form and their derivatives: 


Monomethyl-arsenic acid . 
Arsenic dxydichlormethide . 
Arsenic tetrachlormcthide . 


A8»(CH»)0''(H0)» 

As-(CH»)0"C1» 

Ab’(CH»)CI®. 


Bun^n Ann' Ch Pbyi. de Savants ftranR. HI. 633; ThCnard, Ann. Ch. 

M9- Caho^^n% 14; x»vi. 1; Frankland, Ch. Soe, 

main^Chem Ou Ann. Ch. Pharni. Ixxxlx.30l ; H®' 

inann, i.,iiein. Soc. Qu. J. xi. 316. B a ey r, Ann. Ch. Pharm. cvH. 257 ; ct. 265. 
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( Hi® •4- 

h. Bodies of the form As’ j ‘and their derivatives : 

Cacodylic acid . A8’(CH»)*0"(H0) 

Terchloride of cacodyl • . As’(CII®)*Cl*. 

(R*+ . 

c. Bodies of the form As’ , and their derivatives : 

Arsenic triethoxide A.s’(0'H®)’0" 

Arsenic triethosTilphnte .... As’(C2H»)»(.SO')" 

Arsenic triethochlorido .... As’CC‘TP)“Cl“. 

( T? 4 j, 

d. Bodies of the form As’ j _ 

Hydrated oxide of tetramethylarsonium or arsenic 

telriimetliydrnte A8’(CH®)^(nO) 

Iodide of tetramethylarsonium or arsenic tetrameth- 

iodide . . . . . . . . As’CGH’/L 

Nitrate of dimethyl-diethylarsonium or arsenic 

dimefhyl-diethylnitrate As’(CII»)2(CHI')2(NO»). 

The organo-arsenical compounds belonging to the type As*! ^2 contain only posi- 
tive radicles. They are volatile poisonoms liquids, insoluble in water, but very soluble 
in alcohol and ether, and possess an insupportable odour. The lower members of the 
family are spoil tnneously inflammable, whilst the higher ones also rapidly oxidise in air. 
They unite with negative elements with great energy, manifest ingin their combinations 
either a monatomic or a triatomic character, and producing bodies either of the form 

As'" I II ^ or As’jjla^. Thus cacodyl forms with chlorine, chloride of cacodyl 
and trichloride of cacodyl : 



Cacodyl. 


Cacodyl. 


Ul* 


Cl" 


2[As'"(CH3)2Cl]. 

Chloride of cac(idyl. 

2|;as’(ch’*)*cp]. 

Trichloride of cacodyl. 


Heated to 400®, cacodyl splits up into metallic arsenic, hydride of methyl, and olefiant 

As'^(ClP/ = As* + 2(CmH) + onv. 

Cacodyl. Hydride of methyl. Ethylene, 

bodies of tills typo can he regenerated by reducing agents from many of their mon- 
itonvic compounds ; thus chloride of cacodyl and metallic zinc give cacodyl and chloride 
ji zinc : 

^ Zn = Zn"CK 


Oj-g;ino-ars(!iiical compounds of the type As'"Ii* are of three forms, viz. : 


(1) As"TP + 


(2) As' 


A 11*1- 

JR-. 


(3) As' 


8'"!^ + 


Those belonging to the first are termed arsines, and are the analogues of ammonia; 
Jilt, like the corresponding antimony compounds, in addition to their alkaloid function, 
-hey have the power of combining with two negative atoms, forming bodies of the 

mb>typo As’!||g^. Thus triethylarsine combines with oxygen to form arsenic oxy- 

riethide. The lower members of the type posse.ss this property to such an extent as 
0 ri nder them spontaneously inflamnuiblo in the air. 

Compounds btdonging to the second of the above fornfS are produced by the direct 
‘onihinat ion of the cacodyls with negative elements. AV^hen the negative element is 
>-\vgen, the diatomic character of the latter doubles the type, which then becomes 

«/ j + 

oxides are bases of comparatively feeble power, slowly combining 

^'ith water and two additional atoms of oxygen, to form acids. Thus oxide of 
-iicodyl, by exposure to air and moisture, slowly passes into cacodylic acid : 


As-(CIP)«0" + O* + H*0 « 2As’(CH*)*0"(0II). 

Oxide of cacodyl. Cacodylic acid. 

The chlorine, bromine, and iodine compounds of the form we are now considering 
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are volatile neutral bodies, which may be regarded as the haloid salts of cacodjl 
Heated in contact with platinic chloride, the capodyl presents an interesting reaction- 
two atoms of hydrogen in the chloride of cacodyl become replaced by a diatonic 
molecule of platinum, producing chloride of cacoplatyl. 

fCH» fCH» 

As"MCH» -b Pt"CP « As"MCPt"H + 2HC1. 

I Cl I Cl 

Chloride of cacodyti Chloride of cacoplatyl. 


Cacoplatyl forms a series of compounds analogous to those of cacodyl. 

The only compounds of the third form yet known belong to the methylic group. 
Arsenious oxymethide is a crystalline body of a neutral character, soluble in water 
alcohol and ether, unchanged by exposure to air, but transformed by distillation with 
hydrate of potassium into arsenious acid and oxide of cacodyl : 


4As"'jCW ^ 2Kjo„ 
Arsenious oxymethide. 


As* 


O* 

OK 

OK 



Oxide of cacodyl. 


Hydrochloric acid converts it into arsenious dichlormethide : — 

As'" + 2HC1 = 

Arsenious oxymethide. Arsenious diclilormethide. 

Hydrobromic and hydriodic acids produce a perfectly analogous change, whilst sul- 
phuretted hydrogen transforms it into arsenious sulphomethide. 

The chlorine, bromine, and iodine compounds arc neutral bodies of considerable sta- 
bility; the two former are liquid, the latter solid and crystal lino. By the action of 

chlorine or oxidising agents, they are transformed into bodies of the form As^jj^^'*' 

Orgjino-arsenical compounds have been more thoroughly investigated in the direction 
of the typo As^K* than in any other ; consequently we find these bodies rather nu- 
merously represented, especially under the subtype which latter bodies are 

the strict analogues of tbe compounds of ammonium. 

The Sub’t^pe As’|^ 4 ^ has yet only been explored in the methylic group. The 

oxygen compound constitutes anhydrous monomcthyl-arsenic acid, a direct derivative 
from arsenious oxymethide ; 


As'"(CIP)0" + Ag*0" = As^(Cn*)d* -f 2Ag. 

. Arsenious oxymethide. Monomethylarsenic acid. 

This acid is dibasic, forming stable and well-defined crystallisable salts, the formulae 
of which are represented by tlie general expression: As^(CH*)0"(MO)*. 

^ The chlorine com{)Ound is exceedingly unstable ; it may however be formed at — 19® C., 
but IS transformed at 0® C. into arsenious cliloride and chloride of methyl: 

As^(CH»)CP =« As'Tl* -b CH*a. 

Arsenic tetrachlormethide. Chloride of methyl. 

iLrsenic oj^dichlormethide is a somewhat more stable body formed by the direct 
union of chlorine with arsenious oxymethide. 

As'"(CH»)0 -b Cl* A8^(CH*)0"C1* 

Arsenious oxymethide. Arsenic oxydichlormethide. 

Nevertheless, even this compound readily decomposes, with evolution of chloride of 
<R*-b 

As^jj^,__ The oxygen-compounds are feeble monobasic acids of which 
cacodylic acid may be regarded as the representative. They are derived from the 

... (R* + 

bodies A8*<K*-b by direct oxidation, as already described. Cacodylic acid is remark- 
able for its stability; neither fuming nitric acid nor a mixture of sulphuric and 
chromic acids attack it, even at the boiling point, and it may be heated to 200® with- 
out alteration, .^though it is soluble in water and contains upwards of 64 per^ cent 
of arsenic, yet it is not in the least poisonous. Several agents reduce caoodylm ^jcid 1® , 
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the arsenious or even to the diatomic form. Thus phosphorus acid transforms it into 

ciicodyl : 


/CIP 
CK« 
0 " 
Oil 

Cacodylic acid. 


2As’ 


fOH 

+ 3F'N0H 

(oh 


2As' 


,(CH« 


JCfl* + 

Cacodyl. 


2H*0 + 3P^ 


0" 

OH 
OH 
OH 

Phosphoric acid. 


Zinc also produces the same result. Hydriodic acid gas converts cacodylic acid into 
arsenious dimethiodide : 


As^ 


(CIP)* 

0" 

OH 


+ 


SHI 




I* + i2H»0. 


The acid character of this body is so slightly marked as to render it capable of 
forming compounds in which it appears to play the part of a base. Thus with hydro- 
fluoric, hydrochloric and hydrobromic acids, it forms the following compounds : 


As’ 


(CIP)» 

(HO)^ 

F 


As’ 


(CIP)* 

(HO)* 

Cl 


and 


As’- (HO)* 
Br 


Sulphocacodylic acid lias not yet been isolated, but its salts present the same rela- 
tions to those of cacodylic acid, as salts of sulphur-acids generally bear to those of oxy- 
acids. Their formula is, As’(CH'*)*S"(MS). 

( R* + 

Tlio Sub-type As’ j __ has hitherto been very little explored, but so far as it is 

known, its members bear so close a resemblance to their analogues in the antimony- 
series, as to require no further notice. 

TELr.uRiuM Series.* — T he close relations of tellurium to sulphur and selenium place 
tlio bo(li(!s of this series in the same position witli regard to the sulphides and selonides 
of the alcoliol-radicles as th<^ antimony and arsenic series stand in relation to the cor- 
responding compounds of phospliorus and nitrogen. 

The following are some of the chief bodies belonging to this scries: 


Tellurium-methyl 
Tellurous dimethoxide . 
Tellurous dicthiodido 
Tellurous diethosulphate 


Te(CH’)* 

Te(CH«y-'0'' 

Te(C*IT»)*P 

Te(C“H7''(S0‘)". 


The compounds of the alcohol -radicles with tellurium are volatile liquids of most 
unljcjirahle odour. They oxidise readily in contact with air, forming the respective 
oxides. Tellurium-amyl has not yet been obtained in a state of purity. 

The oxides of these bodies are powerful bases, expelling ammonia from its salts, and 
iittractiug carbonic acid from the .air. They form salts of considerable stability, which, 
as well as the oxides themselves, yield the original organo-tellurium compounds when 
treated with sulphurous acid : 

Te-po?)* + 

Tellurous Sulphurous Tellurium Sulphuric 

diethoxide. acid. ethyl. acid. 


Constitution of Organo-metallic Bodies. 

Organo-motallic bodies may bo regarded as constructed upon the types of the in- 
organic chlorides, sulphides, oxides, &c., of the respective metals which they contain, 
the chlorine, oxygen, sulphur, &c., being replaced in equivalent proportion and fre- 
quently sti'p by step by the alcohol-radicles. 

A reference to the formulae of organo-potassium, sodium, and lithium compounds 
*^hcn disentangled from that of the zinc-compound with which they have hitherto 
remained inseparately associated, shows that they are formed upon the monatomio 
type of the protochlorides, &c., of these metals', MCI. 

The zinc, cadmium, and mercury conip>ounds are all formed upon the diatomic type, 
represented by the chloride of zinc, Zii"Cl* 

In like manner organo-aluminium compounds are formed upon the type of the tri- 
chloride of that metal, A1'"C1®. 

^ O^ano-tin compounds are represented by the three chlorides of tin : Sn^Cl®, Sn^'Cl*, 

• WohUr, Ann. Ch. Pharm. xxxv. U2,lxxxW 69; Mallet, ibid. Ixxix. 393; WShler and 
Ueau, i6itf.xclli.233. 
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The compounds of the bismuth-series are represented hj the trichloride of bismuth 
and by bismuthic acid : Bi" Cl* and Bi’ | , 

Organo-lead compounds are arranged under the type of peroxide of lead : 

The arsenic and antimony series have for their types the following' inorganic 
compounds : 

Aa'”Cl« Sb^Cl* Sb’Cl'. 

The inorganic models for the tellurium series are chloride of tellurium and tellurons 
acid: To"CP and 

Occasionally an abnormal compound has made its appearance, such as ethostiliJic 
acid, SM(CTi^)*0“ or iodide of triethylstibine, Sb(C'‘'IP)“J ; but further research hau 
invariably demonstrated the incorrectness of siicli formulae and the conformity of tlie 
bodies with the normal inorganic types. Indeed this Jaw may now be regarded ns 
completely established so as to be applicable to the control of the formulae of new 
organo-metallic bodies. 

From the point of view thus afforded, it is interesting to watch the effect of the 
substitution in mehillic compounds, of basylous or positive for chlorous or negative 
radicles. Such a substitution affords striking evidence of the dependence of the 
chemical character of a compound upon that of each individual constituent. Tho 
highly polyatomic metals, such as arsenic and antimony, exhibit this dependence in tho 
most conclusive manner. Thus tribasic arsenic acid, by the substitution of metliyl f ip 
inilf lui atom of oxygon, yields the dibasic monometliyl-arsenic acid, a wcll-detined acid 
of considerable energy, though inferior in chlorous pow(‘r to arsenic acid. The like sub* 
stitution of a whole equivalent of oxygen by methyl reduces the chlorous character of 
tho body to the comparatively feeble condition in which wo find it in cacodylic add, 
which is incapable of forming an ammonia-salt. A similar substitution for the third 
time, overpowers the acid attribute of the compound altog(dlier, and we now liiive a 
feeble biacid base, the ars(‘nic oxytrimethide, wliich again, by the exchange of oxygm 
for a fourth atnrn of metliyl, is transformed into tho oxide of ttdTamothylarsonium, n 
base of such energy as to be comparable with the caustic alkalis themselves. 

The behaviour of the organo-inetallic bodies teaches a doctrine which affects 
chemical compounds in geiieral, and which may be called the doctrine of a to m i c s a t ii- 
ration. Each element is capable of combining with a certain limited mimber of atoms; 
and tliis number can never be exceeded, although tho energy of its affinities piay liave 
been increased by combination up to thi.s point. Thus zinc appears to attain its atomic 
saturation by uniting with two atoms of another body ; in other words it is diatomic; 
consequently tlio zinc compounds of the alcohol-radicdes, notwithstanding tlieir iuteiise 
affinities, are incapable of direct union with other bodies. The action of chlorous 
elements upon tliem is one of substitution, not of combination. Polyatomic metals ex- 
hibit the same phenomenon. An atom of tin cannot combino with more than four 
atoms, an atom of arsenic or antimony with moro than five atoms of other bodies ; but, 
in tlie combination of polyatomic metals, we frt'qucntly notice between tbe lowest and 
the highest compound one or more intermediate points of exalted stability ; thus anti- 
mony has a triatomic stage of comparative .stability ; nitrogen, phosphorus, and arsenic, 
whilst exhibiting a similar triatomic stage, have also a diatomic one, though of greatly 
inferior stability ; whilst the existence of nitrous oxide and of the organic compounds 
recently discovered by Griess renders it more than probable that nitrogen has a third 
and monatomic stage. 

In bodies possessing at least one stago of stjibility below saturation, and in which ftll 
the atoms united with the polyatomic element are of the same kind, the stiige of max- 
imum stability is very rarely that of saturation. Thus, in nitrogen, arsenic,, afld 
bismuth compounds of the kind just mentioned, tho .stage of maximum 8tabili%w 
decideiUy the triatomic one ; in antimonial compounds of a similar nature tho triato- 
mic is also, though less decidedly, tho stage of maximum .stability, whilst in phospho- 
rous compounds the points of maximum stability and of saturation generally coinoi^* 
When, however, tho atoms united with tho polyatomic element are not of the kind, 
then the stage of maximum stability usually coincides with that of saturation. IThus 
th(?^ oxide or dichloride of triethylarsine or triethylstibine are moro stable than trieth^l* 
arsing or triethylstibine themselves; but this penUitomic stability reaches its climax in 
nrsonium, stibonium, and phosphonium compounds, as it does also in the corres- 
ponding compounds of nitrogen, although the latter element exhibits a much stronger 
tendency towards universal triatomic stability than its chomical associates. 

In polyatomic organo-metallic bodies, it is remarkable that, with few exception^ 
the positive hydrocarbons hold their position much more tenaciously than the assp^ 
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ciatcd negative constituents; and we thus frequently find the former accompanying 
the nieUil through a vast number of compounds. Hence the group formed by the 
metal and positive hydrocarbons has come to bo regarded as a compound radicle. Thus 
caeodyl is conceived to be the radicle of the whole series of cacodyl compounds. But 
however great may be the convenience of this mode of viewing organo-metallic com- 
pounds, and the same mode has notoriously been extended to nearly all organic bodies, 
it must not bo forgotten that it is a purely artificial distinction, which has no rejil ex- 
jstonce, either in the case of organo-metallic bodies, or in that of organic bodies in 


general. 

A close examination of the habits of the so-called organo-metallic radicles shows 
clearly, that their atomic power depends upon their position with regard to the stages 
of stability and maximum saturation ; thus they are monatomic when the number of 
positive groups is one less than that required to reach either the maximum saturation 
of the metal, or a lower sUgo of stability. Cacodyl and tetramethylarsonium (the single 
atom), for instance, care monatomic radicles, because they are respectively one atom 
short of the stage of stiibility, and of maximum saturation : 


Monatomic stage. 
As 

Cacodyl. 


Stage of stability. 

(cn» 

As'XCIP 

(Cl 

Chloride of cacodyl. 


Stage of maximum saturation. 

1 (H» 

( 

CH3 

Cl 

Chloride of 
tetramctliylarsonium. 

It is obvious that a compound radicle, the number of whose positive atoms is below 
that of a stage of stability, can have a double atomic character. Thus cacodyl is 
sorm'tinies monatomic, as in oxide of cacodyl; and sometimes triatomic, as in cacodylic 
iii:id. Again arsenio-monometbyl (AsCH*) is diatomic in arsenious oxyinethide, 

( OH® - ( 

^ tetratomic in monomethylarsenic acid : As^ i O" 

l(OH)* E. F. 

OROAXruilX. See Mahjobam. 

OROPZOsr. Syn, with Rock-soap. 

ORPIMlSirT. Native trisulphide of arsenic (i. 387). 

ORSEIIilLZ:. Syn. with AiicuiL. 

ORSSUESZC ACID. Syn. with Orseljjnic Acid. 

ORSEEXiZC ACID. Stenliouse designated the acid obtained from South American 
Jioccdla, by maceration with milk of lime, &c., as o-orsellic, and that prepared in 
like manner from South African RocctUa as /8-orsellic acid. The former is very much 
like lecanoric acid (iii. .565), and perhaps identical with it. The latter is con- 
tained, together with roccellinin {q. v,) in the precipitate thrown down by hydio- 
chloric acid from the lime-extract of the Capo lichen ; on exhausting this precipitate 
repeatedly with water, the roccellinin remains undissolved, while the ;8-orsellic acid 
crystallises from the filtrate. It appears to be somewhat less soluble in boiling water 
than a-orsellic acid, and gives a black precipitate with acetate of lead. It has however 
the same composition as a-or.seIlifi and lecanoric acid, forms salts exactly resembling 
the latter, and behaves in the same manner with alcohol, alkalis, hypochlorites, &c. 
The two acids are therefore often regarded as identical. (See Gm. xii. 377 ; xvi. 294; 
Gerh. iii. 797.) 

ORSEEUirZC ACZD. C*H*0^ Orsellic add, Orsellesic add, (Stenhouso, 
f Ml. Trans. 1848, p. 66 ; Phil. M.ag. [3] xxxii. 300; Proc. Roy. Soc. xii. 263). — This 
acid is produced : 1, By boiling lecanoric, a-orsellic, or /Q-orsellic acid with water, 
alcohol, or alkalis; 

+ H*0 = 2C“H‘'0®. 

2. From eiythric acid (ei^thrin), simultaneously with picro-erythrin, when the barium- 
or calcium-salt of that acid is boiled with water : 

+ H*0 « + 2C 

JSrythric acid. Picrocrythriu. OrbcJliuic acid. 


Monatomic stage. 
fCIP 


As^ 


CH® 

011 “ 

CIP 


Tetramothyl- 

ursouiiini. 
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3. From eTemic acid, simultaneously with everninic 

CnjI'-O’ + II'-O « C»H'*0* + ‘-G«IPQt; 

Kvci nic .K id. Emijlinic add. Orce||iiidc acid. 

To prepare the acid, Iceanoric acid suspended in wat^r is carefully neutralised witl 
lime or baryta, and llio liquid is boiled, care being however taken not to continue th( 
boiling loo long, as otherwLse the orsellinic acid will be resolved into carbonic anhy 
dride and orein. The calcic or barytic orseliinate, being much more soluble thar 
the leciinorMte, dissolves in the liquid, and on adding hydrochloric acid to the solution! 
orsellinic leid is deposited as a gelatinous precipitate, which may bo purified by 
crystallisation from water or alcohol. ^ 

Ors(‘llinic acid forms colourless, prismatic crystals much more soluble in water and 
alcohol than h oanoric acid ; it is also soluble in ether. The aqueous solution has y 
slightly rough and bitter taste and reddens litmus. Wlien boiled for some time it 
gives off carbonic anhydride and leaves orein : C"IPO^ » C’lPO''* + CO'*. Cfdorideoj 
lime imparts to it a very fugitive red-brown or violet tint. With bromine it forms tri- 
bromorcin. (Hesse.) 

The orsellinates of the alkali-metals and alkaline oarth-metals are soluble in 
water; in presence of excess of base they are easily resolved into orcin and a ciir- 
bonate.— The barium-salt, is very soluble in water and in alcohol, and is 

deposited therefrom in four-sided prisms. It is obtained by adding caustic baryta to 
an alcoholic solution of orsellinic acid, keeping the acid in excess to avoid decompo- 
sition. The liquid is then concentrated to a syrup, the acid is saturated, and the liquid 
left to crystallise. 


ORSEXi3[iZSrXG ETHERS. These com pounds are produced by boiling lecanoric 
or erythric aind with the corresponding alcohols. 

1. Methylic Orseliinate, C"11‘®0« 0»H'(Cn»)0S crystallises from boiling 

water in silky needles, volatile without decomposition, more soluble than the ethylic 
ether, which it resembles in its cherincal characters. (Steniio use ) 

J Ethylic Orsidlinaie, -This comyxiund, called also 

Orsellic, Lecanoric, and Erythric eth^r, was discovered in 1830 by Heeren (Sc)iw. J. lix 
341) who called it psemlo-erythrin ; .and has been further examined by Liebig (pW 
Ann HI. 32), Knne (Phil. Trans. 1840, pp. 237, 279). Schunck (Ann. Ch. PharnI 
xli. 160, 1x1. 72), Rochlcder and Hfcldt. xlviii. 6), Stcnliouse (te. dll 
Streckor (Ann, Ch, I harm. Ixvni. Ill), and Hess e (ibid, cxvii. 297 ). It is obtained 
by prolonged boiling of an akoholic solution of kcanoric, o-orsellic, /8-orsellic, or 
orytlme arid, or by repeatedly exhausting /l<KceUa tinefom, or other colour-yielding 
liclions with boiling alcohol, cvapor.itir.g the united liquids to diyness, and boiling the 
residue with water. It separates from the aqueous or akoholic solution in crystidline 
seaks or needles, the mother-liquor retauiing a large quantity of orein: it may be 
punfled by r..crystaU,sation from boiling water. Another mode of preparing it is to 
pass hydrochloric acid gas iii e.xces8 into a warm saturated akoholic solution of 
leeanonc aeid, evaporate over the wau*r-bath to expel the greater part of tlie liydro- 

i'^"i'' is ti«‘« precipitated as 

a black sh-greoii resinous mass which may be purified as above 

eoM W» 't very thin laminm or needle.,, nearly insoluble in 

^“i ® ether, as well as in alkaline solntioiis, whence it is 

ft oufeklv tiiTOq°t*m" state. The aqueous solution is neutral to test-paper. 

so'irnnLZ ^ ^‘ssolved in a fixed alkali. The ammoniical 

Ethylic orseliinate dissolves in caustic alMi,, also, according to Hesse in hot 
Xrbod^Thh f/iZt'l ' • “ ^PTipitofed by acids in the crystalline state. 

The ether dissolves easily in strong .■nd.phuric acid, and is repreciDitated bv water in 

oxal c acid (behunck), and if the oxidation be carefully conducted, a ervstalHno bodv 
« likewiee formed, which melts at 60®, and appears to 0^8 “ c“h^O- Hes«{ 
f 7^- fo™ s,ibstitution.pXs. (Hesse!) ^ 

the aqueous solutions of mercuric chLidc, 
the heme acetate a copioue 

with the formula 80-6 per cent, lead-oxide, approxiiaately 
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Ethylic obtained by the action of chlorine on an 

rthercal aolntioti eti^jc ori^ellinate,^ crystallises in thin prisms, melts at 162°, and 
Llidifies at 159*5®. OTesa«.) ^ 

Kthdic DibromorSminflfte^ prepared in like manner, melts at 144®, 

solidifies neutral acetate of lead, a white precipitate containing 

^Mo2{sBr^Pb"0^. (Hesse, Stenhouse.) 

3, Amy lie Orscllinate, On boiling dried erythric acid with amylic alcohol for 
povoral hours, and removing the excess of alcoliol by distillation, tlie residue yielded on 
j^taiiding, a mass of lustrous flaky crystals contauiiiiated with resinous matter from 
which it could not be separated. (Stenhouse.) 

ORTKXTXJ- Allanite, Cerin , — A silicate of aluminium, iron, ccriuni, yttrium, &c., 
occurring in granite, gneiss, syenite and granular limestoiio, in Sweden, Norway, 
Ori'cnlaiid, the Ural, some parts of Germany, and several localities in the United States. 
The varieties containing yttrium wore formerly called orthite, the rest allanite, 
and tliose among the latter wliicliwere very rich in iron, were furthtn* distinguished as 
ccrin, but as these differences of composition arise merely from the mutual repla(‘ement 
of isoniorplious constituents, and have no effect on the crystalline form, they are now 
regarded as unessential, ami the name orthite is extended to the whole group. 

The crystals of orthite are monoclinic prisms, homa'omorplious with epidote. Katio 
of axes, a ; h c s= 0-56137 : 1 : 0*8902. Angle of inclined axes = 05° o'. The 
crystals are either long and slender, or flat tabular. Twins occur like those of epidote. 
Cleavage parallel to oP in traces. It occurs also massive and in grains. Hardness =» 

5 ;)— 6. 8peeific grimty ~ 3*3 -42. Lustre siibmetallic and pitchy or resinous, 
occasioniilly vitn'ous. Colour pitch-brown, brownish- black or yellowish. Siibtrans- 
liicent to opjupio. Fracture uneven or siibconcboidal. Jlrittle. lletbre the blowpipe 
most orthifes swell up and fuse, with ebullition, to dark-coloured tumelied glasses. 
'With lluxes they give the reactions of iron, manganese and silic’a. Most of them are 
decomposed by acids, forming a jolly ; some, however, resist tho action of acids alto- 
gether. 

Analyses: a. AlUmiic from Bygdin-Vand on Jotiinfjeld, Norway. Black: specific 
gravity = 3*53 — 3*54; pyrognomic (tliat i.s, exhibits incandescence when heated); 
di'corn posed by acids (ISchoerer, Dc foss ilium Allanite.^ Orthite^ Cerin, Gadolinitqxie^ 
dissi rtutio, Berol. 1849). — h. Allanite from Snarum in Norway. Brownish- black : 
.specific gravity 3*79: undecomposible by acids (Sclieeror). — o. Cerin from 
lliddarhyt tan, Sweden. Specific gravity 377 — 3*80. Undecomposible (Scheerer). — 
d. IJrayu/rthltc h'om Miask in tho Ural. Black: specific gravity =-■= 3*647. Docoin- 
posible (Ka mine Isb erg, MineraLchemie^ p. 747). — c. So-called (//7c. Specific 

gi'avity = 3*48 — 3*66 (II ermann, J. pr. Cliem. xxiii. 273 ; xliii. 35, 9!)).—;/’. From the 
Tljiiringerwald; jjartly crystullisod in tho form of epidote. Black, Specific gravity = 
3-79. U iidecomposiblo (Crediier, Pogg. Ann. Ixxix. 144). — g. From Wernhoim, 

Baden, in syenite*. Specific gravity 3*44 — 3*47. Undecomposible (Stifft, Ram- 

wdsherg's Mincralchcmie, p. 746). — h. Berks Co. Pennsylvania. Specific gravity 
3782. Hecomposiblo (G euth, J. pr. Clicm. Ixiv. 471). 



a. 

b. 

c. 

rf. 

e. 

/. 

K- 

h. 

Silic;i . , , , 

34*92 

34*88 

32*06 

34-08 

32*46 

37*.55 

32*79 

32-89 

Alumina 

15*90 

15 96 

6*49 

16*86 

18*09 

15*99 

14*67 

12*60 

ferric oxid« 

, , • 


25**26 

7*35 




7*33 

ferrous oxide 

14*98 

1.5*35 


7*90 

13*^ 

16*83 

1*4*71 

9-02 

Matiganou.s oxide 

Cernus oxide 

i-'il 

13*34 

l‘3*7'3 

2’3'80) 


6*77 

0*23 

3* 19] 


0 2.5 
15*67 

Oxides of lianthaiiuin 1 
and Didymium f 

5*80 

7*80 

2*45 J 

21*38 

9*76 

9*.^0 ) 

22*31 

10*10 

Yttria .... 






0*.5f> 

2*42 

, 

l.ime . . , , 

11*96 

1*1*50 

*8*08 

*9*28 

13*18 

13*60 

9-68 

7*12 

Magnesia 

0*9.1 

0*66 

l*i6 

0*i)5 

1*02 

0*22 

1**20 

1*77 

Water .... 

0*51 


(»*60 

1*3*2 

3*40 

1*80 

267 

2*49 


99*61 

W87 

99^99 

CuO 0M3 
99*& 

lOO-OO 

99*27' 

Na^O 0*34 
K-’O 0*41 
i’0l*2O 

0*09 

0*14 

99*3'7 


These analytical results may be represented by tho general formula 3M*SiO*.(Ar"; 
Fe"')<Si®0‘'^ (M" denoting diatomic iron, cerium, yttrium, calcium, &c.), both terms of 
which are orthosilicates. 

Aanthorthite is a yellowish yariety of orthite, of specific gravity 2*78 — 2 79, and 
containing much water. 

Vyrorthite is an impure variety from the neighbourhood of Fahlun in Sweden, con- 
taining bitumen. Berzelius found in it 10*43 silica, 3*59 alumina, 6*08 ferrous oxide, 
1’39 manganous oxide, 13*92 cc-rous oxide, 4*87 yttria, 1*81 lime, 26*50 water, 
and 31*41 carbon (by loss). It is probably the residue of decomposition of an orthite. 

^ogrationite from Achmatowsk, having the form of Bucklandite (epidote, ii, 490), 
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hawlness 6'5, and specific g^a^^ty 3*46, and containing 38’88 per cent, silica, 20*19 
alumina, 9*82 ferric oxide, 3*82 ferrous oxide, 8’60 protoxide of cerium, lanthanum 
and didymium, 17*37 lime, 1*98 magnesia, and 1*60 water (= 97*26), is composed 
according to Hermann (.Tahresb. 1862, p. 730), of 6 molecules of bucldandite 
(epidoto), and 1 molecule of uralorthite, crystallised together. 

A mineral called BmklandiU* from Laach in the Eitel, has been shown by v. Rath 
(Jahresb. 1863, p. 814) to have the form and composition of Orthite; it contains 31-83 
per cent, silica, 13*66 alumina, 17*95 ferrous oxide, 0*40 manganous oxide, 20*89 ceroua 
oxide, 11*46 lime, and 270 magnesia (= 98-89). 

A black- brown mineral resembling orthito, of specific gravity 3*44, and hardness 
between fluorspar and apatite, contains, according to Michaelson (Jahresb. 1863 
p. 815), 29-21 per cent, silica, 2-81 alumina, 6*42 ferric oxide, 6-44 zirconia, 4-27 
glucina, 9-79 cerous oxide, 15-60 oxld(!S of lanthanum and didymium, 1-63 yttria 
14-93 lime, 0*46 magnesia, 2-45 soda, and 5-50 water. ’ 


ORTBO-CARBOirATX: OP ETBTXi. {C2n^)<CO*. (H. Bassett, Chem. Soc 
J. xvii. 198.) — This ether is produced by the action of sodic ethylate on chloropicrin : 

CNO^Cl* + 4C»H*NaO = 3NaCl + NaNO- + (C-IP)«CO*. 

To prepare it 40 grms. of chloropicrin are heated with 300 grms. of absolute alcohol 
to the boiling point of the latter; 24 grms. of sodium are added l)y small portions; and 
as soon as the reaction is finished, the alcohol is distilled off and water added to tho 
residue. Ethylic orthocarbonate then rises to tho surface as an oil which must bo washed 
with water, dried by chloride of calcium, and purified }.>y fractional distillation. 

Ethylic ortho-carbonate has a peculiar aromatic odour, sp(!ciflc gravity = 0-025 
and boils at 168° -—150°. Vapour-density oba. = 6'80 ; calc. = 6-65, Jt is decom- 
posed by alcoholic potash at the boiling heat, yielding a considerable quantity of 
potassic carbonate. When digested for some hours with boric anhydride, it yields 
acid ethylic borate (i. 650) and diethylic carbonate : 

(C»H»)<CO^ + 2B'^0» « (C*H")2B«0' + (C2H^)2CO\ 

ORTBOCX.ASE, See Eelspar (ii. 619). 

OBTBO-a AXiTS. Tho prefixes orth) and meta have been introduced by 0 d 1 i n ^ 
to denote two classes of salts of the same acid, which differ from one anothor by onr 
OP more molecules of metallic oxide, M^O, ]\rO, &;c., the more basic salts being called 
ortho- and the less basic, meta-salts, as in the following examples : — 


Orthoborato of Sodium 
Metaborate . 

Difference 


Borates. 

Na®BO’ [ Orthoborate of Lead , 
NaBO* I Motaborato 

Na*0 ( Difference 


Orthocarbonato of Ethyl 
Metacarbonatc 

Difference 


Carbonates. 


. (C*H»)«CO« 


(C-‘H*)20 


Orthocarbonate of Calcium 
Metacarbonate 

Difference 


Bitrates. 



Difference . Hg'HO I Difference . 


Pb"7i’()‘ 

~2i“b''0 

d'a’CO' 

Ca"C0’ 

“c^o 

Cu*N*0* 

CuTJ’O* 


2Cu"0 


Orthonitrato of Bismuth 
Metanitrato 


Brno* » bT^n*o** 

Bi"'N»0» 


Orthophosphate of Sodium 
Metaphosphate . 

Difference 


Phosphates. 


Difference 


BEO* 


Na®PO* 

HaPO* 


Na^O 


Orthophosphate of Barium Ba"P*0" 
Metaphosphate . . Ba"P*0* 

Difference . 2 Ba ''0 


^ Cabbokates (L 778). Nitrates ( W . 82), Paosnum 


• TW. ,»». baring be«, applied both to orthlte and to a rarWp of op, dot. 1. bwt gira, np altogrtb-. 
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ORTSOSS. Syn. with Obtxioclass. 

OSB*AWr-OSS®XC ACZXIa , Syn. with Osmiamio Acid. 

OSMAZOMIS (from h<rfi4\ odour, and broth). A name applied byThenard 
to that port ion of the aqueous, extract of meat wliicli is soluble in alcohol and contains 
those constituents of the flesh which determine its taste and smell. 

OSMBRZTfi. Syn. with Pectolite. 

OSMIAlWtlC ACXn. H*0s’*N®0‘*. — This acid, discorered by Fritzsche and 
Struve (J. pr. Cliein. xli. 97), is produced by the action of ammonia on osmic tetroxido 
ill |)r(‘seuco of fixed bases. The potassium -salt, K'^Os-’N^Qs, is obtained by adding 
aiiioionifi to a hot solution of the tetroxide in excess of potash ; the deep orange 
colour of the li<]uid then changes to light yellow, and tho potassium-salt separates as 
a yellow crystalline powder, which may be piirifie'd by recrystallisation from the 
least j)ossible quantity of boiling water. The reaction is: 

60s0« + 8NH3 + 6KIIO =. SK^Os^ N-0» + + 16IPO. 

IMio potassium-salt may be converted into the silTor-salt by prc'ciiutation, and from 
tills the aqueous acid may be prepared by doeomposil ion with Jiydrochloric acid. It 
may be lo'pt for some days when dilute, but soon decomposes in tin; concentrated state. 
It is a strong acid, decomposing not only the carbonates but oven the clilorides of potas- 
sium and sodium. 

Osmlainic acid is dibasic, its salts having the composition M^Os‘N'0" = M‘0.0s'^N‘0‘*. 
Fri tzsche and Stru ve regard the anhydride Os“N“0< (not isolated) as a compound of 
OsNMvitli OsO‘, and call it osmau-osmicacicL Gerhardt (Compt. cliim. 1847, 
p. 301), who suggested the name osmiamic acid, supposes the salts to contain 1 at. 
oxygen more than in the formula above given, regarding therefore the hypothetical 
auliydride as Os-F-^0*, and ropresenting its formation (in tho salts) by tho equation 
2(.)s0‘ + 2NII® = Os'‘^N“0* + 3Tr*0; but Fritzsche and Struve’s formula agrees 
lost with tho composition and reactions of tlm salts. 

The osmiainates of tho alkali- and alkaline earth-metals are soluble in water; 
tlie lead, mercury, and silver salts are insoluble. 'IhQ ammoniuin-snlt, (NIF)*0.s*N'0^ 
forms large yellow crystals isomorphous witli those of tho potassium-salt, easily soluble 
ill water and alcolud, and detonating at 125'^. The bariiun-mH, Ba''0s“N“0'‘, crystal- 
lises ill yellow, sinning needles, moderately soluble in water and detonating at about 
150'^. , TIk? Imd-mlt, Pb"0s‘‘-’NH)M-’b-0 ?, obtained liy mixing an alcoholic solution 
of the potassium or ammonium salt, with nitrate of lead, is a yellow, crystalline precipi- 
tate wliicli becomes dark-coloured during wasliing. The mercuric mlt, obtained by 
(lecomjxisiiig the silver-salt with mercuric chloride, forms prismatic easily decomposiblo 
crystals. The mercurous-salt is a light yellow amorphous precipitate which volatilises 
quickly wlicn heated. 

The K’Os’N^O®, crystallises in yellow dimetric octahedrons with ter- 

minal angles of 106° 16' and lateral angles of 116° 6'. It is much less soluble in 
alcohol than in water, insoluble in ether ; may be heated to 180° without alteration, 
hut detonates at higher temperatures. Heated with hydrochloric acid and chloride of 
potassium, it gives off chlorino and is converted into potassio-osmioso-osmic chloride 
(chlorosmite of potassium) (Claus) : 

-h 4KCI -f- 18HC1 = 2(3KC1.0sCl») + 2NIIT1 + SH^O + Cl». 

The silver-salt, Ag®0.s*N*0®, obtained by precipitation , or by dissolving osmic tetroxido 
in an ammoniacal solution of the silver-salt and supersaturating with nitric acid, is a 
lemon-yellow crystalline powder, very slightly soluble in water and in cold nitric acid, 
easily soluble in ammonia. It blackens when exposed to light, detonates violently at 
80°, also by percussion, or when sulphydric acid gas is passed over it. 

The sodium-salt is very soluble and crystallises from a syrupy solution in rather 
largo prismatic hydrated crystals. 

The sine-salt is very soluble. 

An ammoniacal zinc-salt, 4NH*.Zn"Os*N®0*, separates on mixing an ammoniacal 
solution of osmic tetroxide with a zinc-salt, as a light yellow crystalline powder,' 
permanent in the air, easily decomposible by water, nearly insoluble in ammonia. 
Cadmium fonns a similar salt. 

08MZA2ICXBB. The name given by Fr 6 my to the compound N*H*(OsO®)", which 
ue .supposos to exist in combination with sal-ammoniac in the yellow substance produced 
by digesting osmite of potassium in a cold solution of sal-ammoniac (pp. 244, 246). 

0SMX0VS?(?Z1>.( Osmium, Oxides of (pp. 246, 246). 
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OSmzniXBZUlMC or Tho native alloy of iridium and osmium, occuirinc 

together with platinum, &c. in various localities. Its composition and properties hav^ 
been already given under IttmosMiNE (iii. 325), and several methods of decomposing it 
under Ibidium (iii. 314). The following are additional methods: — a. 90 grms. of the 
ore are mixed with 180 j^ms. saltpetre and 90 grms. caustic potash, and the mixture is 
exposed in separate portions to a strong red heat for an hour or an hour and a half in 
a large silver, crucible, placed within a hessian crucible containing magnesia, each 
melted portion being poured out into an iron dish and the still undeex)mposed residue 
heated twice or thrice more with the same quantity of flux, before a fresh portion of 
the original mixture is introduced into the crucible. The cooled and pulverised mass 
is then introduced into a vessel which can be closed, and briskly agitated for four 
hours in a dark place with 14 litres of distilled water, and the clear deep oratige- 
coloured solution (A) is decanted from the black sediment (H) which latter is washed 
with water in a funnel plugged with asbestos. The solution A smells slightly of osmic 
tetroxide, and contains free potash, nitrite, osmite, riitheniate and nitrate of potassium 
together with a small quantity of osmic tetroxide; no other platinum-metal. The 
residue ^ is a velvet-black, somewhat crystalline powder, consisting principally of 
indie oxide and acid iridiateof potassium, with jx>rtions of ruthenic sesquioxide osmic 
dioxide, ferric oxide, and traces of ctipric and palladic oxides, all soluble in acids ; also 
of a residue insoluble in acids consisting of oxides of iridium, platinum, and rhodium 
with a certain quantity of undecomposed ore. ’ 

^ To extract the ruthenium, 2? is fused a second time with the fluxes above men- 
tioned; the solution obtained by treating the fused mass with water is added to A; 
and the sUll undissolved residue to /?. The solution is next neutralised with very 
dilute nitric acid, Wliereby a black precipitate d is thrown down ; the clarifled solution 
a is decanted, and the precipitate consisting chiefly of osmic hydrate, Os0^2I1^0 
containing from 15 to 20 per cctit. ruthenic sesquioxide, is washed. To separate the 
metals, this precipitate is introduced into a large retort fitted with a luted and well- 
cooled receiver, together with 2 lbs. hydrochloric ami 3 lbs. nitric acid, and slowly and 
carefully distilled till the greater part of the acid has passed over, and the residue in 
the retort has become viscid. This residue consists chiefly of ruthenic tetrachloride, 
EuCl\ with a small quantity of trichloride. (For the met hod of obtaining the nietal 
from it, see Ruthenium.) 

The faintly yellowish solution a still contains oxides of rutlK'nium togetlier with a 
large quantity of osmic tetroxide. It is distilled with 2 lbs. of hydrochioric acid till 
b 11 the osmic tetroxide has pissed over, and the residue in the retort has become rose- 
coloured (from formation of red ruthenic chloride) ; the red liquid is concentrated ; the 
greater part of the potassic nitrate crystallised out ; the concentrated solution then 
evaporated to dryness ; the residue dissolved ; and t he ruthenium precipitated from the 
solution by sulpliide of ammonium, with addition of a little free acid. The osmic 
tetroxide obtained at the same time may be separated by fractional distillation ; or the 
^lution containing it, may be treated according to Fremy’s method (Ann. Ch. 
Phys. [3] xii. 521), by mixing it with caustic potash and a little alcohol, and adding 
pulverised sal-ammoniac. The greater part of the osmium is then thrown down in the 
form of a compouiKl of osmiamic acid with sal-ammoniac. 

j. powcU^r /i, which contains eonsidorable quantities of ruthenium and osmium, is 
distilled with excess of nitromuriatic acid till the whole of the osmic tetroxide has passed 
over; and the residual liquid is strongly concentrated and left to cool, whereupon it 
deposits the greater part of the iridium us black chloriridiate of pota.ssium, 

Tlie motherdiquor, after filtration, is mixed with a little sal-ammoniac to throw down 
• • j p JTidium ; filtered a.fter standing from the crystalline precipitate of chlor- 
irioiate of ammonium ; and the liquid is then mixed with a large quantity of powdered 
salpmraoniac. The resulting brown erystallinc mass, after washing with sal-ammoniac 
and weak spirit, yields ruthenium in th« form of the double salt, (NHM*Ru'"Cl‘. 
(Claus, N. Petersb. Acad. Bull. v. 453; .Tahresb. 1861, p. 322.) 

following method of treating Californian osrniridium, which contains a con- 
sidoRible proportion of ruthenium, is given by Gibbs (Sill. Am. J. [2] xxxi. 63). The 
ore IS first freed from silica and other impurities by fusion with 3 pts. dry carbonate of 
sodium, and subsequent hxiviation ; 1 pt. of it is then fused with 1 pt. cau&Iic potash and 
i saltpetre ; and the cooled mass broken into lumps is boiled with water containing 
js of Its bulk of strong alcohol, till completely disintegrated. The liquid together with 
the lighter particles of oxide is then decanted and the residue is again troatod with 
water and de^ntad after standing for some time. There is thus obtained a solution of 
r"i“".’ quantity of hlaok oxides (probably a mixture of EuO« Eu«0*, 

The latte, j coam heavy powder chiefly consisting of undecomposed ore. 

hydrate and nitrate of potassium, and the melted mass 
treated as above. The solution containing the potassic osmite and the salt# of lh» 
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is decanted froirf the deposited black oxides still containing osmium ; and 
these oxides, after washing with hot water and alcohol, aro introduced into a capacious 
retort provided with a safety-tube and connected with a tight-fitting cooled receiver, 
whicli again is connected by wide tubes with two or three Woulfe's bottles containing 
a strong solution of potash and a little alcohol. A large excess of strong hydrochloric 
acid is then cautiously poured through the safety-tube into the retort, and after the 
first violent action, which causes a part of the osmic tctroxide to distil over sponta- 
neously, is over, the distillation is continued at tho heat of a sand-bath till no more 
osniic tetroxide collects in the neck of the retort, and that which is previously condensed 
flows out in oily drops. At the end of the distillation tlie retort is. loft to cool; 
the receiver is disconnected from it and closed by a cork, and the osmic tetroxide is 
driven over by a moderate heat into the Woulfe’s bottles ; and the contents of these 
vessels arc mixed with the solution obtained by lixiviating the original fused mass. 
The liquid evaporated over the water-bath yields on cooling crystals of potassic osmite, 
Tho mother-liquor contains only traces of osmium and is worthless. 

The dark brown solution poured out from the retort is evaporated to dryness, the 
residue is rcdissolved in hot water ; the solution is evaporated again after addition of a 
little hydrochloric acid ; this process is repeated till the odour of osmic tetroxide is no 
longer perceptible ; and a cold saturated solution of chloride of potassium is then added, 
which dissolves the chlorides of iron and palladium, while pl.ntinum, iridiiiin, rhodiuin, 
and ruthenium remain as double salts insoluble in Ji strong solution of chloride of 
jK)tassiuru. Tho latter are well washed with a saturated solution of potassic chloride, 
which removes almost all the iron and palladium, and leaves tho double chlorides 
together with tlie insoluble impurities of t.he ore. 

OSHKZTOPSZS, OZZi OP« Osmitopsis aster iscoides^ an aromatic plant of tho 
composite order growing near Cape Town, yields an essential oil possessing tonic and 
aritispasmodic properti(\s. It is greenish-yellow, has a burning taste, and a pungent, 
not V(.*i*y agreeable odour recalling that of eamplior and oil of cajc*put. Specific gravity 
= ()'93l. It reduces anainmoniaeal solution of silver-nitrate on long boiling. When 
distilled, it begius k) boil at 130*^, and enters into regular ebullition between 176® and 
178®, two-thirds of tho oil passing over betw<‘en this point and 188®; the thermometer 
then continues t-o rise till it reaches 208®, and a small quantity of camphor sublimes 
oil the sides of the ve.ssel. Tho portion collected betw'een 178® and 182® contains 77*9 
per cent, carbon and 1T79 hydrogen, agreeing nearly with the formula 
according to wliich oil of osinitopsis is isomeric with boriieol (i. 626) and oil of cajeput 
(i. 712). 

OSHXZirM. Symbol Os. Atimiic weight 199. — A metal belonging to tho platinum 
group, discovered by Tennant (Phil. Trims. 1804, p. 411), and further examined by 
Berzelius (Pogg. Ann. xiii. 408; xv. 208 and 527), Fromy, Compt. rend, xxxviii. 
1008), Claus (Ann. Ch. Pharm. lix. 234; Ixiii. 341; N. Petersb. Acad. Bull, ii, 
158; iv. 153; vi. 145; Jahresb. 1860, p. 204; 1861, p. 320; 1863, p. 295), Deville 
and Be bray (Ann. Ch. Pharm. civ. 227; cxiv. 78; Ann. Ch. Phys. [3] Ivi. 385; 
Jahresb. 1857, p. 260, 1859, p. 231), and Gibbs (Sill. Am. J. xxix. 427 ; xxxi. 63; 
Jahresb. 1860, p. 217 ; 1861, p. 328). The name of the metal is derived from hcryd) 
(odour) on account of tho strong and peculiar odour of its highest oxide. 

Osmium occurs combined with iridium, forming tho alloy called osmiridium or 
iridosmine, in native platinum, partly in distinct white metal lie grains, partly intimately 
mixed or combined with tho platinum and other metals, and remaining in black scales 
when those metals aro dissolved in nitro-rauriatic acid ; osmiridium also occurs with 
chrome-iron in irite (iii, 325). 

The separation of osmium from iridium and the other metals with which it is 
associated, depends chiefly on its ready oxidation by nitric or nitro-muriatic acid, or by 
Ignition in air or oxygon-gas, and the volatility of tho oxide thus pi*oduced- The 
methods of eiFe>cting tho separation have been already described under Iuidium (iii, 
16, Nos. 1, 2, 4, 6, 7), and OsMininiuM (iv. 241). 

To obtain metallic osmium, the distilled osniic tetroxide is digested with hydro- 
eruoric acid and metallic mercury in a well-closed vessel at 140®. The osmium is 
reduced by the mercury, and an amalgam formed, which, when distilled in a retort through 
■which hydrogen is passed till all tho mercury and calomel are expelled, leaves osmium 
^8 a black powder without metallic lustre (Berzelius). Metallic osmium may also 
be obtained by digesting osmic tetroxide with hydrochloric acid and metallic zinc, 

( V a u q u e 1 i n), — or by passing the vapour of the tetroxide mixed with hydrogen through 
^ glass tube heated to redness for about an inch of its length, tho osmium being there 
deposited as a compact metallic ring (Berzelius), or by igniting a mixture of 
cnloro.STniate of ammonium with sal-ammoniac (B (? r z e 1 i u s). 

Ihe following is the method adopted by Devi lie and Debray. A very intimate 
Vou IV. ‘jt 
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mixture of opmiridium witli 6 J pts. barium^peroxid^ is .heated for an hour or two in i 
well-closed earthen crucible to the melting point of silver; the resulting black mas 
coarsely powdered is dreriched in a glass retort with a little water, and tlien with i 
mixture of 8 pts. hydrocliloric and 1 pt. owiinary nitric acid; the mixture is distilled ii 
a retort provided with a closely fitting and well cooled receiver containing aqueoa 
ammonia, as long as vapours of osniic tetroxide continue to pass over; the osniate o 
aramouium thus obtained is supersaturated with sulphydric acid ; the liquid containint 
the suspended sulphide of osmium is boiled for some time and filtered; and th( 
sulphide of osmium is dried at a regular temperature, as it might bike fire if too strong, 
ly heatc'd. ^J'he dried sulphide is then iiitroduc<'d into a crucible made of gas-coke 
polished on its inner surface, and fitted with a well-ground cover, and this crueiblfi 
placed within an earthen crucible containing sand and likewise well closed with a 
ground cover, is exposed for four or six hours to the melting heat of nickel. The sul- 
phide of osmium is thertjby reduced to the metallic state. 

Properties . — Tlie properties of metallic osmium vary according to the mode ol 
preparation. In the pulverulent state it is black, destitute of metallic lustre, which 
however it acquires by burnishing, and has, accor<ling to Ilcrzeliiis, a density of only 7; 
but in the compact state, as obtained by Berzelius’s method above described, it exhibits 
motallic lustre and a density of 10. When reduced by the wet wny it has a bluish tinge. It 
is malleable enough to bear rolling into thick plates, but is easily reduced to powder under 
the hammer (Berzelius). Devi lie and Debray, by the metliodjust described, 
obtained it in ea.sily divisible lumps having a bluish colour lighter than that of zinc. 
It may be reduced to a more compact state l)y heating it to tlio melting point of 
rhodium, when it attains a density of 21*8 to 21*4. When heated with 7 or 8 times 
its weight of zinc in a charcoal crucible to bright redness, it di.ssolv<is in the zinc, 
separates on slow cooling in the crystalline stfite, and remains after the zinc has been 
removed by hydrocliloric acid, u.s a very hard crystalline powder. If o.sinium be melted 
with zinc and the resulting alloy treated with hydrochloric acid, the whole of the 
osmium remains iindis.solvod as an arnorphons very inflammable powder; but if the 
zinc be expelled from the alloy by a strong heat, and the remaining osmium heated in 
a charcoal crucible before an oxy-hydrogen blowpipe capable of melting rhodium, tho 
osmium is obtained as a bluish metallic-shining mass, having tho density of 21 ‘4, hard 
enough to scratch glass, not however quite compact, but penetrated by cavities. At a 
still higher temperatur<\ capable of melting ruthenium and iridium and volatilising 
platinum, osmium likewise volatilises, but still does not melt; it is in fact tho most in- 
fiisilile of all inotabs. 

Osmium in the finely divided state is highly combustible : continuing to burn when 
set on fire till it is all volatili.sed as tetroxide. In this state also it is easily oxidised 
by nitric or nitro-mnriatic acid, b<‘ing converted into tetroxide. But after exposure to 
a red heat, it becomes much less combustible and is not oxidised by nitric or nitro- 
niuriatic acid (Berzelius). Osmium which has been heated to the melting point 
of rhodium does not give off any vapour of tetroxide when heated to the melting point 
of zinc, but takes fire at higher temperatures. (Dovillc and Debray.) 

OSMinMi CRXiOltZBSS OF. O.smium forms three chlorides having the 
formulie OsCr, 0.sCl*, and OsCB. A hexchloride OsCl® is also said by Berzelius to 
exi.st in certain double salts ; but its existence is not well established. Thefe is no 
chloride corresponding to the tetroxide. 

Bicbloride of Osmium or Osmlous Cblorlde. OsCl*.— When pulverised 
osmium IS heated in perfectly dry chlorine gas free from air, there is formed, first a blue- 
black sublimate of osniious chloride, then a red sublimate of o.smic chloride, OsCl*. (The 
green chloride mentioned by Berzelius is formed only when moisture is not com- 
pletely excluded.) 1 iie osmious chloride, which is produced in relatively small 
quantity, and is difficult to obtain pure, dissolves in water with dark violet-blue 
colour. A similar solution may be obtained by dissolving osmious hydrate in hydro- 
chlonc acid, or by the action of reducing agents (such as zinc, tannic acid, ferrocyanide 
of potassium, or alcohol) on a solution of the tri- or tetra- chloride ; but it is veiy 
unstable, oxidising as quickly as ferrous chloride, and changing in colour to dark red, 
and, ultimately to yellow. The addition of chloride of potassium renders it more stable* 
by forming a double salt. (Claus.) 

Trlotilorlde or Osmloso-oamlc Chloride. OsCl*.— This compound, which is 
also very unstable and cannot be obtained in the free state, is contained in the solution 
produced by dissolving the mixture of the di- and tri-chlorides resulting from the 
action of chlorine on pulverised osmium, in wat er. The solution has at first a chrome- 
gwen or blu^green colour, but soon becomes purple-violet, from formation of tri- 
cnlorido, and finally colourless, in consequence of the resolution of this compound io^ 
osniic tetroxide, hydrochloric acid, and a mixture of osmious and osmic oxides which 
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thrown down in the form of a black powder. The trichloride is sometimes also formed 
l,s tmttinga solution of the yellow tetrachloride with a large quantity of hydrochloric 
ai id, or by the action of sulphydric acid on a solution of osmic tetroxide containing a 
laigo quantity of hydrochloric acid. 

}>ot(mio-osinioHO’-o8mio chloride or Chlorosmite of Potassium^ K^OsCl" or SKCl.OsCl*, 
is produced, together with potassio-osmic chloride, when a mixture of pulverised osmium 
and cliloride of potassium is strongly ignited in chlorine gas. On dissolving the ignited 
imiss in water, and evaporating, the osmic salt crystallises out first, and afterwards 
the osniioso-osmic salt in small quantity. The latter is more easily obtained by the 
action of hydrochloric acid and chloride of potassium on osmiamato of potassium 
(p. 239) : a concentrated aqueous solution of osmic tfstroxide is mixed with caustic 
potash and ammonia, then saturated M'it.h dilute hydrocliloric before it turns yellow 
ainl deposits osmiainate of potassium and quickly ovapcjratcd to dryness over the 
water-bath ; and the residue is freed from sal-ammoniac and chloride of potjissium by 
cjm^ful washing with ice-cold water. 

The double chloride is tiuis obtained in dark red or red-brown crystals, 3KC1.0sCl*. 
3H'*0, which give off half their w'ater by effloresence in tlic air, becoming rose-red at 
the same time, and the whole between 160° and 180°. It dissolves easily, with deep 
cJi«rry-rcd colour in water and in alcohol, but is insoluble in ether; has a nauseous 
strongly astringent taste, and decomposes, especially w'hen heated, tiu*ning brown, and 
yit'lding a bhick oxychloride. The aqueous solut ion gives with potash^ ammonia^ or 
carbonate of potassium^ a brow'nish-red precipitate of hydrated osmioso-osinic oxide, 
wliich dissolves in ammonia, but only partially in potash (and is prccipatcd thereffoin 
at the boiling heat. The same solut ion gives witli nitrate of silver a dirty grey-brown 
prf'cipitate soluble in ammonia. Heated with tannic acid, or alcohol (with addition 
of liydrochloric acid) it is reduced to the blue dichloride. With sulphydric acid and 
!>el\>hi(l(' of ammorjum^ it yields brown-black aulpliido of osmium, insoluble in sulphide 
of ammonium. (Claus.) 

Aiumonio~osmiosO‘Osmic Chloride. SNU^ObOsCP. 311^0, rescmblos the potassium- 

Fiilt. 

Tetrachloride of Osmium or Osmio Clilorlde. OsCK — This is the red com- 
pound wliieh constitutes the principal part of the p)ro<iuct obtained by igniting osmium 
in rlilorine gas. It dissolves w'ith yellow colour in 'water an(l alcohol, and is decomposed 
quickly in dilute solution, morn slowly in prescuice of hydrochloric acid or metallic 
(!lilori(l(‘s, yielding a black precipitate of o.smic oxide and a solution of osmic tetroxido 
and liydrocliloric acid. 

Osiiii(! chloride unites with the chlorides of the alkal i -metals forming sfilts sometimes 
called chlorosmates. From the solutions of these salts, sul jdiydric acid and sulphide 
of ammumuiti slowly prec’ipif ate a yellow-brown sulphitlc insoluble in alkaline sulphides. 
hUrato of silver forms an olive-green; stanihuis chloride a V)r<»wii preedpitato. Tannic 
arid on healing produces a hliio colour, but no preeipitate; frrrocyanide of potassium y 
first a green, tlnui a Idini colour; iodide of poiassiuniy a deep purplo-red colour. Potash 
giv(\s a black, aimnonia a brown precipitate, slowly in tho cold, immediately on boiling. 
Metallic zinc and formate of sodium, throw down mtdallic osmium. ( B e r z cl i us. ) 

Ammonio-tjsmic Chloride or Chloros/uate of Ammonium, 2NlI*Ci.OsCP, is formed 
on mixing a solution of the sodium-salt w'ith sal-ammoniac, as a red-brown precipitate, 
and separates from the iiiotlier-liquor in black-brown octahedrons. It is even more 
decoiuposible than tho fiotassiurn-salt, and leaves w'ben ignited a residue of spongy 
osmium. (Claus.) 

Aryento-osmic Chloride. 2AgC1.0sGP. — Obtained as a dirty green precipitate on 
adding ammonia to the solution of the sodium-salt (Claus). In contact with ammonia 
It xa conv('rt<*d into a minium-red very unstable compound, Ag-OsCl“.2NH® soluble 
^th yellow colour in a large quantity of water (Eic hie r, Jahrosb. 1860, p. 216, Claus). 

J ho same compound is formed on adding nitrate or ammonio-chloride of silver to a 
solution of potassio-osmic chloride containing ammonia. (Eichler.) 

Potassio-osmic Chloride. K^OsCl* or 2KCl.OsCl*, is obtained by gently igniting 
a mixture of chloride of potassium and metallic osmium in a stream of chlorine 
(Berzelius), or by precipitating a solutiou of the sodium-salt with chloride of potas- 
sjum (Claus). It forms brown or minium-red octnhedroris, sparingly soluble in w*ater, 
iiisoluble in alcohol. Paper moistened with the aqueous solution acquires a blue colour 
ot removable by washing (Berzelius). The aqueous solution becomes greenish 

er a while, and black on boiling, the osmic chloride being decompoaed in the man- 
niT above mentioned. Potash decolorises tho solution, and on boiling throws down a 
_ue-blaek precipitate of osmic-hydrate. Dilute ammonia throws down a yellowish- 
which changes after a while into a brown ammoniacal compound, 
N'H»0.0* (Claus.) ^ ^ 

ichler (Jahresb. 1860, p. 214), by dissolving hypo-osmite of potassium, K*0.30s0* 

s 2 



214 OSMIUM: DETECTION AND ESTIMATION. 

(obtained by exposing an alcoholic solution of the osmite, K^O.Os^O* (p. 247), to snu 
shine), in cold liydrochloric acid, obtained a dark violet solution of potassio-osmic clilo 
ride, which was more readily deconriposible than the greenish-yellow solution of th( 
octahedral double salt above described, inasraiieh as it gave with j>otash an immcdiaU 
black precipitate of osniic oxide, a similar precipitate with a small quantity of ammonia 
also with phosfihate of sodium. By exposure to the air it was gradually converted int( 
the yellow solution of the octahedral salt. [ ? Did not this violet solution contaii 
osmious as well as osmie chloride.] 

Sodio-osniic chloride, 2NaC1.0fiCB, prepared by heating a mixture of sulpliide ol 
osmium and chloride of sodium in a current of moist chlorine, crystallises in orange- 
coloured rhombic prisms an inch long, easilj’^ soluble in water and in alcohol (Clan\' 

BesoWlorlde of Osmium. OsCl* ? — Not known in the free state, but said h\ 
Berzelius to be obtained, in combination with chloride of ammonium, when a sol- 
ution of osrnic tetroxide mixed with ammonia is treated with hydrochloric acid, mer- 
cury being also placed in contact with it. After a few days the liquid loses the odoui 
of osmic tetroxide, and leaves the double chloride on evaporation in brown dendritic 
crystals. 

08MZVM, DETECTZOB ABB ESTZMATZOB OF. All osmium-com- 
pounds, when boiled with an excess of nitric acid, give off the unpleasant pungent 
odour of o.smic tetroxide. By ignition in bydrogen gas, they are reduced to metallic 
osmium, which as well as the lower oxides, einits the same odour when heated in contact 
with the air. Those whieli contain iridium, however, offer greater resistance to the 
action of oxygen or oxidising agents than those which are free from that mtftal. Such 
compounds should first he reduced by bydrogen to the state of an alloy of osmium and 
iridium, in which state small quantities of osmium are more easily detected by oxi- 
dation. 

Bor the reactions of o.sraium salts in solution, see pp. 243, 216. 

QuantikUivc Kstmution and Siparatkm. O.smium is generally estimated in tho 
metallic state.^ The b<.‘st mode of separnting it from tho metals witli wliich it is usually 
accompanied, is to volatilise it in the form of osmie tetroxide — by distillation with 
nitromuriatic acid, if the compound be perfectly soluble therein, or by roasting in a 
stream of oxygen — receiving the vapours of osmic acid in a strcuig solution of potash; 
and to reduce the resulting salt, by the addition of a fi'W' drops of aleohol, t o osmite of 
potassium, which is insoluble in the alcoholic liquor. The osTtnt(! of potassium is tlicii 
digested in a cold solution of sal-ammoniaic, whereby the com})Oun(l ‘iNir'dlN’-^IBOeO* 
is produced, and tho osmium reduced to the meUillio .state by igniting this last-men- 
fioned compound in a current of hydrogen gas. (Fr^my.) 

Another mode of proceeding is to condense, the acid vapours evolv(*d by distilling a 
compound of o.sniium wdtli iiitro-muriatic acid in a well-cooled receiver, and precipitate 
the osnaium from the solution by metallic mercury. A precipitate is thereby obtained 
consisting of calomel, a pulvcnilent amalgam of osmium, and metallic mercui^ con- 
taining a very small quantity of osmium. This mixture is heated in a ghtss bulb 
through which a stri'ara of hydrogen is passed, whereupon tlie mercury and its chloride 
volatilise, and metallic osmium is left in the form of a black pow^ler. The liquid, how- 
ever, still retains a small quantity of osmium, which may be isolated by saturating 
with ammonia, evaporating to dryness, and calcining tho residue (Berzelius). The 
osmium may also be precipitated from the distilled licjuitl by sulphydric acid, the sol- 
ution, after complete saturation, being left for several days in a stoppered bottle, till 
tho sulphide of osmium is completely deposited. The sulphide is then washed, dried, 
and weighed; but as it is apt to retain moisture, and, moreover, oxidises to a certain 
exteut in the air, the method is not very exact. It is recommended, however, for the 
estimation of small quantities ot osmium, tho method of precipitation by mercury being 
better adapted for larger quantities. 

The most difficult of all compounds of osmium to decompose is. the native alloy of 
osmium and iridium, especially the pale variety. The diffieulty arises in a great mea- 
sure from the extreme hardness of the mineral The best method of disintegrating it 
is that given by Deyille and Deb ray, wdiich consists in igniting it with six times 
its weight of pure zinc, till the latter is completely volatilised. The osmiridium is 
t4ien left behind as a spongy mass, easily reduced to very fine powder. The decom- 
position may then be effected by igniting the pulverised mineral mixed with chloride 
of sodium in a stream of chlorine (Wohler); or by ignition with nitrate and 
hydrate of potassium (Claus); or with chlorate and hydrate of potassium (Fritzsche 
and Struve, J. pr. Chem. xxxvii. 483]; or with peroxide and nitoato of barin® 
(D e ville and Debray). See Ibidium (hi. 314) and Osmibidium (iv. 241). 

At(»nic weight of Osmium . — Berzelius determined the atomic weight of this metal by 
heating potassio-osmic chloride, 2KCl,OsCB, in a current of hydrogen, 1*3166 gw®* 
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the salt leaving 0’40l grm. KCl and 0*535 grm. osmium ; hence, if KCl « 174*5, we 
find Os =» 198*8. 

Diftorent numbers aro however obtained by comparing the original weiglitof the salt 
with that of the chloride of potassium left, or wit h tlie quantity of chlorine given off 
(0-3805 grm.), the result being in the Ibrmcr case, Os = 198-4 ; in the lattnr, Os = 
200*3 ‘2. 

Fremy (Ann. Cli. Phys. [3] xii. 361), from oxperimoiils with osrnic tetroxide, tho 
details of which have not been published, estimates the atomic weight of-osraium at 
1090. 

The numlicr 199 may therefore be regarded as very ni^ar the trutli.- 


OSMXtmCf OXXDSS OP. Five oxides of osmium .are known, namely OsO, 
Os'O-’, OsO', OsO^ OsO^- Tlio first three form salts witli aeitls ; the third appears also 
to act as a w'cak acid forming a potassium-salt ; the fourth is also a weak acid forming 
with bases a few salts called osmites. Tho tefroxidt*, OsO‘, is usually j-egarded as 
an acid and called osmie acid ; but its solutions in alkalis ai-o very unstable and do not 
yiehl deliiiito salts: hence it cannot bo regarded as a true acid oxides 

Protoxide, or Osmlous Oxide. OsO. — Obtained in tlic anhydrous stat e by ignit- 
ing osmious or potassio-osmions sulphite iji a str<‘am of carl)OJiic anhydride. A blue- 
Mack liydrate, probably OsH'O*, is produced by lieatiiig osmious sulphite wifli strong 
potash solution, ilia closed vessel. When recently pre-pared it forms wirli hydroclilorie 
acid a blue solution which however quickly boconu-.s violet, dark-r('<l, and finally yellow, 
oxidising in fact as quickly as a solution of a ferrous salt (Claus). Jd(T/.eliu,s by 
precipitating potassio-osmious chloride with potash, obtained a greet lisli-black hydrato 
which dissolved slowly in acids, forming green .solutions. 

(hmmt6 siUphifr, OsSO**, is obtained by mixing an aqueous solution ofthetetroxido 
with sulphurous acid. The liquid then turns yellow, red and fin, ally dec]) indigo-bluo, 
and when evaporated or lieated with sulphate or carbonate of sodium, deposits the 
salt as a blue jelly, which (‘asily oxidises wdiile moist, but, forms, when dry, a very stable 
powder of a dull black-blue colour. The salt is insoliilde in -w'ator, but dissolves ia 
hydrochloric jicid with indigo-hluo colour, and without evolution of sulphurous anhy- 
flriile. It is deeomjjosod by potash at tho boiling heat, and is resolved by hciit into 
sulphide of osmium, osmic tetroxide and sulphurous acid, the two latter of wliich how- 
ever easily n‘produ(?c the original salt. (Claus.) 

Potamo-osmions Sulphite. 3K-S0*,0sS0*.5H'0 or 1 0®.5TPO. — Potassio-osmic 

chloride heated witli aqueous sulphurous acid becomes colourless and deposits this salt 
as a white pulvc'rulent precipitate, wliich when dried forms a light crystalline powder 
having a tinge of rose-colour. Tt dissolve.s sliglitly in water, and has a scarcely per- 
ceptible lustre; decompo.ses at 180*^, assuming a dingy violet colour. (Claus, Ann. Ch. 
Thann. xiii. 3.'>5.) 

wlcul Osmious Sulphite with Chloride of Potassium. 6KC1.0sSO®.SO®. — Formed 
by treating the last-described .salt with hydrochloric acid. It is a brown-red crystalline 
anhydrous salt, veiy soluble and having a sharp taste. (Claus, Ann. Ch. Pharm. 
Ixvii. 375.) 

Sesquloxfde of Osmium, Os^O®, is obtained by heating either of the double 
salts of tho trichloride (p. 244) with carbonate of sodium in a stream of carbonic anhy- 
dride. It is a black powder insoluble in acids. The hydrate^ 0s*0*.3H-'0? obtained 
by precipitation, has a dirty brown-red colour, is soluble in acids, but does not yi(dd 
pure salts. 


Bioxlde, or Osmlo Oxide, 0.sO^ is obtained as a black insoluble powder, by 
heating pohissio-osmic chloride (p. 245) with carbonate of sodium in a stream of carbonic 
anhydride (Berzelius, Claus), or in copper-red metallic-shining lump.s, by heating 
the corro.qponding Ijydrate. Osmic hydrate^ OsO*.2H'-'0, is obtained by precipitating 
a solution of potassio-osmic chloride with potash, at the boiling heat (Berzelius, 
Claus), or in greater purity by mixing a solution of potassic osmite (K‘O.OsO*) with 
dilute nitric acid (Claus): 

20sO» « OsO* + OsO<. 

It is then precipitated as a black somewhat gummy powder, which dries up to lumps 
having a conchoidal fracture. It is sparingly soluble in acids, and when heated, de- 
composes with scintillation, giving off" osmic tetroxideand hydrogen, and leaving osmic 


208H<0* = OsO* + ObO^ + 4- 2H*0. 

HUS supposes that there is also another osmic hydrato, 080*.6H*0, which is soluble in 
peash, and is converted by heat into tho preceding hydrate. 

Ane anhydrous oxide and the hydrato are both insoluble in acids. An osmic sulphate 
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is said to be obtained by dissolving disulphide of osmium in cold dilute nitric acid; 
but the only well-defined osmic salts known are. the double salts of osmic chloride with 
the chlorides of the alkali-metals (p. 246). 

A compound of osmic oxide with potash, K*0.30s0* which may bo called Aypo, 
oamite of potassium, is obtained, according to Eichler (p. 246) by exposing a solution of 
osmic tetroxidi; mixed with alcohol and excess of potash to direct sunshine, and treat- 
ing the black precipitate which separates after a while with dilute nitric acid. 

Trlozide of OsmiuiD, OsmioruH Anhpdrids. OsO*. — This oxide is not known 
in the free state, but according to Malle tt (8ill. Am. J. [2] xxix. 49), when the 
mass obtain(^d by fusing platinum-residues with 3 pts. saltpetre is distilled with strong 
sulphuric acid, a mixture or compound of th(» trioxide with the tetroxide passes over 
at the beginning of the distillation, and conden.scs in yellow drops which slowly solidify 
to a mass resembling unbleached beeswax ; at a later stage of the process the tetroxide 
passes over pure. 

Os mites* — OsMO^ or M'-O.OsO^ — These are salts obtained by the action of re- 
ducing ag(mts on osmic tetroxide in presence of alkalis. 

Osmitfi of potassium, OsKO-.H-O, is obtained as a rose-coloured crystalline powder 
on adding a few drops of alcohol to a solution of the tetroxide in caustic potash (osmate 
of potassium) or in octalicdml crystals of considiTable siise, by mixing the same solu- 
tion with nitrite of potassium and leavijig it to evaporate slowly. It may also be 
formed by dissolring osmic oxide in the alkidine solution of the tetroxide. Itis soluble 
in water, insoluble in alcohol and ether, permanent in dry air, but changes into osmate 
under the influence of air and water. Chlorine converts it into osmic oxide and osimito 
of potassium. It is d(;compo8i‘d by acids, even by the weakest, osmic oxide being pre- 
cipitated and osmic tetroxide evolved. Sul^jhurons acid introduced into a solution of 
this salt, previously rendered alkaline, throws down a y('llow crystalline precipitate, 
containing a salt whoso acid is formed of osmium, oxygen, and su][)lmr. Chloride oj 
ammonium decomposes osmito of potaiSvSium, forming a nearly insoluble yellow salt, 
2NH^Cl.Os0‘''N‘H'‘. This compound, heated in a stream of hydrogen, giv(;s oflf ammonia 
and sal-ammoniac; and loaves metallic osmium. 

Osmite of sodium is prepared in the same manner as osmito of potassium, but does 
not crystallise so easily ; its solutions are rose-coloured. Osmite, of ammonium does not 
appear to exist ; the osmites of potassium and sodium are rapidly reduced by ammonia. 

Tetroxide of Osmium, commonly called Osmic add, OsOl — Tliis is tbe volatile 
strong-smelling compound produced w'hen osmium or either of its lower oxides is 
heated in the air or treated with nitric or nitro-muriatic acid. The best mode of obtaining 
it pure, according to Claus, is to rectify the distillate obtained by treating finely 
divided osmiridium with nitro-muriatic acid, using good means of condensation, satur- 
ate the first third of the new distillate with potasfi, and distil a third time. Pure 
tetroxide of osmium then collects in the receiver, partly in concentrated solution, partly 
in large beautiful crystals. Its vapour has an intolerably pungent odour, attacks tlio 
eyes strongly and painfully, and is excessively poisonous. As an antidote to its poison- 
ous action Claus recommends the inhalation of sulpbydric acid gas. Its taste is acrid 
and burning, but not acid. It softeim like wax by the heat of the hand, melts to a 
colourless liquid coiisidembly below 1 00^, and boils at a temperature a little above its 
melting point. It is dissolved slowly but in consid(Table quantity by water ; the solu- 
tion has no acid reaction. It is dissolved also in alcohol and ether, but the solutions are 
apt to decompose spontaneously, depositing metallic osmium. It is a powerful oxidising 
agent., decolorising hidigo-solution, separating iodine from iodidr of potassium, convert- 
ing alcohol into aldehyde and ac.etic acid, and the carbohydrates into oxalic and 
carbonic acids. Ammonia decomposes it in tho manner shown by the equation : 

30s0' + 4NH» = 30s()2 + 

If tho ammonia is in excess, it forms a base with the osmic oxide thus produced : 

30s0< -I- lONH* = SN^IPOsO* + + 6H*0. 

If potash is likewise present, osmiamate of potassium is formed: 

60s0« -h 8NH» ^ 6KHO = 3KW0s*0» + W + 

Osmic tetroxide dissolves in alkalis, forming yellow or red solutions, which are in- 
odorous in the cold, but when evaporated by heat, give off the tetroxide and leave solid 
residues, regarded by Berzelius, who however did not analyse them, as os mates (*. f- 
compounds of the tetroxide with alkaline oxides). But, according to Claus, a solution of 
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tho tetroxide in strong caustic potash, gives oif when heated the greater part of the 
Mroxide, while the remainder is resolved into free oxygon and osniito of potassium, 
OsKO* or K^O.OsO*. A moderately strong aqueous solution of osinic tetroxide poured 
upon solid hydrate of potassium, becomes heated and forms, without evolution of oxygen, 
a blood-red solution containing nothing but osmite of potassium. (Claus.) 

OSMXUMy SVXiPBZSXiS OF. Osmium burns in siilphur>vapoup. Five sul- 
phides of osmium are said to exist, analc^ous to the oxides, the; first four being producQjJ 
by decomposing the coiTcsppnding chlorides with siilphydrie acid, and the tetrasulphido 
by passing sulphydric acid gas into a solution of the tetroxide. It is a sulphur-acid 
perfectly soluble in water, whereas the others aro sulphur-liases, slightly soluble in 
water, and forming deep yellow solutions (Berzelius'). According to Claus (Jahrosb. 
1H;')9, p. 264), a pure solution of osmic tetroxide yields with sulphuric acid a precipitate 
containing less sulphur than tho tetrasulphide, ()sO‘ ; but the latter maybe obtained 
pure by pnwiously acidulating the solution of the tetroxide with hydrochloric acid, 
which does not reduce it. 

OSMZinnK-BASSS, AMMOUTZACAXi. a. Oamio-huxhydnc dioxUdinitride^ 

OsN^> 

NWOsO^ = — This suhstarice is obtained in combination with 1 at. water 

(N'‘H"OsO’ = N-^lPOsO'^.TT^O), by-^ the action of ammonia in excess on ammonio- orpo- 
tassio-osmic chloride, or more easily by ho*atingan iupieous solution of the tetroxide with 
ammonia (p. 240). It is a brown-black Uisteless powder, which (lecomposes with scin- 
tillation when lieatcd, dissolves in potash, less easily in ammonia, and slowly in acids. 
The potash-solution when heated gives off ammonia and deposits (ammoniacal) osmic 
hydrate. The acid solutions are red-lirown, leave when eva|»oratpd uncry-stalli sable 
basic salts, only partially soluble in water, and yield with potash or ammonia a pre- 
cipitate of the unaltered base. 1'he chloride wdiieli remains on evaporating the solution 
of the base in liydrochlorie acid, is a brown-black britth^ mass only partially soluble in 
water and probably consisting of N-IPOsCl-.A’ir^O. (Claus, Jabresb. 1863, p. 303.) 

jS. Freiny (Ann. Ch. Pliys. [3] xii. 221), by adding a cold solution of potassic 
osmite to a solution of sal-amm()nia<*, obtained a yellow crystalline precipitate contain- 
ing, ficcoivling to hia analysis, Is’^H'-OsO-Cl'**, and rt'gardinl })y him as a compound of 
Kill-ammoniac with osmiamidc, 2NH'C1, N-IPOsO-. Aecordingto Gibbs and Gcnth 
(Sill. A in. J. [2] XXV. 248), it forms a doiible salt with platinic chloride, and when 
treated with various silver-salts, yields com'sponding oxy-salt,s which are orange-yellow, 
nciU’ly insoluble in cold water, more soluble in hot water, forming solutions which aro 
easily decomposed, with evolutiou of osmic tetroxide. According to Clans, Fri^my’s 
compound probably consists of N'^lPOsCl.H-O, inasmuch as it closely resembles the 
ruthenium-compound of analogous coniyiosition (see Kuthknium). The corresponding 
sulphate treat ikI with baryta-water yields a very unstable solution of a base which 
Claus supposes to contain osmious oxide. 

08M0SS. See Liquids, Osmosis of (iii. 718). 

OSSBZXr. Syn. with Bone-cartilagis (i. 619). 

OSTBOBZTB. A tricalcic phosphate, Ca^P'O®, found near Hnnau, also at Ambcrg 
in tho Erzgebirge. A specimen from the latter locality analysed by Gorup-Besanez 
(Ann. Cli. Pharra. Ixxxix. 221) gave 42’00 percent, phosphoric, anhydride, 48T6 lime, 
4 97 silica, 1’56 ferric oxide, 0*76 magnesia, 0 04 potash, 0*02 soda, 2‘21 carbonic 
anhydride, and 1'31 water ( = 101 *02). It is probably an apatite which has lost its 
fluorine and chlorine. It has a compact texture, like lithographic stone, or else is 
earthy and adheres to the tongue. Specific gravity «=* 2' 89. (Bromeis, Ann. Ch. 
Fliarm. Ixxix. 1.) 

OSTBAXO'ZTB. A greyish-brown zircon from Brevig in Norway. 

OSTREOCOKBA. A name of earthy limestone. 

OTKYE (contraction of Ox-ethyl), The name given by Williamson to the 
acid radicle C'^IPO, commonly called acetyl, (See Nomenclature, p. 132.) 

OTOBA-FATa Obtained from the fruit of Myristica otoba. It is nearly colour- 
less, buttery, smells like nutmegs when fresh, disagreeably in the melted state. Melts 
at 35°. Contains myristin, olein, and otobite. (Uricoechca, Ann. Ch. Pharm. xci. 
369.) j * > \ 

Otohite.---'Wheti otoba-fat is saponified and the soap is treated with alcoholic acetate 
cf magnesium, a precipitate is formed containing otobite and myristic acid; and on 
dissolving out the latter with alcohol, the otobite remains and may be purified by re- 
<^i78talli8ation from hot alcohol or ether. It forms large colourless prisms having a 
glassy lustre, tasteless and inodorous, melting at 133®, and solidifying in the crystalline,. 
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or if more strongly heated, in tho amorphous It is not volatile, but creeps jm 

the sides of the tube when heated. Contains on the average 73-02 C, 6-40 H, and 20*68 
O, agreeing nearly with the fonnula (Uricoechea.) 

OTTREDbXTB. A silicate of micaceous structure occurring at Ottrez, near Stavelot 
on the borders of Belgium and Luxembourg, in small shining scales or plates dissem- 
inated through tlio gangiie. Specific gravity = 4*4. Scratches glass with difficulty 
lias a hlaekieli, greenish -grey or black colour, and pale green streak. Before the blow- 
p^|^e it fuseeT with difficulty to a black magnetic globule, and gives with fluxes tlie pp. 
actions of iron and manganese. Corilains 43-34 per cent, silica, 24-63 alumina, 16-72 
ferrous oxide, 8-18 manganous oxide, and 5*66 water ( = 98-68) agreeing appruxi- 

mately witli the formula 3(Fe; Miiy'SiO*.ABSi*0'® 

Phi/lUte (q, t'.) from Sterling, Massachussett^*, is regarded by Dana as identical with 
ottrolite, but the analyses of the two minerals differ considerably. 

OUVAl^OVZTE. Lime-chromo garnet from Bisserak in the Ural. (See Garnet 
ii. 772.) 


OWAXiA or Opoc?iala. A leguminous plant growing on the Gaboon and near Fer- 
nando Po, the seeds of which yield a fat oil. (Arnaudon, J. Pharm. [31 xxxvii 
404.) 

OWEirZTE. Thuringito from the Potomac. (See Thurinoith.) 

((C«2TT«y' 

OXABEXrZZBZBE. = Wi (C-O*)".— A substance obtained by 

heating oxalate of benzidine, -- 211^0 = It is pul- 

verulent, quite insoluble in wuter, alcohol, ether, dilute acids, and alkalis, and is re- 
solved by strong potash into oxalic acid and benzidine. (Borodin e, Zeitschr. Ch 
Pharm. 1860, p. ,033.) 

OXACAZiCZTB. Native oxalate of calcium (p. 2,0,0). 

OXACBTZC ACXB. Syn. with Gja-collic Acid. 

OXAZiACBTXC ACZB« A name applied by Dumas and Pi via (Aim.'Ch. Pliys. 
[3] V. 353) to tartaric acid, from a peculiar view which they hold of its constitution. 
OXAZiAXr. Syn. with Oxaluu amide (q. v.). 

03KAXiAl>flrxxw« C'*TI^N‘'0®. (Limpricht, Ann. Ch. Pharm. cxi. 133.) — A body 
produced by tho action of nascent hydrogen on parahanic acid: 

2C3H‘-N=0» + H* = C^H^N^OMl^O; 

Parabanic acid. Oxnlautin. 


it is related to parabanic acid in the same manner as alloxantin to alloxan 

CH^N^O^ 

D is obtained in the form of a zinc-compound by tho action of zinc and hydrochloric 
acid on parabanic acid ; on treating the crystalline powder thus produced w-itli sul- 
pliydric acid, and evaporating tlie flltrate, oxalantin is obtained in hard white crusts 
having when dried at lOO^, the composition C®lPN^O^^K). It is sparingly soluble in 
water, nearly insoluble in alcohol and ether; the aqueous solution has a slight acid re- 
action. It is not oxidised by nitric acid or peroxide of load at tho boiling heat, but 
when its aqueous solution is heated with mercuric oxide or silver-nitrate and ammonia 
1 * ^ * reduction takes place immediately. Oxalantin dissolves easily in alkalis and 
alkuBne carbonates, wdth effervescence in the latter case. Tho solutions when evapo* 
rated appear to contain oxaluric acid. 


OXAUC ACXB. C*II^O* c= 1 0®. Oxalsdure, Klecsdure. Sauerhleesawre. 

KoUi^e Sdure. Addeox(diqm, Acide carboneux,-^T\\\^ acid, the first of the series of 
dibasic ^ids, C“H “ , including malonic, succinic, pimelic acid, &c. (i..62), was first 

obtained by S a vary in 1773, and Wioglerin 1779, in the form of a sublimate and an 
aqueous distillate, by heating salt of sorreL Scheele first prepared it from salt of 
^rrol by means of basic acetate of lead, and showed that the acid thus obtained was 
Identical with the previously prepared from sugar and nitric acid, and 

investigated by Bergman. Its composition waa established by Dulonc. Dober- 
^ner,i and Berzelius. (For the literature relating to it, see GmdirC 9 Handbook 

.V occu™ ve^ frequently in living plants ; as a potassimn-*,# 

m vmons apples of Bumex and Oxali»; as a sodium-salt fn most spemes of SalMi 
^ SalKomm, planta growing in salt-marshes ; as a caleium-salt in a great number of 
pants, in the root, bark, leaves, &c., being often found in tho cells in the form of 



OXALIC ACID. 


249 


small crystals, the so-callcd ra^A/rftf^ > lM[any lichens are very rich in oxalate of cal- 
cium. Ferrous oxalate occurs in deposita of lignite. The free acid (hydric oxalate) is 
found in Bolcius igniarius, and, according to some statements, in the juice of the chick- 
pea. Oxalate of cMleiuin is also of frequent occnrr€>nce in tlie animal body, being found 
jn urine, urinary deposits, and calculi ; in the allantoic liquid of the cow ; jn the mucus 
of the gall-bladder of men, oxen, dogs, rabbits, and pikes ; and in the MaJpighian ves- 
sels of the caterpillar of Sphinx ConvolvidL 
Formation. — 1. Oxalic acid is a very frequent product of the oxidation osf other of^ 
panic compounds, being in fact the mo.st highly oxidised of all carbon>^Qipound8 
except carbonic anhydride. Somo compounds, namely alcohol glycol 

and glycollic acid are converted into oxalic acid l)y a comparatively simple 

proceH.s of oxidation; but in most case.s the reaction is more complex, resulting in a 
complete breaking up of tho molecule. In this manner oxalic acid is produced in 
great abundance from the more liiglily carbonised organic substance-s, such as the car- 
bohydrates, sugar, starch, ^ cellulose, &c.; a. by the action of nitric acid; jS. by fusion 
with caustic alkalis. It is also produced in considerable quantity by tho action of 
moist chlorine or chlorine- water on uric acid. — 2. As an ammonium-salt, together with 
other products, in the decomposition of cyanogen by water : 

C*N2 + 4H20 = C'^(NI1^)20*. 

3. As a potas.sium-salt by heating potassic formate with excess of potassic hydrate, tho 
action being attended with evolution of hydrogen : 

2CTrKO* = + ii* 

4. It is also found among the secondary products obtiiined in tho preparation of potas- 
sium by heating potas.sic carbonate with charcoal. 

Preparation. — 1. Prom Acid Oxalate of Potassium (salt of sorrel) by precipitating the 
solution of the salt with acetate of lead, and decomposing the precipitated oxalate of 
load with sulphuric or sulphydric acid. Thi.s is the oldest mode of preparation, but it 
has given place to the following more productive methods. 

2. From Suaar. — 1 pt. of loaf-sugar is heated with S })ts. of nitric acid of specific 
gravity 1-38 ultirnatcdy to the boiling point, and the solution is evaporated down to 
oiui-sixth; it tlu'ii on cooling deposits white crystals of oxalic acid. It is important in 
this process to use, a sufficient quantity of nitric acid, as the mother-liquor then ciys- 
tallises in the form of oxalic acid, down to the ]a.st drop ; but if less nitric acid has 
heen added, saccharic acid and other intermediate products remain in the mother- 
liquor, w^hich tlien becomes yellow and brown on evapoj ation. I'lie crystals of oxalic 
acid may he purified from adhtiring mother-liquor by recrystallising them from water 
containing a little nitric acid, then draining them on a funnel, washing with a little 
cold w’ater, and drying between bibulous paper at a medium temperature. Oxalic 
acid prepared with nitric acid is ofttui contaminated with the latter, which may however 
he ri'moved by allowing tlie cry.stal.s to effloresce in warm air, then recrystallising from 
hot water, again leaving tliein to effloresce, and recrystallising. (Berzelius.) 

Moist sugar, treacle, starch-sugar or starch may also be used instead of loaf-sugar for 
the preparation of oxalic acid. The nitrous fumes evolved in the process may bo util- 
ised for tlie manufacture of sulphuric acid ; or they may he reconverted into nitric acid 
by the action of air and water. (Fora de.scription of the manufacture of oxalic acid on 
tho large scale, and of several patented processes for utilising the nitrous fumes, see 
Ure's Dictionary of Arts ^ tf'c*. iv. 367. Bicha/rdson and WattFs Chemical Technology. 
vel. i. pt. 6.) 

^^''rom Starchy CeUidoseand other Organic substances by fnsionwith alkaline hydrates. 
—Wlien 100 pts. of starch, sawdust, straw, hay, bran, tobacco-cuttings, &c., is mixed 
with a solution of about 300 pts. hydrate of potassium, the liquid evaporattd, and the 
D'sidue heated to 200° — 250° for four or five hours, a quantity of oxalic acid is obtained 
aniounting to between 100 and 160 pts. of tho crystallised acid. When soda is used 
instead of potash, the product is much less; but with a mixture of 1 pt. hydrate of 
^lum to 2 pts. hydrate of potassium, it is somewhat greater than with potash alone 
(Possoz, Compt. rend, xlvii. 207, 648). A process founded on this reaction has been 
patented by Messrs. Jloberts Dale and Pritchard of IV^anchester, who prepare 
oxalic acid on a considerable scale by heating saw'dust with a mixture of potassic and 
w^dic hydrates. On treating the product with a small quantity of water, sodic oxalate 
Hloiio remmns nndissolved. This salt is converted into calcic oxalate by treatment 
^ °I calcium ; the calcic oxalate is decomposed by dilute sulphuric acid ; 

crystallise from the filtrate by cooling. {^Chemical Techno- 

— Oxalic acid crystalli.ses easily in large transparent colourless crystals, 
ntainmg 2 at. water ; C®H®0 ‘.211*0. They belong to the monocUnic system, u^uulljf 
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exhibitinff the combination ooP. oP. + Poo . — Poo . [Poo ]. Ratio of axes, a \h'.Q 
-= 0-590 : 1 : 1 969. Angle b \ c - 73^ 48'; ooP : oeP 116° 62'; oop : + 

» 117° 2' ; — Poo : oP = 129° 20'; — Poo : + Poo =» 127° 16'; + Pq^ . 

oP « 103° 24'; coP: [Poo] = 140° 19'. The crystals are UHually prismatically eW 

gated in the direction of the orthodiagonal. (Brooke, Ann. Phil. xxii. 19 .— Dp 
P rovostaye, Ann. Ch. Phys. [3] iv. 453 — Rammclsb erg, Pogg. Ann. xciii. 24.) 

Oxalic acid is very soluble in water and in aleofiol, dissolving in 15*5 pts. water at 
10°, in 9-5 pts. at 13-9° and in a very small quantity at 100° (Turner), The solution 
is strongly acid and very poisonous, reddens litmus, and decomposes carbonates with 
effervescence. Oxalic acid contaminated with nitric acid dissolvt's in 2 pts. of cold 
water (Berzelius). (See further Storor’s Dictionary of Soluhi/itirs, p. 419.) , 

Crystallised oxalic acid melts at about 98° in its water of crystallisation; on con- 
tinued heating, part of it sublimes as dry oxalic acid, while the greater part 

suffers decomposition. It also gradually gives off* its w-ater over oil of vitriol at 20° 
being completely dehydrated in the course of a few weeks (Erdmann, J. pr. Chem! 
Ixxxr. 213). Accordingto Bd<leker (Jahresb. 18G0, p. 17), tiio specific gravity of the 
crystallised acid is 1-63 ; of the sublimed acid 2-0. The acid dried at 100'^ suljlirnes 
at 165° in slender white needles, part of it however being decomposed, and in greater 
proportion as the temperature is higher. 

Decompositions. — 1. Oxalic acid is resoh’ed by heat into carbonic anhydride and 
formic acid, part of the latter being further resolved into carbonic oxide and water: 

C"H‘*0^ = CO* + ClPO* 

OH'O* = CO* + CO + IPO. 

The same decomposition takes place when the acid is lieated with platimim-spovqe^ 
pumice or sand. Wlien oxalic acid is heated witli an equal w'cight iA glycerin^ decom- 
position takes place at ai)out 100 \ carbonic anhydride Ix ing evolved, and the residue, 
probably a com[)ound of formic acid with glycerin, yiehls formic acid by distillation 
with water (ii. 686). 

2. Oxalic acid heated with dt hydraiing substances, such as concentrated sulphuric 
OTP phosphoric acid^ is resolved into w'ater and equal volumes of cjirbonic oxide and car- 
bonic anhydride : 

C‘*’TPO« - IPO -I- CO + CO*. 

3. An analogous doconq^osition is produced by pentachloride of phosphorus, flio 
products being carbonic oxide, carbojiic anhydride, hydrochloric acid and oxychloride 
of phosphorus : 

C*H*0< -h PCB - CO CO* + 2HCI + TOCW 
As this and the preceding reaction, when applied tooting dibasic acids, yield the cor- 
responding anliydridcs (i. 52), and as moreover the reaction with pentachloride of 
phosphorus takes place in exactly tlic same inauner when the two bodies are brought 
together in strongly cool'd etli(*r or sulphide of carbon (K <‘kii]c), it apfx'ars probable 
that the anhydride of oxalic acid, is unable to exist under any conditions that we 
are able to command. 

4. Trichlhride of phosphorus acts on the dry acid in the same manner as the 
pentachloride ; with crystallised oxalic acid, howt^ver, it yields crystallisablcphosphorous 
acid (Hurtzig and trouther, Ann, Ch. Pharm. cxi. 170): 

C*H*0‘.21P0 + PCP = CO + CO* + 3HC1 -i- PH*0®. 

6. Oxalic acid is not readily attacked by nitric acid ; it may indeed be crystallispd 
from hot nitric acid; by continued boiling therewith however it is slowly oxidised, 
yielding water and carbonic anhydride. 

6. By other oxidising agents, oxalic acid is easily resolved into carbonic anhydride 
and water. Thus it is oxidised slowly by theo.ry/ycw of the air in presence of platinum 
black; quickly by peroxide of had or peroxide of manganese in presence of an acid : 

C*H*0« + MnO* + IPSO* = 2CO* + 2H‘0 + MnSO*. 

On this reaction is founded a convenient method of valuation of commercial oxide of 
manganese (iii. 814). When tln'se peroxides act on aqueous oxalic acid, the products 
are carbonic anhydride and a metallic oxalate, e. g, 

2C*H-'0* + MnO = 2CO* -f- H-'O + C*MnO*. 

When 4 pts. of dried oxalic acid are triturated with 21 pts. peroxide of lead, the mass 
becomes incandescent. Oxalic acid is likewise rapidly oxidised by potash 
ganate, chromic acid and vanadic acid. 

7. Chlorine does not act on dry oxalic acid; but in presence of water, decomposition 
quickly takes place, thus : 

C*JPO* + 01* » 200* + 2HC1. 

A similar reaction is produced by bromine, hypochloroua acid, and tlie 
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3 ^Ic metals. Honce oxalic acid pMcipitatea metallic gold from auric chloride, espe- 
Mlv on boiling ; also metallic platinum from chloride, but only under the 

[nflueuce of direct sunshine. W i th mercuric chloride, oxalate of ammonium quickly forms 
Tuprcnrous chloride. i 

8 rotassium and sodium heated with di^ oxalic acid, decompose it with incandescence, 
charcoal being separated and hydrogen evolved. 

9 When oxalic acid is heated with excess of potassic or baryiic hydratCt hydrogen 
is evolved and a carbonate is formed e.g. 

C2H*0* + 2KHO =* 2KHCO» + H*. 


10. Nascent kydrogm, evolved by tho action of sodiiim-amalgnm on water, or of 
on dilute sulphuric acid, converts oxalic into glyoxylic acid: C*IPO< ■¥ II* 
1, (Church, ii. 922.) 

Oxalates* Oxalic acid is dibasic, yielding with monatomic met als, neutral salts 
/•nnfainintr C“M*0*, and acid salts C*HMO*. With potn,ssmm and cmmoniiim it like- 
wise fornis hyper-acid salts, e. g. C*IIKO^C*H‘0*, or C^H®KO". With most diatomic 
metals it forin.s only one .salt; with barium and strontium, however, it forms acid salts 
analogous to the liypenicid oxalates of the alkali-metals. It also forms numerous well- 
orvstailised double salts. It is one of the strongest acids, decomposing dry chloride 
of sodium w'hen heated, with evolution of hydrochloric ueid, and converting chloride 
or nitrate of sodium in aqueoiw solution into acid oxalate. 

The oxalates of tliei alkali-metals are soluble in water, tho rest are for the most part 
iiis(»liil)le in water, but soluble in dilute acids. 

All oxalatc.s are decomposed by hat. The oxalates of tlie alkali-metals, and also of 
the alkaline earth-metals, if not too .strongly heated, give off carbonic oxide, and 
leave (’iubonates, while the oxalat<'S of those metals wdiose carbonates are decomposed 
hy h('at (zinc and magnesium for example) give off carbonic oxide and carbonic 
anlivdride and leave metallic oxides. The oxalat«*s of the more easily reducible 
metals (silver, copper, <Scc.) give otT carbonic anhydride and leave ihe metal ; the Icad- 
.salt leaves suboxidc of lead, and give-s off* 3 vol. carbonic anhydride^ to 1 vol, carbonic 
oxide : 

2CWO< = Pb"0 + 3CX)2 + CO. 


Oxalates heated witli sulphuric acid give off* carbonic oxide and carbonic anhydride, 
and leave a residue of sulphate. In this case, as well as in tin* (lecomposition by heat 
alone, no separation of cai’boii takes place, and consequently tho residue docs not 
blacken ; this character distinguishes tho oxalates from the salts of all other carbon- 
acids. 

Oxalic acid and the soluble oxalabiS give with chloride of calcium a procipitato of 
calcic oxalate, insoluble in water and in acetic acid, but soluble in hydroebloric and 
nitric acid. This redaction alfords a very delicate test for tlie presence of oxalic acid: 
tlu! insolubility of the pnjcipitatcd oxalate in acetic acid distinguishes it at once from 
tho phos[)]iato. 

Precipitation with soluble calcium- .salts serves also for the quantitative estimation of 
oxalic acid, the procipitato being converted at a low red heat into carbonate C-Ca"0*, 
100 pts. of which are equivalent to 128 pts. calcic oxalate C^Ca'O*, 90 pts. dry oxalic 
acid or 126 pts. of tlio crystallised acid C'H“Ol2lI-(). Tho carbon and 

hydrogen in oxalates may also be estimated by combustion w'itli oxide of copper. 

Tho composition and properties of the oxalatc.s have been made the subject of 
numerous researches, especially by Berzeliu.s, and more recently by Rammelsberg 
(Pogg. Arm. xciii. 24) and Souchay and Lenssen (Ann. Ch. Pharm. xeix. 31; 

1108; cii. ?,5 and 41 ; ciii. 308; cv. 246; Jahresb. 1866, 416 ; 1867, p. 289; 1858, 
p. 213). 

Oxalate of Aluminium. — A solution of alumina in oxalic acid leaves on eva- 
poration an amorphous transparent ma.«is, which has a sweetish astringent taste, reddens 
litmus, deliquesces in the air, and swells up when heated. 


Sodio-aliminio Oxalate, A'l’K)*.2Na’'O.4C’OM0H’O or ® ) loMOH’O, is pro- 

J 

duced when an excess of basic sulphate of aluminium (obtained by precipitating alum 
^th excess of sodic carbonate) is boiled for a long time with a solution containing 
1 at. sodic carbonate to 3 at. oxalie acid. The liquid if left to itself, for some months de- 
posits the double salt in rhombic crystals, permanent in the air, and sparingly soluble 
pi water with separation of alumina or basic salt. (Lenssen and Lowenthal, 
J pr. Chem. Ixxxvi. 314.) 


Oxalates of Ammonium. — o. A7«tt<m/sa/<,C*(Nir*)*0*.H*0.— -This salt lias been 
found in guano. It is obtained by saturating oxalic acid with ammonia or its carbo- 
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four faces *1* boinjl present at each end. One of the faces iPeo and the adjaw 
face 2 P 00 are usually of krger dimensions than the posterior faces at the same m 
TOor.a>vcr the ciTStals are often flattened, two of the prismatic faces ooP then dis, 
ZX (Dc la Provostaye, Ann. Ch. Phys. [3] iv. d-ll.-Brooke. Ann. PI 
xxii 374). The crystals effloresce in warm air. giving off 1 at. water. They dissol 
in 3 pts. of cold water, but according to Ileintz (J. pr. Chem. Ixxxvii. 309) a 
much le^ss soluble in water containing aminoiiiacal salts, so that the salt is prodpitat 
from .*1 moderately strong solution on addition of chloride or acctute of ammouiu 
The salt is decomposed by di^ distillation, yit^lding oxamido and other products. 

Acid Oxalate, Di-oxalate, ori)V-o.r«/rt*', C=^H(N IT Prod need by mixing t 
solution of the neutral-salt with oxalic acid, or with any other acid, such as sulphur 
hydrochloric, or nitric. It ci^stallist's in rhombic prisms, iisu.-illy exhibiting the eoi 
bination ooP : foo . f 2 . Poo , with the terminal faces oP, ooP(» and exPeo . J{.,| 
of axes a: bi c — 0*4 533 : 1 : 0*5593. Angle ooP : ooPoo =114° 23' ; Poo : o? 
150° 4^; ODpoo : ooP == 155° 37'; oP : « = 90°; oP : ooPoo = 90°; Pac 

ooto) - 119° 13'; oP : f® = 129° 1'; I‘2 : 1'® = 131° 42'; P2 : oP = 140“ 1 
This salt ha.s an acid rcaction.and is less soluble in water than the neutral oxalate, 
is resolved by heat into oxamide and oxamic acid. 

Hyperacid Oxalate, Tetroxalate or Quadroxalate, C-H(NH^)O‘.C2n'‘O*.2TP0 
C*H®(NH^)OMI“0. — Obt aim'd by crystallising a mixture of equal parts of the precmlii 
salt a^nd oxahe acid. It crystallises in triclinic pri.srns i-sornorplious with the hype 
acid potassium -salt, and liaving a specific gravity of 1*607 (8chiff). The crysin 
effloresce at 100° giving off IS*-! per cent. = 2 at. water. They are very soluble : 
warm water. 

Oxalate of Antimony, Sb^OlC^O®. 2H'^0 or 2[C»Sb'"H»0»2 Sb^O^J.SH^O : 


^LSb’H* 



•3H*0. — This salt is prepared by boiling antimonious chloride or tl 


oxychloride (algaroth-powdor) with oxalic acid (P61igot), or by mixing a saturatf 
aqueous solution of oxalic acid with a solution of trichloride of antimony in hydrochlor 
acid (Souchayand Lens son); it then separates in the course of 24 hours :i.s 
granular precipitate. It gives off 1 at. water at 100° and begins to decompose at 220 
f S ou c h ay and L e n s s e n, ) 

Ammonio-antimonic Oxalate. C®Sb'"(NH^)®0‘*.2TPO. — Obtained by mixing 

solution of antimonioa.s oxides in acid oxalate of ammonium, first with a small qnHntit 
of absolute alcohol (wliidi throw.s down acid oxnlate of ammonium), tlien, after filtei 
ing, with about three times its volume of absolute alcohol (Souch:iy and Lenssen 
It forms rhombic prisms exhibiting the combiuationoP . P , 2P , ool^oo . Axes a\b’. 
ssr 0*3716; 1 : 0*5305. (liammelsberg.) 

Potassio-antimonic Oxalate. C^SI)'"K®0’* GH’O. — Obtained by dissolving aiitina 
nious oxide in a hot concentrated solution of acid oxalate of potassium. The filtr;it( 
as it cools, deposits nodular crystals of the salt, which dissolve without deconiposi 
tion in water, but are decomposed b^ mineral acids, with separation of oxalic aci' 
or of ba.sic oxalate of antimony. Gives off 3 at. water at 100° (S ouch ay an' 
Lens sen). Acconling to Rammelsberg, the salt prepared as above forms monoclini 
crystals containing 2C"Sb"K*0'’*.3H‘''0. Ordinary combination ooP . ooPoo . oP 
[ ooPoo ]. Ratio of axes, a: b c i = 1*2364 : 1 : 0*5472. Angle of inclined axes = 
69° 36 ; ooP : ooP in the cl i nodiagonal principal section = 105 40'; [Poo ] : [P«l 
in the same =» 134° 56'; oP : ooP = 106° 8' (Rammelsberg). On dissolvini 
this salt in water, part of it decomposes, with separation of oxide of antimony, whil 
the rest dissolves without alteration, and separates after awhile in large crystal 
containing 2C“Sb"'K*0'* OH^O. These crystals are rhombic, generally exhibiting th* 
combination ooP . Poo . f*oo . ooPoo . Ratio of axes, a i b: c = 0*6903 : 1 : 1*14163 
Angle ooP : ooP = 67° 40'; foo : Poo (basal) = 97° 48'; Poo ; Poo (basal) » 
119° 23'. The mother-liquor of this salt deposits, besides acid and hyperacid oxalah 
of potassium, a few crystals of a double salt belonging to the ^^riclinic system. (Ba®‘ 
melsberg.) 

^ Sodio-antimonic Oxalate. C®Sb'"Na*O>%C*Na®O‘.10H*O. — Prepared like the potfts- 
eiiim-salt. Forms distinct highly lustrous crystals, which give off half their watei 
when heated for some time to 100°. Dissolves without decomposition in water eithei 
hot or cold, but is decomposed by mineral acids. Sparingly soluble in alcohol, insolubw 
in ether. (Souchay and Lenssen.) 
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OXA.I-AT 15 S of Ahsenio. Potassio^arsmiotis oxalate ^ SH'-'O ? — 

T)> osited in small hard glassy crystals from a hot solution of arseniou 8 oxide in aqueous 
oxidate of potassium. (S o u c h ay and L e n s s e n.) 

^Oxalates OF Barium. The neutral salt, C*Ba"0*.2H®0, is precipitated as a 
hite powder on mixing oxalic acid with excess of baryta-water, or by precipitating 
The neutral potassium-salt with chloride of barium. It dissolves in 2,590 pts. of cold, 
ml 2 oOO pts. of hot water, more readily in solution of sal-ammoniac, still more in water 
cVntaining acetic acid, and most readily in aqueous oxalic acid. At 100® it gives olF 
1 at. water, and is reduced to C^Ba"0®.H*0, which is also the composition of the salt 
obtained by precipitating a solution of chloride of barium with oxalate of ammonia, at 
the boiling heat. 

An acid oxalatCy C^H*Ba"0^4H*0, is deposited in pointed crystals on mixing 
iioiirly equal quantities of the saturated solutions of oxalic acid and cliloride of 
btirittm. The crystals dissolve in 336 pts. of water at 16’6®, forming an acid solu- 
tion; they are decomposed by hot water, converted into the normal oxalate by saline 
solutions, and arc not altered by alcohol or ether (Clapton, Chem. Soc. Q.u. J. v. 
223 ). According to Souchay and Lenssen, they contain only half the water required 
by the formula above given, half of this water going off at 100°, the rest at 146®, and 
oxalic acid beginning to volatilise at the same time. The crystals require 392 pts. of 
water at 17® to dissolve thorn, and are decompo.sed by hot water, with formation of tho 
iii iitriil Siilt ; alcohol likewise throws down the neutral salt from the aqueous solution 
of the acid salt. 


Oxalates of Bismuth. C*Bi*0'* 15TI*0. — The neutral-salt separates as a 
wliito crystalline precipitate on mixing nitrate of bismuth with excess of oxalic acid. 
Hft.'diis 2 at. water at 100°, but dccompo.se.s at higher teinperatiircs into siiboxide of 
jiismiitli (lli'O*) and acid oxalate of bismuth. It is insoluble in water, soluble in acids, 
and decomposes by prolonged contact with water into oxalic acid which dissolves and 
a basic oxalate of bisumth. (Souchay and Lensson.) 

'Basic oxalate. TIio neutral oxalato boiled with w'ater yields a salt having tho com- 
posilioii 2(Bi®0*.C^0‘^).3IP0 (Ileintz). Souchay and Lenssen, by boiling the recently 
pn'( i{)itii(()cl normal oxalate w'ith water till the liquid no longer became acid, obtained 
a salt wliicli gave by analysis 72*39 p)er cent, oxide, agreeing with tlio formula Bi^O®, 

C'0''.2H®0 or 2(C®Bi'"IP0**.Bi'^0’).3IP0 (requiring 72*05 per cent. BiO®) bettor than 
will) lleinfz’s formula, which requires 73*5 per cent. According to the latter formula 
the salt is analogoius to the oxalate of antimony above described. 

Oxalate of Bisyauth and Ammonium. C*Bi"'(NH'‘)®0'®.60*’(NTT^)*OM2H®0. — 
rrysfaHiscs from a hot saturated solution of oxalate of bismuth in oxalato of ammonia, 
ill .small prismatic crystals which give off the whole of their water (13*98 per cent.) at 
100°. Dissolves readily in hot water, forming a clear solution wliich becomes turbid 
nfter a few secoiid.s, .ami deposits oxalate of bi.smuth a.s a crystalline powder. It is in- 
soluble ill alcoliol and etlier. (.Souchay and Lenssen.) 

Oxalate of Bismuth and Potassium. C“Bi"'K®0'’'^.2C-K‘0*.12n’-0. — Prepared like 
the pr<'fe(liiig, and separates in small prismatic crystals which aro insoluble in alcohol 
and ctlier, and are decomposed by water. Tlie mother-liquor deposits a salt contain- 
ing C''‘lji"'K^O'2.4C“K”0'.12H^O. (Souchay and Lenssen.) 

Oxalate of Cadmium. C^Cd"0‘*.3IFO. — Tho anhydrous salt i.s obtained as a white 
aniorjdious powder by digt'sting carbonate of cadmium with oxalic acid. Oxalic acid 
or oxalate of ammonia added to chloride of cadmium throws down the tri-hydr.ated 
us a wliito pr<‘cipitato consisting of micro.scopic tabular crystals, soluble in 
l3,0/)() pts. of cold and 11,000 pts. of boiling water, a little more soluble in water and 
ox.ilic acid, ea.sily soluble in mineral acids, ammonia and ammoniacal salts. Gives 
oft all its water at 100°, and is decomposed .at 340°, leaving a mixture of cadmium- 
and metal lie cadmi urn. (S o u c h a y and Lenssen.) 

Oxalate, of Cadm-aminonimri. C*(N*H**Cd)"0^.2H'^0. — When oxalato of cadmium 
fuiiled to ammonia till no more is diK.solved on heating tho liquid, the filtrate left 
tT somo time in the cold deposits needle-shaped crystals, which rapidly give off part 
th(‘ir ammonia when exposed to the air, and at 100° give off water as well as 
ammonia, acquiring at tho same time a slight brownish tint, from sep.aration of cadmium 
*-oxide. (Souchay and Lenssen.) 

Aminonio-cadmic Oxalates.— a. C^Cd"(NH*)20'».5C2(NIT^)*0®9H®0.— Separates^ in 
microscopic crystal.s when a solution of oxalate of cadmium in oxalate of ammonium 
s-itiiruted at the boiling heat, is diluted after filtration with an equal volume of water, 
ives off all its w.ater at 100° (Souchay and Lenssen.) 

C^Cd''(NIP)20«.7C-'(]SrH^)20M 111*0.— Separates in hard crystalline crusts from 
je pr(,epclitig saturated solution, if left to cool without addition of water. (Souchay 
Lenssen.) 
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y. Bammelaberg by disHolving oxide of cadmium in oxalate of ammonium, obtaimwl 
salt to wliich he assigned the formula OCd"(NH<)«0» 3C»(NH*)’>0^.8II«0. ThirsX * 
supposed by S<iuchiiy and Lens.sen to contain only 7H*0, The three double-salts the* 
form a regular series, their formulas, if A stand for C<Cd"(NH*)‘-*0*, and M 
C«(NH‘)K)*, being A.3iMlH=*0, A.J3*.9H*0, and A.B».7H'-'0. (Souchay and Lensselil 

Votassio-cadmic Oxalate^ C*Cd"K‘^0**.2lI0, is produced by saturating a builiu 
solution of oxalate of potassium with oxalate of cadmium, and separates from the 
filtrate in micro.seopic square-based octahedrons, which give off their water at 100® and 
are decomposed by water. 

8udio-cudmic Oxalate. C*Cd"'Na*0®.2H*0. — Similar to the potassium -salt. (Souchav 
and Leu sscn.) ^ 

OxALATB OP Calcium, C-Ca'W — This salt is very widely diffused in the 
vegetable kingdom, being found in the juice of most plants, whonce'it is deposited on 
the vascular tissue, towards the end of the growing season, in microscopic crystab 
having the form of a square-based octahedron (P : P in the terminal edges of the 
primary octahedron 46“ 28'; in a more ol>tu.se octahedron modifying the first iicio 
34'). According to Braconnot (Ann. Ch. Phys. [2] xxviii. 318), it often constitutes 
about half the weight of lichens growing on calcareous stones. The marble of the 
Parthenon at Athens is encrusted in some parts wit h a greyish, warty, and smnewliat 
opaline coating of calcic oxalate about a line thick, called ThierM-hite by liicbitr 
which is supposed to hav'o been deposited by liehens growing on the stone, Cidcic 
oxalate has also been found by Schmidt (Ann. Ch. Pharm. Ixi. 304) in beer-ycast. 
It is also of frequent occurrence in the animal bod}* (p. 2t5{)). 

Calcic oxalate is precipitated as a white powder whenever a soluble caleium-salt is 
mixed with oxalic acid or an alkaline oxalate, provided there be no strong miat^ral 
acid present in lsirp4 exeo.ss. It is insoluble in water, acetic acid, and solution of sal* 
ammoniac, nearly insoluble in free oxalic acid, and sparingly soluble in lactic acid, 
but it dissolves with tolerable facility in liy<lrochloric or nitric acid, whence it is pre- 
cipitated by caustic alkalis or alkaline carl)ona.tcs. Chloride of magnesium also renders 
it slightly soluble in water, ('riirner, Pogg. Ann. xix. 148.) 

Oxalate of calcium is insoluble in hot 'conccntratt‘d solutions of the chlorides of 
potHS.sinm, sodium, ammonium, barium, strontium and calcium, but solublo to a con- 
sidf'rablo extent in hot solutions of salts of the metals belonging to tho magnesian 
gnmp, and is precipitated from the.se solutions by an exce.ss of alkaline oxalate (Sou- 
chay and Lonsson). Wlicn immersed in a solution of cupric salt (c. ,<7. the sulphate, 
chloride, or nitrate) it is gradually converted into cupric oxalate, a soluble calcium-salt 
being formed at the same time. In presence of a large quuntity of chloride of sodium, 
calcium, or ammonium, oxalate of calcium dissolves completely in solution of cuprio 
chloride; but if the solution be agitated or left to stand for somo time, cupric oxalate 
scpariites out. When oxalate of calcium is boiled with a soluble salt of silver, lead, 
cadmium, zinc, nickid, cobalt, strontium, or barium, a solublo calcium-salt is formed, 
and ail oxalate of the oilier base is precipitated. (A. 11 ey noso, Cornpt. rend. xxix. 627.) 

Oxiilato of calciuin dissolves in considerable quantity in pure pho.sphoric acid, 
especially with the ai(l of lieat. Such a solution wlnm largely diluted with water, re- 
mains clear if it contains a large quantity of phosphoric acid ; ainl if eaustic-soda be 
then cautioiLsly added till tho precipitate* formed at first is redissolved, and the liquid 
then left to stand quiiqly, a large proportion of the calcic oxalate crystallises within 
twenty-four hours in quadratic pyramids ; and the mother-liquor if again treated with 
soda, yields another crop of cry stals. (Neubauer, Ann. Ch. Pharm. xeix. 223.) 

Oxalate of calcium dried at 38® contains 2 at. water (C='Ca"0 '.2110), half of which 
is given off at 100°, the rest at a higher temperature (Thomson. Graham). The 
salt dried at IftO® i.s highly electric, but loses this property as it absorbs moisture from 
tho air. (Berzelius.) 

According to E. S c hm i d (Ann.Ch. Pharm. xcvii. 225), tho precipitate of calcic oxaUte 
obtained by mixing neutral solutions of chl«»rido of calcium and potassic oxalate, and 
lett to dry for a considerable time at ordinary tenipcratures in the air or for a shorter 
time in vacuo over siilpliuric acid, consists of C‘Ca"0^2H20 (water by analysis, 12-3 
per cent. ; by calculation, 12-1 ). The precipitate thus obtained did not exhibit distinctly 
angular terminations, even with a magnifying power of 300° ; but that which was pro- 
duced by slowly adding a solution of potassic oxalate to solution of chloride of calcium, 
exhibited under the microscope, dendrites and lamime made up of oblique prismatic 
^ consist of a mixture of the hydrates C*Ca"O12H*0 and 

According to Souchay and Lenssen, oxalate of calcium, dried in the air at ordi- 
contains sometimes 1 at., sometimes 3 at. water; and when dried 
at 100 , always 1 at., half of which is given off at 180°, and the remainder at a tem- 
perature considerably above 200°; on exposing the anhydrous salt to the air, the 1 at. 
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water is quickly reabsorbed. A salt with 2 at. water does not appear to exi.st. — Ox- 

late of calcium precipitated at the boiling heat from a mixture of solutions of chloride 
V calcium and oxalate of ammonium, contains C'-Ga"OMPO ; so likewise when pre- 
cipitated in the cold from concentrated solutions, whether neutral or alkaline ; but the 
Hiilt })r«cif)ated in the cold from dilute solutions, is always a mixture of e*Ca"0Ml‘0 
and C■'Ca"0^3H'‘*0. — On adding a small quantity of chloride of calcium to a saturated 
solution of oxalic acid, aprocipitjite is formed consisting of microscopic crysUilline laminse 
and containing C“Ca"0‘.H‘0 ; and on adding a small quantity of oxalic acid to a large 
excess of chloride of calcium, a gummy precipitate is obtained of the same composition, 
and appearing under .the niicroseopo as an indistinct crystalline mass ; but by adding a 
small iiuaiitity of chloride of calcium to a very dilute solution of oxalic acid, there is 
fovnn'd after awliile, a precipitate consisting of square prismatic crystals of the tri- 
ll ydrnted salt, together with oblique prismatic (monocliiiic) crystals of the monohy- 
tlnttc, the former being in larger proportion ag tlie oxalic acid solution is more dilute. 

The .sqiiani prismatic crystals of calcic oxalate occurring in plants {Mamillaria quad- 
rlspiiia, Cereiis smllis, Mdovactus macroaeanthus, &c.), are, according to Schmid, 
t:'Ca"Oh 311-0 ; they give off two-thirds of their water, slowly when exposed to tlie 
air, inon* quickly in rarefied air. 

A solution of calcic oxalate in hot hydrochloric acid^ d('posits crystals of the salt 
C‘-(V0'.Il-0 (E. Schmid). According to Soiichay and Lonssen, this salt is 
3cpo.sitcd on cooling, wlu'ti oxalate of calcium is added at 100®, to hydrochloric acid of 
s|it'cific gravity less than IdO, in quantity sufficient to saturate it; but if the solution 
is not salurat('d, it depo.sits after some time, square prismatic crystals consisting of 
C''Ca"0‘.3H*0. — Ey adding oxalate of calidiim to warm hydrochloric acid, of specific 
gravity I'lO or higher, duii])le salts are ol>taiiH*d in scaly crystals, consisting of oxfilate 
and chloride of calcium. Willi acid of 1*20 .specific gravity, Souc hay and Lonssen 
ol)lained the salt 4C“Ca''(T‘.Ca"Cl‘-.24Tt-'0. Eritzsohe (T^)gg. Ann. xxviii. 121), by 
a similar proce.ss obtained an oxalato-chlorido containing C2Ca"0‘‘.Ca"Cl-.7ir‘*0, 
which was not obtained either by Schmid, or by Soucliay and J.enssen, 

Willi nitric acid, oxalate of calcium behaves in the same man ner as with hydrochloric 
arid, exci pling that it is insoluble in .strong nil ric acid, and therefore does not yield 
iiny ex.dalo-nitrate (8ouohay and Len .•^.se n). According to Schmid, a solution 
of calcic oxalate in hot nitric acid, depiosii s inouoclinic lamina.* of the. monohydratod 
sail, the last inothi‘r-li(|nors, however, yielding free oxalic acid. 

Oxalates of (/Erium, a. Om>w.s- Oxalic acid and alkaline oxalates 
added to cerous .*;alts throw down hydrated cerous oxalate in the form of a white powder, 
which, when heated in a close vessel, gives off water, carbonic oxide, and carbonic an- 
hydride, and leavi.'s a mixture of corc>.so-ceric oxide, with a small qnanlity of carbide of 
cerium (llerzelius). The salt, when prepared with cerous oxide free from lanth- 
anum, contains 3 at. water, which it doc.s not part wVli compdotcly even at 269°. When 
more strongly heated, it leaves a black powder which takes fire in the air, and burns 
till it is converted into ceric oxide (Ber in ger, Ann. Ch. Pharm.xlii. 143). The salt is 
insoluble in water and in aqueous oxalic acid (Berzelius). It di.s.solves without 
decoinpo.sition in hot nitric acid, and crystallises out again on cooling. By leaving a 
f<oliitioii oft he salt in warm moderately .strong nitric acid to evajiorate slowly over caustic 
potash, it is obtained in well-defined rhombohedrons. No acid salt is formed. If the 
acid is too strong, or heated to boiling, partial decomj)osition take.s place. (Holzman n, 
J- pr. Chem. Ixxxiv. SI.) 

Potassio-erroKs Oxalate, CPK*Ce"0^, is a white powder insoluble in water, and leav- 
ii'g when ignited a mixture of ccroso-ceric oxide and potassic carbonate (Berzedius). 

I he insoluliility of this salt affords a ready means of separating cerium from many other 
ne tals (i. 8.32). 

$. C( ric Oxalate i.s insoluble in water, but soluble in .aqueous sal -ammoniac. The 
f'olution when evaporattid first depo.sits a yellow powder, and then yields h.-mon-yellow 
cry.st als. (B e r z e 1 i u s. ) 

0 X A LA T E s OP C i)[ R o M I TT M. N cutral oxalato of ammonium forms with a solution 
of chromic oxide in hydrochloric acid, a pale green p>ulverulont precipitate. — The solution 
of chromic hydrate in oxalic acid prepared in the cold, has a cherry-red colour; the 
solution prepared at the boiling heat is green, but becomes cherry-col oured on cooling. 
At (Iries up by spontaneous evaporation to a violet-black vitreous mas.s, but the green 
solution evaporated over the water-bath yields a green mass. The solutions are not 
precipitated either by ammonia or by calcium-salts, but give a precipitate with limo- 
and when hot with potash. 
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nd earthy oxalates these solutions yield two series ( 

Hue salts 

CflCr"'M>0»* 

Cr-M“! 

1°' 

and 

C»*6r*]&®0*‘ 



Red salts 

C‘Cr'"MO“ 

(C*0*)«| 

Cr'"M! 

jo. 

and 

C^CryM^O*® 

<5r*M»j 

1 

^0® 

1 


The formula of the red salts (containing alkali-metals) may also be written 


C*Cr*0'*. . The two series of salts are analogous in composition to the acid and hyper, 
acid oxalates of potassium, C*HKO* (tripled) and C*H*KO*, the 3 at, hydrogen being 
replaced by 1 at. triequivulent chromium. 

Ammonium^saHs.—liho blue salt, C«Cr "(NI1«)®0‘*.3H®0, is obtained by saturating 
acid oxalate of ammonium with chromic hydrate, and separates on evaporation inbki 
scales isomorphous with the blue potassic salt (It. Kopp). It dissolves in 1^ pt. 
water at 15°, and in a smaller quantity of boiling water. 

The red aalt C^Cr"'(NH‘‘)0".4H''*0, exactly resembles the corresponding potassium- 
salt, and is obtained in a similar manner. 

Argcnto-chromic Oxalate^ C*CY"Ag’0''‘'.§H*0, is deposited in dark blue shining 
needles when a mixed solution of silver-nitrate and blue potassio-chromie oxalate is 
left to eraporate. It dissolves in 9 pts. of boiling water, and in a rather larger quan- 
tity of cold water. 


Barijto-chromic Oxalate^ C‘*Cr*Ba®0H12H20, also with 18IPO. Precipitated on 
mixing a barium-salt with a solution of blue ammonio- or potassio-chromic oxalate. 
Small dark violet needles, nearly insoluble in cold water, soluble in about 30 pts. of 
boiling water. 

Calcio-chromic Oxalate^ C'^Cr^Ca’O^MSII^O ; also with SCn'-^O. Dark violet silky 
needles, slightly soluble in water. 

Plumho-chromic Oxalate^ C*^Cr2Pt®0*M Blue precipitate formed on mixing 

the solutions of acofjite of lead and blue potass io«clironiic oxalate. 

Potassio-chromic Oxalates. — a. Blue salt. C®Cr'"K®0‘®,3T:I‘'0. — Prepared by saturating 
a boiling solution of acid potassic oxalate with chromic hydrate, or by dissolving, with 
aid of heat, 1 pt. acid chromate of pota.ssiiim, 2 pts. acid oxalate of potassium, and 
2 pts. oxalic acid in 1 pt. of water. In tholattercase the cliromic acid is first reduced to 
chromic oxide by tlie oxalic acid, whence there results a disengagement of carbonic an- 
hydride. The salt crystalli.ses in large inonocliuic prisms, black by reflection, and of 
a fine blue colour by transmitted light. The dominant faces are oo P, [ »Pj], [ 
ooPoo , and the prisms are terminated at tJie ends by the faces -P P equally developed, 
(like fig. 30, CiiY.STALLOGRAPHY, ii. 15r5), or with +Por +Poo predominant. Botio 
of axes fl : 5 : c « 0*999 : 1 : 0*395. Angle of axes = 86°; : -i-P in tko 

acute cliirodiagonal terminal edges = 138° 48' ; — P : —P in the obtu.se edges = 

34'; +P : -P in the orthodiagonal terminal edges = 139° 42'; H-P : —Plo 
the basal edge.s = 58° 19'; ooP : ooP » about 90°; [»?§] ; [ooP|] in the 
oithodiagonal pirincipal section = 112° 30'. 

The salt dissolves in 5 pts. water at 15°; the solution is green by reflection, red hy 
transmission. If boiled and then evaporated.it leavers a green amorphous residue, 
which however, if redissolved in water, again yields blue crystals on evaporation. Tho 
salt gives off 11 per cent, water (3 at.) at 100°. 

fi. Red salt, C^Cr'"K0®.4H*0.— Obtained by saturating hyperacid oxalate 
roxalate) of potassium with chromic hydrate. Crystallises in small rhomboidal tabled 
or dark-rod grains (Croft, Phil. Mag. [3] xxi. 197). The crystals are monoclinici e*' 
hibitingthe dominant combination oP. oop . [ 00P2] . ooPoo . [ ooPoo ] . + Pao Poo* 
Ratio of axes a: b :c « 0*8061 : 1 : 1*11583. Angle 5 : 0 « 70° 33'; ooP : wP 
(clinod.) = 81° 17'; [ooP2J : [ooP2] « 46° 27' ; oP : ooP « 120° 41'; o?: 
-Poo -t 142° 26' (Rammelsborg, Pogg. Ann. xciii. 24). The crystals disselv® 
rather more than 10 pts. of cold water ; the solution in cold water is cherry-colourw » 
that made with boiHiig water is blackish-green. The solution if boiled and thc^n lc» 


• Gr = 5*2*4; chromic chloride = CrCP. 
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M itself for a fpw days, deposits garnet-red crystals, but if evaporated immediately over 
the water-bath, it leaves a green amorphous mass. 

Sodio-chromic Oxalates. The blm salt^ C*Cr'"Na®0*®.4H.*0, is obtained in hexagonal 
plates or rhomboidal prisms by saturating a boiling solution of acid sodic oxalate 
idth chromic hydrate. The crystals are black by reflection, deep blue by trans- 
mission, slightly efflorescent, very soluble in water (Berlin). They are monoclinic, 
exhibiting the combination oP . + P . — P . ooPoo . [ ooPqo ] . ooP. Ratio of axes 
j : A : c = 07218 : 1 : 0*8803. Angle A : c - 79° 20'; oP : + P == 120^; oP : 
_ p 128® 12'; oP : ooP «= 96® 20'; ooP : ooP (clinod.) = 73® 25'. Cleavage 

perfect parallel to oP. (Rammelsberg.) 

' According to Rammelsberg, a solution of chromic hydrate in acid sodic oxalate yields 
irst a red and afterwards a blue sodio-chromic oxalate, the two salts having the same 
composition (?), and the rod salt also forming monoclinic crystals. 

OxALA-TBS OP Cobalt, a. Cobaltoua salts. — Neutral cohaltous oxalate^ 
D’Co"0^2H*0, obtained by digesting the carbonate with excess of oxalic acid, is arose- 
'od powder, nearly insoluble in water and oxalic acid, easily soluble in aqueous ammonia. 
<1 blue basic salt^ C*Co"0*.2Co"H®0®, is obtained by treating cobaltous oxalate with 
soiling aqueous oxalate. 

A potassio-cobaltous oxalate is obtained in rose-coloured rhomboidal crystals insoluble 
11 water, by dissolving cobaltous oxalate in a boiling solution of the neutral potassic 
lalt. Cobaltous oxalate dissolves also in a hot solution of the acid ammonium-salt; 
)ut the licjuid when loft to evaporate deposits rose-coloured sparingly soluble crystals 
ontaining only a small quantity of cobiit. 

Oxalate of Cobalt-nickel-ammonimn^ 2[C^(Co"N*H®)"(Ni"N®H®)"0®].9H®0, was ob- 
ained by Rau ten berg (Anri. Ch. Pharm. cxiii. 360) in separating nickel and cobalt 
))’ Langier’s method (i. 1039), being di^positod after some weeks from the ammoniacal 
olutioii from which the greater part of the nickel-oxalate had previously separated, 
t forms transparent cherry-red triclinic prisms which give off all their water of 
rystallisation at 100®, crunildirig to a brick -red powder, and ammonia at 180®. It is 
Insoluble in water, easily soluble in ammonia, the solution when left to evaporate, 
lepositing oxalate of nickel -am nioniuiri while a cobalt-salt remains in solution. 

3. Cobaltic salts. A solution of cobaltous oxalate in strong aqueous ammonia 
i ft to evaporate in contact witli the air deposits large deop-red crystals containing, 
ccordiug toL. Gmelin {Handbook^ ix. 1 62^ 3C*0*. 1 2NH*.Co®0*. 3H*0, which may be 


epresented by the formula 


(C*6*)®x 

Co4 

) 


N»* 

O® 


.3IPO. 


The crystals are sparingly soluble in 


rater and in aqueous ammonia, and when boiled with potash, give off ammonia and 
eposit Lr(jwn peroxide of cobalt. 

Other ammoniacal cobaltic oxalates are described under Cobalt-basks, Ammoniacal 
i. lOol). 


OxALATKSOP CopPEB. Neutrol ctiprtc Oxalate^ 2C*Cu"OMI*0 (according to 
iowe, Jahresb. 1860, p. 243), is a light greenish -blue precipitate, insoluble in water, 
early or quite insoluble in oxalic acid, but easily soluble in the neutral oxalates of 
mmonium, potassium and sodium. It does not give off the whole of its water even at 
20®, but decomposes at a somewhat higher temperature. 

Ammonio-cupric Oxalate^ C'‘(NH‘‘.)®Cu"0*.2H®0, obtained by dissolving cupric oxalate 
^ the neutral ammonium-salt, or cupric oxide in the acid ammonium-salt, forms dark 
lue rhombic plates permanent in the air, sparingly soluble in water, with partial 
ecomposition. 

Oxalate of Cupramynonium^ C®(N®H®Cu'')"0®.n*0, is obtained, by evaporating an 
mmoniacal solution of cupric oxalate, in short flattened hexagonal prisms, of a dark- 
lue colour : it effloresces on exposure to the air, giving off water and ammonia. 
Oxalate of Copper and Cuprammonium, C®Cu''(N*H®Cu'')' O®, is deposited as a sky- 
lue crystalline powder when ammonia is treated with a larger quantity of cupric 
salato than it is capable of dissolving. 

hithio-ewprio Oxalate^ C*Li®Cu"0'*.2H*0, is deposited in blue crystals by spontaneous 
raporation of the solution obtained by boiling acid lithic oxalate with cupric oxide ; 
hou redissolved in water, it suffers partial decomposition (Troost, Ann. Ch. Phys. 
1] H. 103). 

Potassio-cupric Oxalate crystallises in blue rhombohedrons, C*K*Cu''0®.2H*0, spar- 
‘gly soluble in water, or in flattened needles containing C®K*Cu"0®. 4H®0. It is 
ijcomposed by boiling water, with separation of cupric oxalate. 

Sodio-cvpric Oxalate^ C®Na®Cu''0®.2H*0, forms dark sky-blue often flattened needles 
OxALATB OP Didymium. C®Di"OMI*0; also with 4H*0. — Pulverulent and 
VoL. IV. S 
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white, with a slight tinge of rose-colour, when precipitated from neutral solutions; but 
when redissolved by the aid of heat in excess of nitric or hydrochloric acid, it separates 
as the liquid cools, in the granular and crystalline state, sometimes even in small, rose, 
coloured, rectangular prisms terminated by four-sided pyramids with their faces restiae 
on the edges of the prism. This salt is completely insoluble in water, and nearly in. 
Soluble in oxalic acid and in very dilute mineral acids. The air-driod salt (with 4 at! 
water) gives off about 20 per cent, water at 100°, leaving the monohydrated salt. 
(Marignac, Ann. Ch. Phys. [8] xxxviii. 175.) 

Oxalate of Gl uc in um remains, when its aqueous solution is evaporated, as a 
transparent gummy mass, possessing the sweetest taste of all glucinum-salts 
(Vauquelin.) 

Ammonio-glumnic Oxalate, C\NH^)*G"0®, forms trimetric crystals exhibiting the 
combination oofoo . ooPoo . oP . P . 2P . coP . Poo . Poo . 2P00 . 4Pqo . Ratio of 
axes a\h \ c *=» 0*8769 : 1 ; 1*7413. Inclination of the faces, P : P in the brachy- 
diagonal principal section = 121° 50'; in the macrodiagonal = 111° 24'; in the 
basal section =« 98^ 44'; 2P ; 2P in these three sections = 105° 66'; 93° 10' and 
132° 4'; - ooP: ooPoo = 138° 4/ ; oP : I^oo *= 143° 27'; oP : Poo = 139° 45' 
(S^narmont, Jahresb. 1857, p. 295.) 

Oxalates of Ihon. o. Ferrous salts, — Ferrous oxalate occurs as oxalitt 
or humboldtine, 2G*Ffo"0“. 311^0, in deposits of lignite. It is very soft, and crumbles 
between the fingers, has a density of 2*13 — 2*489, yellow colour, dull or slightly 
resinous lustre, and when in.sulated acquires negative electricity by friction. When 
tlirowQ on red-hot coals it emits a strong vegetable odour and leaves a re.sidu0 which 
is attracted by the magnet. It is found in lignite at Kolosoruk in Bohemia, at GroHs- 
Almerode in Hessia, and in .shale at Cape Ipporwasli in Upper Ciiiiada (Dana, ii. 465). 
It appears to have been formed by the decomposit ion of succulent plants. 

Iron dissolves in oxalic acid, with evolution of hydrogen, and the liquid which 
has a sweet a.striugciit taste, gradually depo.sits ferrous oxalate as a lighl-yellow 
powder. Tliis salt separates also in small shining yellow crystals containing C®Ff«"0t 
2H’0, when ferrous sulpliato is precipitated i)y oxalic acid or neutral oxalate of 
potassium ; also when a solution of ferric oxide iji oxalic acid is exposed to sunshine. 
It is nearly insoluble in cold, very sparingly soluble in boiling water. According to 
Souchay and Lenssen, the dihydrated salt dissolves in 4,500 pts. of cold and 3,800 pts, 
of hot water. 

When the dihydrated salt is lioatcd with tho strongest sulpliuric acid (H*SO*) car- 
bonic oxide and carbonic anhydride are evolved and pure ferrous sulphate remains in 
the form of a soft white powder. But if the same salt bo heated with dilute sulphuric 
acid, tho liquid after cooling yields crystals of oxalic acid, and ferrous sulphate remains 
in solution. — When ferrous .oxalate is dissolved to saturation in strong liydrochloricacid 
at a boiling heat, tho, licpiid wluui quite cold, deposit,-? largo transparent crystals of 
oxalic acid, and afterwaivls crystals of ferrous chloride. (Souchay and .Lon.ssen.) 

If ferrous oxalate he added to boiling solution of caustic potash, tho boiling heat 
being continued for some time, a velvet-black precipitate of ferrous oxide is produced, 
which however soon passes on the filter to a higher state of oxidation. Ferrous oxnlato 
boiled with a concentrated solution of acid carbonate of potassium, yields a perfectly 
white precipitate of ferrous carbonate, which likewise oxidises quickly during washing. 
(Bdttger, J. pr. Cheni. Ixxvi. 238.) 

Acid saltl A solution of iron in oxalic acid, yields before complete saturation, 
greejiish -yellow, very soluble, efUorescent prisms wdiich appear to be an acid ferrous 
oxalate, or according to Barrcswil, a f err oso~ ferric oxalate. 

Potassio-ferrous Oxalate. C*K®Ffc"0«.2H*0.~A solution of ferrous oxalate in 
oxalate of potassium, deposits, when mixed with alcohol and left to stand for 24 hours, 
oily drops of this double salt which soon solidify. (Souchay and Lenssen.) 

is. Ferric salts. When ferric hydrate is treated with a quantity of aqueous oxalic 
acid not sufficient to dissolve it, a yellow powder i.s formed nearly insoluble in water, 
and apparently consisting of neutral ferric oxalate. Tlie same salt is precipitated on 
adding a small quantity of neutral pota.ssic oxalate to a ferric salt. It dissolves in 
oxalic acid, forming a .solution which, when exposed to sunshine, gradually assumes a 
greenish-yellow colour, gives off carbonic anhydrulo, and deposits crystals of ferrous 
oxalate till it becomes quite colourless. 

Ferric hydrate dissolves in the acid oxalates of the alkali-metals, forming double salts* 
Ammonio-Jcrric Oxalate, C®(NH^)*Fe"'0**- — A hot solution of ferric hydrate in acid 
oxalate of ammonium deposits this salt on cooling in small, anhydrous, rhombic octa- 
hedrons, having a greenish-white colour and turning yellow when exposed to 
The salt dissolves in 1*1 pt. water at 20° and in 0*79 pt. boiling water. The aqneous 
solution exposed to sunshine gives off carbonic anhydride, and deposits ferrous oxalate 
in the form of a yellow powder. 
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Barytorf^'f^ Oxalate, C**Ba*Fe*0**.6H’'0 (?), is precipitated on mixing a concentrated 
■olution of the ammonio-ferric salt with chloride of baximu. The precipitate crystallises 
from boiling water in greenish-yellow silky needles. 

Calcio-ferric Oxalate is an unerystallisable precipitate. 

Botamo-ferric Oxalate, C*K*Fe'"0**.3H20, ciystallises in flattened prisms or scales 
of an emerald-green colour, which effloresce in dry air, and decompose quickly when 
exposed to light, depositing ferrous oxalate. It is isomorphous with the blue potassio- 
chromic oxalate. (H. K o p p.) 

Sodio-ferric Oxalate, C“Na“Fe"'0**.3H*0, also forms green crystals moderately soluble 
in water. The crystals are monoclinic, the dominant faces being oP, +P, —P, 
oop Batio of axes a \ b \ c ^ 0*7304 : 1 : 0-877. Angle h \ c ^ 79® 44', ooP : 
05 P (clinod.) * 73® 10'; +P : +P (clinod.) - 91® 12'; -P : ~P in the 
same 101® 22'; + P: - P (basal) = 111® 43' : oP : + P == 119® 68’; oP: 
_ p aL .128® 19'. Cleavage easy parallel to oP. (Ramm els berg.) 

Strontio-ferric Oxalate is an unerystallisable precipitate. 

OxxLATE OF Lanthanum. C-La"0*. — ^White precipitate insoluble in water 
nearly insoluble in oxalic acid, easily soluble in nitric acid, st'parating from this solution 
like the cerous salt (p. 256) in well-deflned rhomboheclrons. (Holzmann.) 

OxAiiATES OF Lead. — The nnitral salt, C^Pb"0*, is awliite precipitate insoluble 
in water and in acetic acid, but soluble in nitric acid. It dissolves also at the boiling 
heat in aqueous chloride, nitrate, and succinate of ammonium, but is insoluble in caustic 
ammonia, and in the carbonate. The dry salt heated in a retort placed in an oil-bath, 
decomposes at about 300**, giving off a mixture of 3 vol. CO'*^ to 1 vol. CO, and leaving 
a residue of suboxido of lead. (Pelouzo, Ann. Ch. Phys. [3] iv. 104) : 

2C=Pb"0* = SCO* + CO Pb^O. 

A l)asic oxalate of lead, C*Pb"Oh2Pb"0, is obtained as a white j)o\vder by precipitating 
a solution of basic acetate of lead with neutral oxalate of ammonium, or by boiling 
neutral oxalate of lead witli tlio basic acetate (which is thereby convtsrted into neutral 
acetate). It is precipitated in small shining larainro on mixing a boiling solution of 
oxamide with nitrate or acetate of lead containing a little ammonia. It absorbs car- 
bonic acid from the air, and is ultimately converted into a mixture of carbonate and 
neutral oxalate of lead. 

Votassio^plumhic Oxalate. — Acid oxalate of potassium digested with hydrate of lead 
dissolves a small portion of it, and the solution yields small needles which are per- 
manent in the air, but are decomposed by alkalis, (W enzel,) 

Pb* 

Oxalato-nitratcs of Lcad.-^a. The normal salt, C*Pb"0^N’a'b"0«.2H*0«( C'-'O*)" O* 

(NO*)2 

.2H*0, is produced by pouring a solution of neutral lead-acetafo into a mixture of 
dilute oxalic and a large quantity of nitric acid, or dilute oxalic acid into a mixture of 
dilute lead-acetate and nitric acid; also when oxalate of lead is dissolved in dilute 
nitric acid, or boiled with a strong solution of lead-nitrate. It forms rhombit? or hex- 
agonal plates having a nacreous lustre ; is slowdy decomposed by cold, quickly by boil- 
ing water. (Johnston, Phil. Mag. [3] xiii. 25. — Lujardiii, J. pr. Chem. xv. 308.) 

P!)« 

fl. A basic salt, C2Pb"0*.3N2Pb''0‘».2Pb"0.3IP0 = ( C-O*)" ■ 0>«. 3lPO. is formed 

(NO’0« 

when oxamide is boiled with a strong solution of lead-nitrate mixed w-itli ammonia, 
and separates in white shining crystalline gwiins, which must be washed with -cold 
water and dried in a vacuum. If the boiling bo too long continued, while the liquid 
still contains neutral nitrate of lead (which thereby becomes basic), the sail ^ is con- 
verted into a. The salt fi is also formed when basic oxalate of lead is boiled with a 
solution of lead-nitrato in a double quantity of water, the ebullition being stopped 
before 3 is converted into a. (Pelouze, Ann. Ch. Phys. [2] Ixxix. 104.) 

Oxalates of Lithium. — The nentral salt, obtained by saturating a hot 

solution of oxalic acid with carbonate of lithium, separates on cooling in indistinct 
nodulous anhydrous crystals ; it also separates in the anhydrous state from its aqueous 
^ addition of alcohol. 1 pt. of it dissolves in in 13*1 pts. water at 19-6®. 

The acid salt, C*IILiO ‘.H*0, forms large tabular crystals which dissolve in 12*8 
pts. water at 17®, give off their water of crystallisation at 100®, and oxalic acid at 160®, 
toouchay and Lenssen.) 

. Oxalate SOP Magnesium, C^Mg"0*. This salt is best prepared by neutral- 
ism^ oxalic acid with carbonate of magnesium and washing witii cold water; when 
from a magnesium-salt by oxalate of potassium, it always retains a portion 
w that salt. Prepared by the first method, it is a white sandy powder consisting of 

s 2 
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oTT^O soluble in ’ 1500 pts. of water at 16® and 1300 ptfl. of boiling water. It 
riwfoff r^percent. water atlOO®, and does not lose the wMe of it ^’pn at 140® ; but at 
fsooit becXs anhydrous, at the same time, however, suffering partial decomposition. 
No acid o^ate of magnesium or double oxalate of magnesium and sodium appear, 

^^Lnio-ma^nesian Oxalates.-A concentrated solution of chloride of m^eshui 
forms wkh oxalate of ammonium, a precipitate of oxalate of magnesium, which al w 
Sins small quantities of the double oxalate of magnesium and ammonium. But ^ 
dilute solution of chloride of magnesium mixed with oxalate of ammonium, especially 
if a little caustic ammonia is added, yields, after stan^ng for some time, crystalline 
crusts consisting of oxalate of magnesium and ammonium and oxal^ate of ammonium 
in equivalent proportions, varying accordmg as the magnesia or the o^ate of am- 
monium predominated in the Uqmd ; they dissolve m wate^ with separati^ o^lalate 

°^™"^Mg\^H^y0*.6C2(NH»)’0'.9H*0.--0btained by adding ojmlat# 
nium to a magnesia solution, rendered strongly alkaline by amnionia, and luM 
with a quantity of sal-ammoniac sufficient to ^ 9TT2rv^ 

portion, that the magnesia may be to the oxalic acid (C*H 0 .2H 0), as 1 . 

(Souchay and Lenssen.) ^ i x* .t 

$. 6C*Mg"(NH^)’'0».8C'^(NH^)^0^24H20.— By mixing a magnesia solution int|. 
oxalate of ammonium, in such proportion that the magnesia may be to the oxalic add;' 
as 1-0; 6-3. (Souchay and Lenssen.) 

y C‘Mff(NH^)W4CXNIP)''0^8IP0 (Souchay and Lenssen); with 2H*0 
(Kayserf Pogg. Ann. lx. 143).— Prepared by gradually adding recently pre- 
mpitated oxalat(j of magnesium to a boiling concentrated solution of oxalate of am- 
monium, till the former no longer dissolves, even after long boiling. On filtering hot, 
and leaving the liquid to cool quietly, the salt y, separatees in hard, wai-ty, crystalline 
crusts, having the appearance of enamel, slightly translucent, and efflorescing m the 
air. it dissolves pretty readily in water, with partial separation of oxalate of miig- 
neshim • in ammoniacal salts it forms a clear solution. — At 100® it gives off 13*3 per cent, 
(rather more than 6 at.) water; at 120®, 7 at. in all; at 140® it begins to decompose 
and assume a brownish tint. (Souchay and li e n s s e n. ) , . , , 

5. C^Mg"(NH^)W6C‘‘'(NH^)'H)\8lPO.— When the mother-liquor from which the 
preceding salt has crystallised is mixed with a little water and ammonia, and set aside 
for some weeks in the cold, it deposits milk-white cnists, which dissolve 
pai-tial decomposition, the solution becoming turbid. It gives off 12*15 
8 at.) water at 100®. (Souchay and Lenssen.) ■% 

<. C^Mg (NH«)’-0».2C2Mg"0*.2H20 or C«Mg*(NIP)*0’®.2H'‘^0, is produced, Ai 
to Brandes (Schw. J. xxvii. 18), when aqueous chloride of magnesium- is 
neutral oxalate of ammonium, especially in presence of excess of ammonia, afid i$^g*Wv 
nally deposited in crystalline crusts. Souchay and Lenssen did not succeed'in 
paring this salt. , 

Potassio-magnesic Oxalate, Ca<*Mg"0»6H*0. -Deposited in white needles wHWI 
strong solution of neutral potassic oxalate is boiled with recently precipitated o^juatd 
of magnesium, and the filtered liquid is left to cool. It effloresces quickly in the W 
is insolubhii in cold water, and is decomposed by hot water with separation of oxalate 
of magnesium. (Kayser, a'^.) 

Oxalate of Manganese. — This salt, whether prepared by precipitating^^ 
sulphate or chloride of manganese with oxalic acid, or by treating the carbonate of man- 
ganese or manganoso-manganic oxide wjth oxalic acid, contains, in the air dried stat®, 
I at. water. Souchay and Lenssen (Ann. Ch. Phaim. cii. 47) found in 
per cent. MnO, the formula 2C*Mn"0^.6H*0 requiring 37*83 per cent. 1 pt. of tm* 
hydrated salt dissolves in 2460 pts. of cold, and in 1250 pts. of boiling water; buttne 
solubility is very greatly increased by the presence of a trace of potassic or ammonw 
oxalate. At 100®, according to Souchay and Lenssen, it gives off all its watet^** 
previously found by Liebig, Ann. Ch. Pharm. xcv. 116). ^ 

These results are at variance with those obtained by other chemists. AcoordiW^ , 
Graham, the salt contains § at. water, the whole of which it retains at 100®; 
ing to Hausmann and Lciwenthal it contains, after drying at 100®, 2 at. ^ 
According to H. Croft (Chem. Gaz. 1857, p. 62) the quantity of water conj 
manganous oxalate varies with the temperature at which it is precipitated. '' 
centrated solutions of manganous sulphate and oxalic acid yield a utoite gn 
cipitate consisting of C*Mn"0^.2H*0, which does not give off any watet 
(This agrees with the statement of Hausmann and Lowenthal.) 
manganous sulphate in 30 pts. of water, oxalic acid produces a precipitate 
faint violet colour, but in a few days becomes white and granular, and 
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game composition. When manganous sulphate dissolved in 30 to 100 pts. of water is 
precipitated by oxalate potassium, a pale violet crystalline precipitate is obtained re- 
sembling benzoic acid and containing C'-Mn'O^SH^O. It is unalterable in the air at 
ordinary temperatures, but at 100° gives off! at. water and turns white. When heated 
for some time in the air, it yields red crystalline manganic oxide (Croft) —These state- 
ments are confirmed ly Glorgeu (Compt. rend, xlvii. 929). Oxalic acid mixed with 
’ excess of sulphate in the cold, yields rose-coloured prismatic needles of the 

8altC*Mn 0\3H*0; hut when a very hot .solution of oxalic acid is mixed with a hot 
Bolntion of a manganous salt till a precipitate begins to form, and the liquid is then 

left to cool, white flattened octahedrons are obtained, consisting of 2H20 

The red salt, when dried in the air, gives off 1 at. water and turns white ; but in vacuo 
and even at 96°, it retains its red colour, although it loses the greater part of its water. 

Oxalate of manganese forms, with oxnlato of am- 
moni^gl^ senes of double salts varying in composition according to the degree of dilu- 
tion JPPhe proportions in which the constituent salts are mixed. 

, (NH*)*0".2H*0 is obtained by adding oxalate of manganese to a boiling 

^turated solution of oxalate of ammonium, and filtering the rose-coloured solution while 
still hot. Tlie crystalline crusts composed of microscopic square prisms, which first 
separate from the liquid, consist of the salt a. The mother-liquor yields crystals of 
different composition. (Souchay and Lenssen.) 

fl. C^Mn"(NIP)*0®.C*(NH*)*0^.4H*0. — The mother-liquor of tho salt o, filtered 
and left to itself for twenty -four hours, deposited crystalline crusts consisting of micro- 
scopic prisms which gave by analysis 15-24 per cent. MnO and 46 20 the formula 
of salt requiring 15.37 MriO and 46-63 C*0*. 

7. CW(NIP)*0«.4C*(NH^)‘^0\8H*0._The mother-liquor of iS mixed with water 
yuhlcd, after standing for a day, crystalline crusts containing 7*44 per cent. MnO and 
47 -18 per cent. C*0*; the formula 7 requires 7*84 per cent. MnO and 47-57 C'-^O*. 

«. The mother-liquor of 7 deposits, after standing for some time, crystalline crusts 
containing 6- 1 9 per tnmt. MnO and 49-82 C^O*, agreeing with the formula C%u'YNHM*0» 
C*(NH^)*0^8H*O, which requires 6-17 MnO and 49*86 C^O*. ' 

All these salts are decomposed by water and effloresce rapidly in the air. The 
rnloiir reddish or white according to the proportions of manganeso contained in them, 
lliose which contain a large proportion of manganese separate in small prisms, while 
th^ with a smaller quantity of manganese are deposited in crystalline crusts or 
iiotos, and always after the solution has been left at rest for some time. fSoucha v 

Manganese and Manganammonium. C^Mn"(N*H®Mn")"0".6n*0.— 
oxalate of ammonium is saturated with oxalate of manganese, 
raejqtiid filtered, and ammonia added till the filtrate smells slightly of it, a white or 

S htly green crystalline qwwder is precipitated, consisting of transparent inieroscopic 
Jtals, -which have the form of square prisms, but are so much truncattd that they 
ap|scarcoly distinguishable from cubes. (Souchay and Lenssen.) 

assigned to a salt prepared in a similar manner, the formula 4NH*. 
^Mn (NHpi2CW0^8H*0, the accuracy of which is called in question by 
{Handbook, ix. 147). The salt decomposes quickly in contact with water, 
tufting brown and absorbing oxygen. At 100° it gives off 6 at. water, assuming at 
tne- same time a faint brown colour. (Souchay iind Lenssen ) 

Massio-manganom Oxalate, C<Mii"K*0».2H'^0.- Obtained in reddish crusts by 

aaaing manganous oxalate to a boiling concentrated solution of oxalate of potassium, 
filtrate to cool. Gives off all its water at 100°. (Souchay and 

is best obtained by saturating 3 pts. of oxalic acid with 
flio v ■ 1 adding 4 pts. of oxalic acid, and tlien peroxide of manganeso till 

exhibits but a faint acid reaction. The purple liquid thus formed is very 
mJ light and heat. Mixed with alcohol in the dark and in a vessel 

'^muy cooled, it deposits potassio-manganic oxalate (probably C«Mn'"K»0«».3H*0), 
crystals which however cannot be dried without decomposition. (Sou- 
'Oaypd Lenssen.) ^ ' 

Oxalate, Oxalate of manganese dissolves pretty freely in warm 
iHen Af l^li® solution deposits crystalline crusts containing variable quan- 

probably consisting of sodic-oxalate having oxalate of man- 
* inclosed within it. (Souchay and Lenssen.) 

he Mercurous Oxalate^ C‘^Hg^O\ is obtained in 

beating mercuric oxalate to 164°. It is also produced by heating 

excess of oxalic acid, as a white precipitate, which is insoluble 
liiiot bo f obstinately retains hygroscopic water, from which indeed, it 

oe treed without decomposing into mercuric oxalate and metallic morcuiy ; this 
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decomposition taking place at 100®. The t4me products aj^e obtained when mercnmug 
oxide is heated with oxalic acid.— The anhydrous salt obtained by the fiwt method 
begins to decompose only at 176° (Souchay and Lenssen). According to Harff 
(N. Br. Arch. v. 264) mercurous* oxalate obtained by precipitation and dried at lOQo 

contains , -i i 

Mercurous oxalate is insoluble in oxalic acid, easily soluble in hot nitncacid; in 
cyanide and siUphocyanate of potassium, it dissolves very easily, with separation of 
metallic mercury; it is also somewhat soluble in ammonia-salts. Heated with oxalate 
of potassium, fiddium, or ammonium, it forms double mercuric oxalates, with separation 
of mercury. It detonates wlien heated. — With ammonia it forms a greyish-black 
powder, supposed by IlurflPto be 3Hg*0.2NH®.C’^0’* ; it does not however appear to be 
of constaut composition. (Souchay and L e n s s e n.) 

Merc u r i c Oxalate, Obtained pure as a white amorphous po^fder, by 

adding a solution of mercuric nitrate to excess of oxalic acid, or by prolonged digfAtion of 
yellow mercuric oxide with oxalic acid (Souchay and Lenssen). It is decomposed 
hy heat, giving off carbonic anhydride and metallic mercury. When diy, it detona^s 
violently on being rubbed. It is easily soluble in hydrochloric acid, less soluble in 
cold nitric acid, insoluble in oxalic acid. Decomposed by carbonate and phosphate of 
sodium. Heated with solution of sal-ammoniac, it gives off carbonic aimydride, and 
yields oxalate of ammonium and mercurous chloride. (Souchay and Lenssen.) 

Ammonio-mercuric Oxalate. C*ITg"(JNH^)‘0".2Tr‘0. — Precipitated on adding recently 
precipitated mercuric oxalate to a boiling concentrated solution of neutral oxalate o.f am- 
monium, in white microscopic needles, easily decomposed by liglit and heat. Loses 
12^5 per cent, of its weight at 100*^, and tlccomposea with a hissing noise at a higher 
temperature, l('aving no residue. It is decomposed by water, and docs not dissolve in 
alcohol or ether. (Souchay and L e u s s e n. ) 

Oxalate of Tetra-mercnranimonhmihiiH been already described (iii, 918). 

Potasslo- mercuric Oxalate. C‘Hg"K*0‘‘.2H*(). — ^IVeparcd like tile preceding. Small 
white, beautifully iridescent crystalline seale.s, which under the microscope appear like 
square })risra.s. It is decomposed by water gives off water; and turns black at 100°; 
and is partially decomposed by light. (Souchay and Lenssen.) 

Mercuric oxalate does not dissolve in oxalate of sodium. 


Oxalate of Molybdenum (Berzelius, Pogg. Ann. vi. 348). Molyhdon 
Oxalate. — Diirk grey precipitate, which turns black when dried, and is sparingly sol- 
uble in excess of oxalic acid. ; 

Potassio-molyhdous Oxalate is purple and soluble in water. ■ 

Molyhdic Oxalate cry8talli.se8 in blackish-blue crystals when the aqueous Bolutl5nu 
left to evaporate spontaneously. From its solution in water, which is red, amnibiua 
throws down a pale brick-red, basic salt insoluble in excess of ammonia. ' 

Potassio-molybdic Oxalate formed by digesting molybdic hydrate in salt of sorrel ii 
soluble in water. (Berzelius.) 

Molyhdoso-molyhdic Oxalate, Blue oxide of molybdenum dissolves in oxalic add, 
forming a blue solution which leaves a blue mass when evaporated, becomes green 
when diluted writh a small quantity of water, but brown on being mixed with a largfi 
quantity. (Heycr, Crell. Ann. 1784, ii. 14.) 

Oxalato-molybdic acid is formed by digesting molybdic trioxide with aqueous oxalic 
acid. The solution, which is colourless even when the molybdic acid is in excess, yields 
on evaporation a colourless jelly which becomes crystalline without further dessication, 
dissolves in water, and with yellow colour in alcohol (Berzelius.) The aqueous aoln- 
tion of .salt of sorrel readily dissolves molybdic acid, forming a non-crystaUisable 
oxalato- molybdate of potassium. (Berzelius.) 

Oxalate OP Nickel, C‘W'0*.2H*0. Grcenieh-white precipitate insoluble in 
water, soluble in ammonia and in ammoniacal salts. It dissolves also in potash, form- 
ing a cry stalli sable jmtassio^niclcel-oxalate. 

Neutral oxalate of ammonium dissolves oxalate of nickel, and the solntion yields by 
evaporation green prisms of ammonio-nickel^xalate. On adding to the aqueous solntion 
of this salt a small quantity of ammonia, a pale green precipitat-e is formed, con8i8tii»& 
according to Winckelblech (Ann. Ch. Pharm. xiii. 278), of oxedaU of nicH ^ 
niokcl-ammonium, C<Nr(N2H«Ni")"0«.6H*0. 

Oxalate of ]Slickel-cobalt-am7}ioniumf {see p. 25S), 

Oxalate of Palladium.— Alkaline oxalates added to a solution of palladion* 
mtrate, form a light yellow precipitate. 

Ammonio-palladious Oxalate, CWXNH*)*0*.2H20, obtained by dissolving 
carbonate of palladium in acid oxalate of ammonium, crystallises in bronae-yellow rhom- 
boidal prisms containing 2 at. water, or sometimes in needles containing 8 
-Oxalates of Platinum, o. Platinous Platinate of 
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in yrsm aqueous oxalic Jusid, carbonic anhydride being evolved, and the platinic oxide 
reduced to platinous oxide. The solution, which has first a red, then a violet, and 
iildniately a deep indigo colour, depoaite dark copper-coloured needles, which were 
supposed by Dobereiner (who did not analyse them) to be platinous oxalate ; but, 
accoidingtoSouchay andLenssen, they contain 44*4 per cent, platinous oxide, and 12*00 
soda, agreeing nearly with the formula of sodw^plathmis oxalate, C^NH*Pt"0".2H20. 
Tliis salt, when moist, is decomposed by exposure to the air; it dissolves' in hot water, 
forming a greenish solution, which becomes blue on evaporation, and js^decolorised by 
hvdrocldoric acid. It is insoluble in alcohol and in ether (Souchay a»d"Lenssen'i 
It explodes when heated. (Ddberciner.) ^ ^ ^ 

j8. Platinic A*rt/^~-According to Bergmann,the precipitate formed hy soda in solution 
•of platinic chloride dissolves in oxalic acid, forming a yellow solution which yields 
crystalsiof the same colour ; but they have not been analysed. 

The oxalates of the phitinammoniuma will be desmbed under Platinum-uases. 
Oxalates of Potassium, a. Neutral salt, C^K^O^H^O.— Obtained by saturat- 
ing either of the acid salts with carbonate of potassium. It forms transparent crystals 
very soluble in water, insoluble in alcohol, and giving off their water (9-7 per cent.) at 
160^. The ci^’stals are moiioclinie, and often have their faces twisted, so tliat they 
exJiibit concavities and convexities. Dominant faces, + P . — P . oePoo . + Pw 
_ Poo . oP. Katio of axes, a: b :c = 06748 : 1 : 1-1572. Anglo of axes, b:c = 
09*5°; + Poo : ooPoo = 130° 35'; — Poo : ooPoo = 148° 20'; + Poo ; oP *= 
118° 40'; - Poo : oP = 142° 10'; - P : oP =r 126° 10'; + P : oP = 106° 54' : 
+ P: - P = 127° 10';+ P: ooPoo 113° 36'; - P: ooPoo = about 129° (De la 
Provostaye, Ann. Ch. Pliys. [3] iv. 464). According toBcrard, neutral potaapic 
oxalate .soraetinies crystallises with 3 at. water. 

jS. Arifl sail, Dioxalate or Illnoxalate of Pofasskm, Salt of Sorrel, C*HKO*.~ 
TJiis salt is contained in the juice of various species of Runiex and Oxalis, whence it 
may be extracted by clarifying the juice with clay, white of egg, or bullock’s blood, 
and leaving tlie clear liquor to crystallise ; it is pn-pared liy tJiis process in large 
quantities in the Black Porcst. It may also be prepared by partially neutralising 
oxalic acid with carbonate of potassium. It forms transparent crystals which have a 
sour taste, redden litmus, dissolve sparingly in cold water, and in 14 pts. of boiling 
water (Wenzel) ; in 4 pts. of boiling water {Weltzien's Syst.)\ in 40 pts. of cold 
and 0 pts. of boiling water {Bers. Lehrb.), nearly or quite insoluble in cold alcohol, 
soluble in 34 pts. of boiling alcohol (see Storer’s Dictionary of Sohihilitics, p. 428). 

The crystals of salt-of-sorrel are commonly said to contain 1 at. water; OTIKO* 
H‘*0. According to D e 1 a P r o v o s t ay c (^w. cit ) they probably belong to the trimetric 
system, having their axes in the ratio 0*9494 : 1 : 4*123 and exhibiting the combina- 
tion Poo . co?oo . ooPoo . ?oo . P^ . PJ. Angle foo ; 001*00 - 103° 38'; ootoo : 
P« = 133° 26'; Poo : Poo = 132°; Px : Pi = 130° 35'; Poo : PS == about 
149° 50'; Poo ; pi = 127° 50. 

According to R am m els berg (Pogg. Ann. xciii. 24), the crystals obtained by half 
saturating oxalic acid with carbonate of potassium contain 4C'*HKOMi*0, and are 
trimetric, having their axes a\b \ c = 0*9478 : 1 : 0*5876,* and exhibiting the combi- 
nation P ; 2P . ooP . ooPoo . oP : 7l’oo , only half of the pyramidal and prismatic faces 
however, being commonly present. Angle oP;7pQo — 103°40';7Poo ilPco (basal)* 
152° 40’ ; 2P : ooP * 149° 39'; P : oP = 139"' 30'. Cleavage perfect {mrallel tooP. 

According to Marignac {Bccharchcs sur lesfornies cristallincs de quelques comjwses 
ckimiques, Qenive 1855; Jahresb. 1855, p. 462), the ordinary crystals of salt-of-sorrel 
arf^nhydrous(C'*nKO^), and belong to the moiioclinic system exliibiting the combination 
coP . cjoPoo . [ exPoo ] . oP . [Poo ] . [2P00 ] . P . + 2P2 + APoo . Angle ooP ; ooP 
(dmod.) = 152° 36' ; [Poo ] : [Poo ] (clinod.) = 119° 40 ; [2Poo ] : [2Poo ] (elinod.) 
■=81^24'; oP: ooPoo * 133° 29'; oP : ooP - 131° 67'; [ooPoo]; [Poo] =, 120° 
Pf ; [oopco]: + 2P2 * 122° 13'. t Cleave very easily parallel to ooPoo ; less 

parallel to [ ooPoo ]. 

In preparing potassio-antimonie oxalate (p. 262), Rammelsberg obtained ciystals of 
acid potassic oxalate containing 2C*HKOMiaO. These crystals, which effloresced very 
quickly, were trimetric prisms exhibiting the combination ooP . oop2 . ooPoo . P , 
;^13. Ratioofaxes, <z; * 0*4590:1:6*1959. Angle ooP : ooP * 130° 42'. 

Anese measurements have been confirmed by Marignac. 

Acid oxalate of potassium is used as a weak acid for scouring metals; also for 
moving ink-stains and iron-mould, the double oxalate of iron and potassium being 
soluble in water, ^ 

bi Provostaye’a measurements, the primary form is a pyramid with its axis seven times as long 
\’V8o«.„fKammeUberg. 

rhombic [ooPoo] and + 2P2 were regarded by Rammelsberg as b longing to a 
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Hyperacid salt. Teiroxcdate or Quadroxdlate of PotasHum, C*H*KO*.2H»0 ot 
C*HKO< C*H*0* 2H-0. — This salt discovered by Savary and Wiogleb, and analysed 
by Wollaston (Phil. Trans. 1808, p. 99), is prepared bysaturating 1 pt. of oxalic add 
ninth carbonate of potassium, adding 3 pts. of oxalic acid and leaving the solution to 
crystallise. A solution of equal parts of oxalic acid and cliloride of potassium aU 
deceits this salt in crystals on cooling. (Anderson, Chem. Soc. Qu. J. i. 231.) 

Hyperacid oxalate of potassium crystallises in beautiful triclinic prisms, sometimes 
nf larire dimensions. Dominant combination ooT . ooPoo . ooP/ . ooPoo . 2P qo 
oP . secondary faces 4^, 4 P'00, F, T, JF, Fi, oo'Pj, p. 

Axes a: b:c'^ 2T0044 : 3*2565 : 1, the axis a being supposed vertical, b directed 
from left to right, c towards the observer. Anglos of the axes a =» 96° IST ; 3 a, 
79° 29' • 7 “ 97° 6'. Inclinations of faces oP : ooP/ « 82° 3(y ; ooPoo c»p' 
111° 20' ; P' : 00 ;P = 146° 33'; oP : 2Foo *= 144° 30'; 2'P, qo : oepoo' ^ 
119^26'; oP': 2F « 148° 10'; 2^oo : ooPoo = 127° 55' (De la Pro vostaye, 

locs cit. The measurements have been confirmed by Kammelsberg). The crystals dis- 
solve in 20*17 pts. water at 20° and give off their wah^r of crystallisation at 128°. 

According to B6rard, this salt is sometimes met with in commerce as salt of sorrel, 
according to Gmelin, when the latter is prepared by half neutralising oxalic acid with 
carbonate of potassium. 

Oxalates of Rubidium. The neutral salt, C*Rb*0*.H*0, crystallises by slow 
evaporation of a cold saturated solution, in irregular imperfectly developed monoclinic 
crystals isoniorphous with those of the neutral potassium-s.alt and exhibiting the com- 
bination P . ooPoo . + Poo . oP. The inclinations of the fiices are approximately 
-f P : + P (din.) = 73°; - P : + P (basal) = 122 to 113^; ooPoo : - P = 
129° to 130° (Piccard, J. pr. Chem. Ixxxvi. 449.) 

The aoid salt, C*HRbOS forms small monoclinic crystals, isomorphous with the acid 
potaissium-sait, and generally exhibiting the combination coP . [ooPoo]. [Poo]. 
[2Poo ] . oP. Approximately, ooP : ooP (din.) = 162° 30'; [Poo] : in the 

same = 122° ; [2Poo ] : [ ooPoo ] = 137^^ 46'. The prismatic faces are vertically 
striated. (Piccard.) 

The hyferand salt, CHI^RbO^, is obtained in large crystals by dissolving the acid 
salt in dilute nitric acid, and leaving the solution to evaporate. (Oraudeau, Ann. Ch. 
Phys, [3] Ixvii. 165.). 

OxALATB OP SiLVEU. C*Ag*0^ — Obtained pure and anhydrous as a white 
crystalline precipitate, by adding oxalic acid to nitrate of silver. It is very sparingly 
soluble in cold, somewhat more in hot water, perfectly insoluble in alcohol and ether. 
It dissolves readily in ammonia and carbonate of ammonia ; the solution turns brown 
when exposed to light, and when slowly evaporated in tlio dark, yields the oxalate of 
silver in largo, hard, shining prisms. It decomposes between 110° and 160°, and de- 
tonates when sudd(mly heatetl. With iodide of metkijlmc, oxalate of silver ^elds dioxy- 
. methylene, C^H‘‘0* together w'ith iodide of silver and a mixture of carbonic anhydride 
and carbonic oxide (Hutlerow, iii. 1006). — With chloride of benzylenefCn.^(jl?,'TX 
yields by a similar reaction, bitter almond oil : 

C’H«C1* + C*Ag®0< = C’H«0 + 2AgCl + CO* + 0. 

With iodide of ethylene, on the contraiy, it yields nothing but iodide of silver and a 
mixture of carbonic anhydride and carbonic oxide : 

C*HH* + C*Ag*0^ « 2AgI + CO* + CO. 

Similarly with bromide of amylene, (Q-olowkinsky, Ann. Ch. Fharm. cxi. 252.) 


Ammonio-oxalate of Silver, 4NH*.C*Ag*0^ =» 




is obtained as a spongy 


tumefied mass by passing dry ammonia-gas over dry oxalate of silver. It is easily 
soluble, has an alkaline reaction, and is decomposed by acids with separation of oxalate 
of silver. (Souchay and Lenssen.) 


Oxalates or Sodium. The neutral salt, C*Na•0^ occurs in a great number of 
plants, and is found in varech, by the incineration of which carbonate of sodium ifl 
obtained. It is anhydrous and dimcult to obtain in regular crystals. 1 pt. of it dissolve* 
in 26*78 pts. water at 21*8°, and in 16 pts. of boiling water (Pohl) ; in 36*4 pts. water 
at ordinaiy temperatures and 24*6 pts. boiling water. (Kammelsberg.) 

The acid oxalate, C*HNa0^.H*0, forms c^stals which redden litmus. 

Sodio-potassic oxalate has not been obtained. A boiling solution of salt of sc^j 
neutralised with carbonate of sodium yields on cooling or evaporation nothing but 
neutral oxalate of sodium. (Kammelsberg.) 


Oxalates of Sthoktium. The neutral salt, C*Sr''0*.H*0, obtained by 
eipitating a strontium-salt with a neutral alkaline oxalate, is a white powder soluble W 
19*20 pts. of boiling water, sparingly soluble in cold, easily in hot solutions of 
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or nitrate of ammonium; retains its water of crystallisation at 100°. Wicke (Ann. 
Cli Fharm. xc. 108), by precipitating nitrate of strontium with oxalic acid, obtained 
a salt in microscopic square-based octahedrons containing C*Sr"0^.3H*0. 

* Acid salt. — Clapton (Chem. Soc. J. vi. 123), by mixing concentrated solutions of 
oxalic Hcid and chloride of strontium, obtained crystals intermediate in composition 
between the neutral and acid omlates of strontium. Souchay and Lens sen once 
obtained a salt containing C2ar'0^C*II«9*.2H«0 or C^H2SF'0».2H*0, by mixing a 
rather strong solution of chloride of strontium with 1 or 2 measures oLJ^ng hydro- 
chloric acid, and 3 or 4 measures of solution of oxalic acid saturatedj|p50°. After 
standing for some days at 0°, the liquid deposited, together with oxalic^ hcid and the 
neutral salt, crusts of an acid salt, consisting of highly lustrous prismatic crystals 
^ith pyramidal summits, mostly united in geodes. These crystals effloresced in the 
air. and were resolved by water into free oxalic acid and the neutral salt. They gave 
by analysis 34*0 per cent, strontia, the formula requiring 34*4 per cent. 

OxALATB OP Tantalum? Oxalic acid dissolves only a trace of tantalic oxide, 
but salt of sorrel dissolves it in considerable quantity, forming a colourless solutioA 
from which alkalis throw down tantalic oxide. (Berzelius.) 

Oxalate of Tellurium? Oxalic acid dissolves telluric hydrate, and the 
solution yields radiate crystalline grains which dissolve easily and without decomposition 
ill Wilier. (Berzelius.) 

Oxalates of Thallium. The neutral salt^ C*T1®0*, is prepared by boiling 
together equivalent quantities of thallic carbonate and oxalic acid in just sufficient 
water to dissolve the product while hot. On cooling, tho oxalate crystallises in small 
white lustrous prisms (Crookes, Chem. Soc. J. xvii. 150^; in small nearly right-angled 
four-sided larainje (Kuhlmann, Compt. rend. Iv. 607). It dissolves in 69-3 pis. water, 
at and in 1 1 pts. boiling water ; insoluble in alcohol. ITydrochloric acid converts it 
into M spongy mass of cliloride of thallium. It may be heated to 271° without appre- 
ciable loss of weight ; but decomposes at a red heat, leaving a mixture of oxide and 
met iillic thallium. (Crookes.) 

Tlie acid salt, C^HTIOMPO, crystallises in largo pearly plates which are slightly efflor- 
escent and give off thoir water at 138°. Dissolves in 18*7 pts. water at 15*6° and in 
li'ss than its own bulk of boiling water, forming a syrupy solution. It is strongly acid 
lu I ost-pMper. (Crookes.) 

Oxalate of Thobinum. C*Th'*'0*.H*0. — Heavy white precipitate insoluble in 
witter, voiy slightly soluble in oxalic acid or in dilute mineral acids. (Berzelius. 
Chydonius, Bogg. Ann. cxix. 43.) 

Pi'ias.sio-ikorinic oxalate. White precipitate insoluble in water and in aqueous oxalic 
acid. Turns black when ignited, and then, if in contact with tho air, leaves a white 
Fiiixturo of thorina and carbonate of potassium. (Berzelius.) 

Oxalates of Tin. a. Stannous salts . — The salt C‘Sn 0^ is obtained easily 
and in large quantity by pouring a solution of tin in acetic acid into boiling aqueous 
oxalic acid. The stiinnous oxalate being nearly insoluble, separates immediately in 
shining neutral anhydrous needles resembling artificially crystallised calcic sulphate. It 
IS insohihle in cold water, and is partially decomposed by boiling water, with production 
of a white salt- (Hausmann and Ldwenthal, Ann. Ch. Pharm. buix, 104). This 
salt treated with warm caustic ammonia yields white stannous hydrate, but with 
'I concentrated solution of caustic potash, it yields anhydrous stannous oxide, 

lydrochloric acid at the boiling heat dis.solves an almost unlimited quantity of stannous 
oxalate ; and, as the solution cools, the whole of tho oxalic acid is deposited in crystals, 
^Inle stannous chloride remains in solution ; but if a little water bo added to the 
solution, stannous oxalate crystallises out, (11. Bdttger, J. pr. Chem. Ixxvi. 238.) 

tannous oxalate dissolves in the oxalates of ammonium, potassium, and sodium, 
forming double salts. 

^^nmonio-stannous oxalate, C*Sn"(NH^)®0®.H®0, is obtained by dissolving stannous 
oxalate in a boiling concentrated solution of oxalate of ammonium, and mixing the solu- 
tion whfm cold with alcohol. It then, after some time, deposits the double salt in stellate 
gPoups of needles which effloresce in the air, are insoluble in alcohol, and have aveiy sweet 
The concentrated solution, when left to itself for somo time, deposits stannous 
xaiate (Hausmann and Lowe nth a 1). This salt is isomorphous with the potas- 

it fuses and detonates when heated. (Bouquet, Ann. Ch. Phaim. 

lAiv. 278.) 

^ota^Bio-stannous oxalate. Obtained : 1. By dissolving recently precipitated stan- 
in a hot concentrated solution of neutral oxalate of potassium ; purified by 
^stellisation (Hausmann and Ldwenthal).— 2. By treating acid oxalate of 
P«ws8ium with a large excess of stannous oxide (Bouquet). — Transparent, colourless 
P smatic ciystalfi which dissolve readily in hot water, less readily in cold water, and 
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are insolublo in alcohol (HausmaniiandL6wonthal).—Bouquot*s salt forms W 
colourless crystals, which dissolve readily in cold water, forming a solution which ^ 
comes milky after a while, and decomposes quickly when boiled, yielding first a whir 
celatinous and afterwards a black precipitate.-- The salt has a strong sweet taste hut 
leaves a bitter after-taste. It reddens litmus^ and is not decomposed when heated 
100° in contact with the air. (Hausmann and Lovyenthal.) ** 

Sodio-stannous oxalate. Prepared like the potassium salt which it resembles (H. and 
L.). Anhydrous and erystallisable (Bouquet.) 

/3. iSta nn io palt. Recently prepared stannic oxide (obtained by precipitating a sola 
tion of stannic chloride with sulphate of sodium) dissolves readily in warm oxalic acid 
and a nearly saturated solution yields by evaporation white shining laraiine containing 
variable quantities of stannic oxide, and becoming by repeated crystallisation con- 
tiinudly poori;r in that substance, till at length pure oxalic acid crystallises out. The same 
solution yields, with sulphuric, nitric or hydrochloric acid — also with alkalis, alkaline 
carbonates, chlorides, nitrates, sulphates, &c. — white precipitates soluble in water and 
Qoutaining The precipitate formed by the fixed alkalis or their 

carbonates becomes insoluble in water, wlien left in contact with it for some time or 
heated with it. (Hausmann and L o w e n t h a 1. ) 

Oxalate op Titanium. Precipitated in the form of a cunly mass, on boiling 
an aqueous solution of a titanic salt mixed with oxalic acid (Laugier). Any ferric 
oxide that may be contained in the liquid rein.ains in it for the most part. The dried 
precipitate imparts to moist litmus-paper a red tint, which nearly disappears on drj'ing. 
The precipitate is soluble in excess, bot h of tiqiieous oxalic acid and of hydrochlorate of 
titanium. Contains 12TiO*.C^TiO“.l2TTO. (II. Rose.) 

Oxalates op Uraniua# o. Uranous salts. — TTrtinous oxalate, C^U"O^3H*0 
is a greenish-white precipitate obtained by mixing a solution of uranous chloride with 
oxalic acid ; gives off 2 at. water in vji(?no. 

Ammonio-umnous oxalate. CXNH^)*U"0® is obtained in ciystals by boiling rercntly 
precipitated uranous hydrate in a solution of acid oxalate of ammonium (Ram rads, 
berg), — Potassio-uranoiis oxalate obtained in a similar manner is a grey powder. 

$. Uranic salts. Urania oxalate ot Oxalate of r/ra«;y/, C®(U'''0’)"0^3II*0, is de- 
posited in crystalline grains on mixing a warm concentrated solutionof uranic nitrate with 
oxalic acid, and leaving the solution to cool. The air-dried salt heated to 100°— 120° 
gives off nearly 9 per cent. (2 at.) water, which it takes up again on exposure to the 
air ; at 300° the mono-hydrated salt turn.s brown and is converted almost instantly, 
with evolution of water and carbonic anhydride, into a copper-coloured powder of 
uranous oxide, whieh by ignition in the air is converted into green uranoso-iuanic 
oxide: C‘''(lT-0-V'fP = 2UO + 2CO*. (Ebelmen, Ann. Ch. Phys. [3] v. 189.) 

Uranic oxalate is nearly in.soluble in cold water, dissolves in 30 pts. of boiling Wiitor, 
is more soluble in acids, and dissolves easily in the oxalates of ammonium and potas- 
sium, forming double salts which crystallise on cooling, 

Animomo-nramc oxalate, (P(NII^*)‘(U''0'-y"0'*.4H‘0, is obtained in fine transparent 
yellow crystals by dissolving uranic oxalate in warm aqupons ammonia (P e li got). The 
crystals are trimetric prisms, exhibiting the combination f c» . oopao . oof 2 . ooP. ooPoo. 
Axes a \ b: c = 0*6686 : 1 : 0*r)941. Angle Poo : f oo =112° 28' : oofoo : oot2 = 
ISO"" 55' : ooP2 : ooP = 160° 45' : f « : oof2 = 115° 15'; foo : ooP = 106° 30'. 

Potassio-uranic oxaJate, C‘‘K*(U‘0*)*'0*.3H*0, forms monoclinic prisms permanent in 
the air and giving off all their water of crystallisation at 100°. Dominant faces »P, 
ooPx,oP. Angle ooP : ooP » 131° 2' ; ooP : ooPoo = 114° 20'; ooP : oP 
111° 28'. (Ebelmen.) 

Oxalates of Vanadium.— oxalate. — Aqueous oxalic acid saturated 
with hydrated vanadic oxide yields on evaporation a light blue, translucent gum, which 
dis.solves slowly in cold water, more quickly in hot water. The aqueous solution mixed 
with^ a large quantity of oxalic acid yields by spontaneous evaporation blue crystals 
readily soluble in water. (Berzoliu.s, Pogg. Ann. xxii. 33.) 

Potassio-vanadic o.valate. Salt of sorrel satunited with hydnited vanadic oxide 
dries up to a dark blue, amorphous varnish, which dissolves slowly in water. (B«r* 
ze.lius.) 

Oxalo-vanadic acid. When vanadic oxalate is evapomted with nitric acid, and the 
msidue treated with water, the greater part dksolves, forming a yellowish-red solation, 
which on evaporation leaves oxalo-vanadic acid in the form of a reddish-yellow, amor* 
jihous extract, likewise soluble in water. An excc.s8 of oxalic acid immediately reduces 
the vanadic acid to vanadic oxide. (Rerzeliu s.) 

OxALATR OP Yttrium, C*Y"0^3H^O. — White precipitate, bulky andcurdjr 
first, but shrinking together after a while; insoluble in water, aqueous oxalic anddilot® 
hy<lrochloi*ic acid^ but soluble in nitric and in strong hydrochloric acid (Berlin)* 
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Tl is description applies strictly, not to pure oxalate of yttrium, but to a mixture of the 
^ alates of yttrium, erbium, and terbium ; the pure yttrium-salt is more soluble in 
than the oxalates of erbium and terbium, a property which affords th6 means of 
-narat iug yttria from erbia and terbia. (Mosander.) 

^ Oxalate of yttrium and •potassium^ C^.K®Y"0», is a heavy white precipitate, insol- 
uLlo in water. 

Oxalate of i^iNC. C*Zn''0^2IP0. — White precipitate, insoluble in water, sol- 

uble in hydrochloric acid and in ammonia, also in a warm solution of sal'^mmoniac. 

Oxalate of sine and anmionium. — o. Deposited in needles when oxalic acid is 
■\(Kled to an aqueous solution of chloride of zinc supersaturated with ammonia. (Wack- 
ejirodcr, Ann. Oh. Pharm. x. 63.) 

/ 3 . WTieii an aqueous solution of acid oxalate of ammonium is digested with car- 
bonate of zinc till it is completely saturated, oxalate of zinc separates out, and the ti- 
trate when evaporated leaves milk-whito nodules, containing C‘\>iH^)^Zir0'‘‘‘.3H*0, 
whifli slowly effloresce and give off water, are nearly insoluble in cold water, but are 
liccoinposod by hot water, with separation of carbonate of zinc. (Kayser, Pogg. Ann. 
lx. HO.) 

Oxalate of sine and potassium. C^K*Zn"0*.4H*0. — A concentrated solution of 
normal oxalate of potassium boiled for some time with oxalate of zinc, and then tilterod, 
\ielda, on cooling, small transparent efflorescent tables, nearly insoluble in cold water, 
and decomposed by boiling water, with separation of oxalate of zinc. (Kayser.) 

Oxalate of Zikconium. — O xalic acid and oxalateof aininonium added to solu- 
tions of zirconium-salts, tlirow down a white opaline flaky preciiiitate, insoluble in 
water iiud in boiling aqueous oxalic acid. (Dubois and Silveira.) 

OXAXiXC ACXl>y AUKZSXSS OZ”. Oxalic iicid, like other dibasic acids of tho 
fic'ries should yield four normal amides by elimination of water from its 


acii.1 and neutral ainmonium-salts, thus: 

CTr(Nn«)o* - H^o 

Acid ammonium-aalt. 


)n 

cmcsiv)0* - 

Acid ammonium-salt. 

2H«0 

Oxamic acid. 

C’HNO» = 

V ^ J 

C^NIPy-'O^ - 

Neutral ammo- 

2H*0 

Oximidc (unknown). 

C'H*N*0* = 

V 

nium-salt. 

cxNn«)‘^o« - 

Neutral ammo- 
nium-suit. 

4H»0 

C*N». 

Oxanitrile 

(Cyanogen). 

Qxamtde. 


The hydrogen in oxamic acid and oxaraido may be more or less replaced by alcohol- 
radicles, thus giving rise to alkalamidcs, e.g. Methyl-oxamic acid, C*H*(CH*)NO“ ; 
diethyloxainide, C^H‘^(G*H*)*N'^0'^, &c. (Soo Oxamio Ethebs and Oxamide.) 

There is also a iiumbor of other bodii*s, chiefly derivatives of uric acid, which may be 
regarded, with rcspc^ct to their constitution and transformation, but not to their mode 
of formation, as amides of oxalic acid of a more complex character, namely as deriving 
from two or more molecules of oxalic acid by addition of ammonia and abstraction of 
water, e.g. 

(C*OT) 

2C*IPO^ + 2NH» - 4H^O « C*H*N*0« (C^O^y^N* 

H* > 

Dioxalylamide or Alloxan. 


2C»H*0< + 2NH* - 3H*0 




(C*OT)n» 

Dioxalylamic acid or Alloxanic acid. 

Other compounds of the same family maybe derived in a similar manner from 
molecule of oxalic acid and a molecule of another acid, thus : 

0*H20« 

C»H*0* 

Oxalic acid. 

2C*H*0< 

Oxalic acid. 


+ CO* + 

2NH* - 

3H*0 


C*H®N*0* Parabanic acid. 

+ CO* -h 

Carbonic 

anhydride. 

2NH* - 

2H*0 

** 

C=*H*N*0* Oxaluric acid. 

+ CH*0* + 

2NH* - 

3H=0 

a 

C*H*N-0* Parabanic acid. 

+ CH*0* + 

Formic acid. 

4NH* - 

7H»0 


C*H*N<0* Uric acid. 
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C*H*0< + 
2C*IPO« + 

Oxalic acid. 

CIPO* + CO* + 

CH*0* + CO* + 

Formic Carbonic 

acid. anhydride. 

4NH* 

4NH* 

- 611*0 
- 7H*0 

- C‘H‘N‘0*0xal«nS;. 

C*IPO" + 
3C*H*0‘ + 

Oxalic acid. 

C*H*0*. + 2NH* — 
C*IPO* + 4NII> - 

Glyoxalic 

acid. 

311*0 

8H*0 

1 = C^H^N*0* Dialuric acid. 

« C“II^N*0’ Alloxantin. 

C*H*0^ + 

enpo* + 

Oxalic acid. 

C*H*0* + CO* -i- 
C*H*0* + CO* -h 

Glyoxalic Carbonic 

acid. anhydride. 

4NH* 

4NH* 

OO 

to ^ 

1 1 

« CWN*0* Uric acid 

= C^H«N«0< Pseudo- 

Tiric acid. 

All these compounds have been or 
See also Uric Acid, Derivatives of. 

wiU be 

described in 

their alphabetical places, 


OXAlbZC ETBZSRS. Oxalic acid forms with monatomic alcohul-radielos two 
series of ethers, analogous to the neutral and acid metallic oxalates. Only those of 
methyl, ethyl, amyl and allyl have however been yet obtained. 

The neutral ethers of the monatomic alcohol-radicles are produced by the action of 
dehydrated oxalic acid on the corresponding alcohols, or by distilling the alcohols witli 
sulphuric acid and oxalic acid or an oxalate ; or by passing hydrocliloric acid gas into 
a solution of oxalic acid in the alcohol. They are volatile without decomposition in 
the dry state, but in pre8(‘nco of water, base.s, or acids, they are easily resolved into 
oxalic acid and an alcohol. Sulphuric acid decomposes them, with elimination of carbonic 
oxide and production of carbonic, or under certain conditions, of formic ethers. With 
ammonia they yield eitluir oxamide or ethers of oxamic acid. When treated with the 
zinc-compounds of the alcohol-radicles and afterwards with water, they yield ethers of 
the lactic or glycollic series. With chlorine they yield chlorinated ethers. 

The acid ethers of oxalic acid have not been so fully examined as the neutral ethers, 
only those of ethyl and amyl being known. They are obtained as bye-products in the 
prcjparation of the neutral ethers ; ethyl-oxalic acid also by the action of alcoholic potash 
on neutral et hylic oxalate. 

An oxaluto of the diatomic radicle ethylene appears to be produced by the actioD 
of bromide of ethylene on oxalate of silver. 

Oxalate of Allyl, C^IT'^O* = C-(C®IT*)''*0^--Produced by digesting oxalate ol 
silver with allylic iodide and anhydrous ether at 100^, and rectifying. It is an oiljf 
liquid, smelling like oxalate of ethyl, with a slight admixture of the odour of mustfird- 
oil. Specific gravity 1*055 at 15°. Boiling point 206° — 207'^. (Hofmann and 
Cahours.) 

Oxalates of Axnyl. o. Neutral Amylic Oxalate, = C®(C*H")-0^ 

(Balard, Arm. Ch. Phys. [3j xii, 311. ) — When potato fusel-oil or pure amylic alcohol 
is treated with a large excess of crystallised oxalic acid, two liquids are formed, thf 
lower being watery and consisting of a saturated aqueous solution of oxalic ach^ 
wliile the upper is oily, has a strong odour of bugs, and deposits oxalic acid on cooling 
On distilling this oily liquid, the temperature gradually rises, and amylic oxalate distils 
over. It may be purified by redistillation. 

Amylic oxalat(3 is an oily liquid having a very decided odour of bugs. It boils ai 
262°. Vapour density 8*4. It is decomposed by Wflfer and more quickly by aqueoui 
alkalis, yielding amylic alcuhol and an oxalata. By aqueous ammonia it is converted inh 
amylic alcohol and oxamide ; by gaseous or alcoholic ammonia into amylic alcohol ant 
amylic oxamate. Treated with zinc^ethyl and then with water, it yields amylic dieth 
oxalate or amylic leucate (see page 274). On account of its high boiling point, it maj 
be used for the preparation of other amylic ethers by double decomposition. 

Chancel has obtained mcthyl-amylw oxalate, and cthyUamylic oxalate by proctws* ! 
similar to that which yields the oxalate of methyl and ethyl (p. 271). 

Amtloxalio Acid, = C2(C*H”)HO^ Oxalamylic acid. Acid oxalate <1 

amyl (Balard, Ann. Ch. Phys. [33 xii. 309). — The oily liquid obtained as above b; 
heating amylic alcohol with oxalic acid yields, when saturated with chalk, a solutioi 
of amyloxalate of calcium which crystallises on cooling. This salt serves for the pre 
paration of the other amyloxalates. 

Amyk>xalic acid is an oily liquid having an odour of bugs. By dry distillation i 
yields neutral oxalate of amyl, carbonic oxide and carbonic anhydride : 

2C*(C'^H»‘)HO* * C*(C»H'»)*0< + CO + CO* + H*0. 

The amyloxalates are very unstable, their solutions when boiled reproducing amyh 
alcohoL 
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The potassium-saU forms beautifiil nacreous laminae, greasy to the touch. — Tlie caU 
‘um-salt^ C'^H®*Ca''0®.2H*0, crystallises in beautiful crystalline scales, more soluble 
^ cold than in hot water. Exposed to a current of dry air at 100°, it decomposes 
“lyljing amylic alcohol. The silver^salt^ C’H“AgO*, forms anhydrous scales having a 
Jacreous lustre, sparingly soluble, and very greasy to the touch. It gradually alters, 
even when diy,. especially if exposed to light. 

oxalates of BtbjL a. Neutral Ethylic Oxalate, »= (C^H®)-* | 

Oxalic cOier , — This compound was discovered by Bergmann (^Opuscula^ i. 256) and 
has been more particularly investigated by Th^nard(M^m. d' Arcueil, ii. 11), Bauhof 
(Schw. J. xix. 308), Dumas and) Boullay (J. Pharm. xiv. 113), Dumas (Ann. Ch. 
Phys. liv. 227), Lowig ( J. pr. Chcm. Ixxxiii. 129), and Erankland and Duppa 
(p. 272). 

formation. — 1. By heating alcohol with oxalic acid, more readily in presence of 
sulphuric or hydrochloric acid. — 2. Together with chlorethylic formate and hydro- 
cblcric acid, in the decomposition of perchloromethylic oxalate (p. 272) by alcohol, 
(Cahours, Ann. Ch. Phys. [2] xix. 348). — 3. In the preparation of crude aldehyde 
by distilling a mixture of equal parts of manganic peroxide, sulphuric acid, and spirit 
of 20 per cent. (C. Schmidt, Ann. Ch. Pharm. Ixxxiii. 330.) 

Prqxiration. — 1. One part of acid potassic oxalate (salt of sorrel) is mixed with 1 pt. 
alcohol and 2 pts. strong sulphuric acid ; the mixture is distilled ; water is added as 
soon as the distillate begins to show turbidity, the receiver then changed, and the dis- 
tillation continued without cooling. On mixing the distillate with water, the oxalic 
ether separal t‘8 and falls to the bottom ; the water is then removed with a pipette, and 
the ether washed and rectified. (Dumas and Boullay.) 

2. A more expeditious and productive method is to heat dehydrated oxalic acid with 
alcohol. Mitscherlich heats 1 pt. of effioresced oxalic acid with 6 pts. ab-solute 
alcohol, distils till the temperature of the liquid in the retort ris(!S to 140°, then pours 
kick the alcohol which has passed over, and dist ils till the llnTmomcter rises to 165® ; 
the remaining liquid, consisting chiefly of oxalic ether, is repeatedly shaken with 
■water and rectified over oxide of lead. — According to Lowig, a much smaller quantity 
of alcohol is sufficient for the purpose. He pours 1 Jib. of absolute alcohol, or spirit of 
97 or 98 p(’r cent., on Iflb. of dehydrated oxalic acid; distils slowly till the ther- 
inoineter rises to 130°, and then distils the product quickly off. The distillate thus 
obtained consists of oxalic ether, with a considerable quantity of formic and a small 
qunntity of carbonic ether. 2800 grms. of dehydrated oxalic acid thus treated yield 
1800 grrn.s. oxalic ether and 600 grms. formic ether. An additional quantity of oxalic 
and fonnic ctlicr may be separated from the distillate which goes over below 120°, by 
neutralising with carbonate of potassium. Those ethers may be separated by fractional 
distillation, the formic ether passing over between 55® and 75°, the oxalic ether at 
about 185°. — According to Kekul6 {Lchrbtichy ii. 15) the best mode of preparation is 
to dissolve doliydrated oxalic acid in not more than twice its w'eight of absolute alcohol, 
saturate with dry hydrochloric acid gas, precipitate tlie ether with water after the liquid 
lias stood for several hours, wash it several times with water, dry over chloride of cal- 
cium, and rectify. 

Considerable quantities of oxalic ether are obtained by merely leaving oxalic acid in 
contact with absolute alcohol for a few weeks, best at 40° — 60°. (Liebig, Ann. Ch. 
Pharm. Ixv. 350.) 

Properties. — Ethylic oxalate is a colourless oily liquid, having an aromatic odour, 
specific gravity = 1 0929 at 7'5° (Dumas and Boullay) ; 1-0824 at 15°, Mendelejef 
(Pogg. Ann. cxl. 229). Boiling point 183° — 184® (Dumas and Boullay), 186° 
(Kckiil<^). Vapour-density, obs. *= 6*087 (Dum as and Boullay), 6*10fCahou rs), 
calc. = ,')-06. It is very sliglitly soluble in waUr^ but dissolves easily in (dcohol. 

P(‘compofiitiori.*i. — 1. Ethylic oxalate is decomposed by contact with water, yielding 
alcohol and oxalic acid. Boiled with aqueous potash or soda, it is quickly .'onverfed 
into alcohol and an oxalate of the alkali-metaL— 2. Its alcoholic solution mixed with 
clcokutic potash yields alcohol and a precipitate of ethyl-oxalate of potassium : 


C*(C*H*)*0^ + KHO « C*(C'-H®)KO» + C*H".H.O. 

3. Aminonia-gas decomposes it into alcohol and ethylic oxamate (oxamethane) : 

H* 


(C*0*Y 

(C*H® 


Tl 

’)*{ 


0* + NH* 


Ethylic oxalate. 


cmno 

Hf 

Alcohol. 


,y,]N 


(c*o«y' 

Ethylic oxamate. 


With aqueons ammonia it yields alcohol and oxamide : 
J O* + 2NH« - 
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6. With cthylamine, in like mannori it yields diethyl-oxamide (C*0*yYC*H®^*IT2Vi 
and with ethylicdiethyloxamate (CWy'^Q ; while triethylamine does 




not act upon it. On these reactions Hofmann has founded an easy method of 
nting the bases produced by heating ethylic iodide with ammonia (ii. 566). SimilarU* 
with the meihylamines (iii. 998). ' ^ 

6. Ethylic oxalate is converting by 'potassium or sodiwn into ethylic carbonate with 

evolution of carbonic oxide : — C(C'^IP)*0* + CO ; the reaction is 

complicated however by the formation of several other products, amongst which is a 
black substance called by Lowig and Weidmann, nigric acid (see Gmelin*s Hand- 
book, ix. 181). 

7. When ethylic oxalate is agitated with sodium-amnlgam in a vessel externallv 

cooled, a product is obtained which is separated by ether into a soluble and an in- 
soluble portion, the latter consisting of fermentable sugar together with sodic oxnlahi 
and at least one other sodium-salt, while the ethereal solution yields by spontaneous 
evaporation, crystals having tlie composition and consisting of the ethylic 

ether of atribasic acid C*lPO", called des oxalic acid, because it is produced by dp. 
oxidation of oxalic acid : + 6H^ = 20*H®0* + 4H‘^0, and race mo- car- 

bonic acid, because it contains the elements of racemic acid, C'‘H**0‘*, and carbonic 
anhydride, CO“, and is resolved into those two compounds when its aqueous solution is 
heated in a sealed tube with a small quantity of sulphuric acid (L d w i g). The decom- 
position of ethylic oxalate by sodium-amalgam has not boon completely investigated, 
but the formation of raccmo-carbonic acid and sugar may bo represented by tlni 
equation : 

8CHPO^ + 14H2 = 2C»IPO« + + lOlPO. 


Oxalic acid. Itacemo- Olucosc. 

carbonic acid. 

(See RACEMo-cAiinoNio Acid.) 

8. Ethylic oxalate treated with sinc-eihyl or with zinc and ethylic iodide (which 
produce zinc-ethyl) and afterwards with water, yields ethylic diethoxalate or lencic 
ether, C®H”(C*H*)0* ; and homologous products, in like manner, with smc-mcthijU\\\\ 
zinc-amyl. (Fran kl and and Duppa, see page 272.) 

Combination . — Ethylic oxalate unites with stannic-chloride, forming a crystalline 
compound C*H*®()^SuCF. 

Perchlorethylic Oxalate, C*CI*®0^— This compound, also called Perchlorovink 
oxalate, Chloroxalic ether, and PerchJ^oroxalic ether, was discovered and investigated by 
Malaguti (Ann. Ch. Phys. [2 1 Ixxiv. 299). It is produced by the action of cliloriiif 
on oxalic etlicr in sunshine. It is colourless, crystallises in quadrangular lamin.i'. is 
destitute of taste and smell, perfectly neutml, transparent when newly prep.ared, hut 
becomes opaque after some time. It melts at 114^ with incipient decomposition, h 
is in.soluble in wati r. When cxpo.sod for aome time to moist air, it becomes acid, givt s 
off fumes and ultimately lifiuefies. Alcohcl, vmod-spirlt, amyl-alcohol, oil of turpenthe, 
and acetone decompose it ininKuliately ; common ether, acetic ether, and several other 
ethers, less riapidly. 

pvy am7nonia-gas converts it into pontachlorinated ethylic oxamate, forming at the 
same time another amide (probaldy trichloracetamide, and one or two ammonium-salts). 
With aqueous ammmia it yields oxamide and trichloracettunide. The reactions with 
ammonia appear to take place as shown by tlie equations : 


0«C1>»0* + 2NH" = CWC1»N0» -p C^H^CPNO + 2HC1. 

Chtoroxamethane. Trichloracetamide. 


C<H*OPNO» -I- 2NH» = C*H*Cl»NO + C*H«N*0* -f 2HC1. 

Chloroxamethane. Trichloracetamide. Oxamide. 

With alcohol it yields a number of compounds among which are trichloracetic acid, 
hydrochloric acid, chloride of ethyl, and an oil called c hloroxot hide which Malagwti 
represent-s by the formula C"C1'®0^ (p. 271). When inethylic alcohol is dropped Tipe» 
chloroxalic ether, hydrochloric acid is evolved, and on adding water after the mixture 
has cooled, an oily mixture of oxalate and chlorocarbonate of methyl is precipitated. 

Potash converts chloroxalic ether into oxalate, trichloracetate, and chloride of po^®' 
sium : 


C«ci>®0* + 4H*0 = C®H*0< ^ 2C*HCP0* + 4HCL 

Chloroxalic ether several times subjected to rapid distillation is 'converted into 
chloride of carbonyl (phosgene gas), oxide of carbon, and chloride of tricbloracetyl : 


C«C1««0® COCP + CO + 2(C*C1»0.C1). 

^^en kept in a closed vessel, it appears to undergo after a while the same changes 
when heated. 
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jiihyl-methyUe C‘H»0* - WCH'XCPHOO* (Chancel, Compt. 

CUim. pp. 373, 403). Iroduced by the actiou of etliyl-eiilphate of potassium on 
the methyl-oxalate, or of the methyl-sulphate on the ethyl-oxalate: 

(CH>)KSO^ + C*(C*H»)KO^ « K2SO* + C*(CH*)(C*IP)0*. 

It i» a transparent colourless liquid having a faint aromatic odour. Specific gravity 
1-27 at 12°. Boils between 160® and 170®, distilling without alteration. Vapour- 
density 4*677 (calc, for 2 voL «= 4*6508). It burns with a bright flame blue at 
the edges. 

It does not dissolve in water without decomposition : cold water and damp air de- 
compose it slowly; boiling water dissolves it completely, decomposing it however into 
mfthylic alcohol, ethylic alcohol, and oxalic acid JPotanh d(>composea it immediately 
\t'ithout the aid of heat. Anwionia also decomposes it rapidly, forming a precipitate of 

oxamide. 


Ethtloxalic Acid, C‘.TI®0^ <= C^H(C*n®)0^. Oxalovlmc acid. Acid oxalate of 
(Mitscherlich, Pogg. Ann, xxxiii. 332).— The potassium-salt of this acid 
is produced by adding to a solution of oxalic ether in absolute alcohol, a quantity of 
alcoholic jiotJish less than sufficient to form oxalate of potassium ; and on dissolving 
this salt ill hydrated alcohol, carefully saturating with sulphuric acid and neutralising 
with carbonate of lead or barium, the ethyl-oxalate of lead or barium is obtained. 

The acid itself is prepared by decomposing either of these salts with sulphuric acid ; 
but it is very unstable and is decomposed by concentration into alcohol and oxalic acid! 

potassium-salt, C*(C®H^)KO\ forms crystalline scales which begin to decompose 
towards 100®. 

Pentachlorethyloxalic acid or Chloroxalovinic acid, CTICPO^ (Mala- 
guti, Ann. Cb. Phys. [2] Ixxiv. 308). — This compound is not produced by the action 
of fihloriiK: on ethyl-oxalic acid, but 1. In the decomposition of perchloroxalic ether by 
alcohol ([). 270).— 2. When chloroxetliide is treated with cold aqueous solutions of the 
fixed alkalis.— 3. When pentachlorinatcd o.xamato of ethyl is treatixl with aqueous 
ammoiiia : 


C<NTPCPO® + IPO = CXNH<)CPO^ 

It may be prepared by placing the last-mentioned compound in contact with aqueous 
ammonia till it is completely dissolved, and evaporating in vacuo, whi'reby crystallised 
cliloroxaloviiiale of ninmonium is obtained. This salt is dissolved in water; the solution 
mixed with carbonate of sodium and evaporated, first on a sand-bath, afterwards in 
vacuo over oil of vitriol ; the chloroxalovinate of sodium is extracted from the residue 
by iibsolute alcohol ; the soda precipitated from this solution by the exact quantity of 
sulplinrio neid rcxiuired ; the liquid filtered ; any oxcc.ss of sulphunc acid that it may 
contain precipitated by baryta-water; the liquid filtered again; and the alcoholic 
solution of chloroxalovinic acid evaporated to the crystallising point, first over the 
water-bath, and then in vacuo. 

It forms colourle.ss needles, which melt at a gentle heat ; has a buimiiig taste, and 
forms a white spot on the tongue; if placed for a wdiilo on the back of the hand, it 
produces violent pain and a white spot surrounded with an inflamed ring. It dissolves 
in all proportions in water and deliquesces very quickly in the air. It dissolves also 
in alcohol and in ether. 

Tlie is crystalline ; may be fused without decomposing; ta^es very 

bitter and pungent ; has a fiiint acid reaction. When heated to the boiling point, it 
decomposes, without evolving amnion i.i, and gives off thick vapours smelling of acetic 
acid. It deliquesces and turns yellow in the air, but becomes white again when dried 
111 vacuo. 

Makguti has described a substance which he calls anhydrous cUoroxalovinia acid, 
or (hU>rox(iMd.c, C*01*®0’’, but which appears to be meroly'a liquid modification of tho 
preceding. It is obtained, among other jiroducts, by the action of alcohol on perchlor- 
' W76- ether (p. 270). ^ It is quite neutral when newly prepared, but quickly turns add by 
contacl. with moist air. It boils at 200®, becoming coloured at the same time. It is 
insoluble in water, but soluble in alcohol and in ether. Ammonia converts it into 
^hloroxamcthane. 


Oxalate of Ethylene. Oxalate of glycol . — This com- 

to be produced by the action of l)romide of ethylene on oxalate of silver, 
the product with ether, treating the ethereal solution with slaked lime, 

, I . -**ig the filtrate, a liquid was obtained, having a peculiar sweet taste, in- 

in water, boiling with decomposition at a high temperature, and yielding 
^itamide when treated with ammonia. (Wurtz, Ann. Ch. Phys. [3] Iv. 400.) 


rmna appears 
By cxhau.sting 

illd evanrvpMl ii 


Oxalates of Methyl," Neutral Metiiyijc Oxalate, C^IPO® = 
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(Dumas and Peligot, Ann. Ch.Phy8. [2] Iviii. 44.— -Weidmann and Schweizp 
Pogg. Ann. Ixiii. 602.— Wohler, Ann. Ch. Pharm. Ixxxi. 376).— this compound 
obSSned by distilling a mixture of equal parts of sulphuric acid, oxalic acid, and wood* 
spirit; or by drenching 1 pt. of salt-of-sorrel with 1 pt. wood-spirit and 1 pt. 
phurie acid, leaving the mixture to stand for some time, and then distilling. Towards 
the end of the distillation, methylic oxalate passes over nearly pure and crystallises in 
the neck of the retort. The liquid product which first passes over also yields crystal- 
Used methylic oxalate when left to evaporate. 

Methylic oxalate crystallises in colourless rhombic tablets, melts at 51°, and boils at 
161°. It is soluble in waler, alcohol^ and etker^ but the aqueous solution quickly de- 
composes into oxalic acid snd methylic alcohol. The same decomposition is produced 
still more quickly by caustic potash or soda. With aqueous ammonia it yields oxamide • 
with gaseous ammonia^ methylic oxamate (oxamothylane) ; with zinc-ethyl it yields 
methylic diethoxalate and homologous compounds {infra). 

Chloromethylic oxalates (Malaguti, Ann. Ch. Pharm, xxxii. 49). — Chlorine 
gas acts very slowly on fused methylic oxalate in ditFused daylight, forming a liquid pro- 
duct which appears to be dichloromothylic oxalate, C^IPCPO* s= C“(CHC1*)*0*, 
insamuch as it is immediately resolved by water into carbonic oxide, oxalic acid, and 
hydrochloric acid ; 

C'n*CPO* + 2H*0 * 2CO + C*H»0< -f 4HC1. 

In sunshine, chlorine acts more strongly, producing nacreous laminae oftrichloro- 
methylic oxalate, C*(CCP)®0\ which smell of chloride of carbonyl (phosgene) and 
are resolved by heat into that compound and carbonic oxide : 

C^CPO* » CO + 3COC1* 

With alcohol they yield ethylic oxalate, ethylic chloroformate, and hydrochloric 
acid ; 

C*(CC1»)*0< + 4C*IPO == C*(C*n*)*0* + 2CC1(C*H»)0» + 4lia 


Compounds produced hy the action of Zinc-ethyl^ ^c., on the Oxalic ethers. 
When the oxalates of the alcohol-radicles are treated with zinc-motbyl, ziiic-otliyl, 
&c., ethers are produced, the acids of which may be regarded us oxalic acict^^jp^ 
in which 1 atom of oxygen is replaced by an equivalent quantity (2 at.) of an alcohol- 
radicle, or what comes to the same thing, as glycollic acid jp j 0*, in which 2 at. 

hy^ipgen belonging to the radicle glycollyl are replaced by 2 at. of an alcoliol-radicifr 
thus': 

Dimethoxalic or Dimethoglycollic acid 
Ethomothoxalic or EtliomethoglycoUic acid . 


C‘H.o» = [C’(cn 70 ]''|o, 




p^ethoKalic or Diethoglycollic acid . . C“H‘*0* = 

jkShydroxalic or Amoglycollic acid . . C^H**0* « 

Ethamoxalic or Ethamoglycollic acid . . C®IT*"0* «= 

Diamoxalic or Diamoglycollic acid . , C*®H*^0* = 


[C*(C*ir'‘)(CH=«)0]' 

[C*(C*HJOr|Q, 

[C2(CMT'‘)HOriQ2 
IT* { 

[C*(C*H»XC*H*)Of|o, 


[C*(C»H")*0]' 

H* 


0» 


These acids are therefore homologues of glycollic acid, — also of lactic acid 
whidb may be formulated as methydroxalic or methoglycollic acid, |o* 

The first in the above list is isomeric or identical with butylactic, the second with valpw- 
lactic, the third with leucic acid, Frankland (Proc. Roy. Soc. xii. 396) obtain^ 
ethylic leucate or diethoxalate by the action of zinc-ethyl on ethylic oxalate, and the 
ethew of th^ other acids of the series have been obtained in like manner by Frank- 

those of the acry^® 


land and Duppa (Proc. Roy. Soc. xiii. 140; xiv. 17, 79, 83, 191). 

The acids of the glycollic or lactic series C“H*"0* differ from th 
series C"II*^*0* (i. 63), by 1 atom of water : e.g. 

C»H«0» H»0 s C>H‘0* 

Lactic acid. Acrylic acid. 

And it has lately been shown by Frankland and Duppa (Chem. Soc. J. annw* 
that by the action of trichloride of phosphorus, which abstracts the elements 
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. ethers of the glycollic or lactic series may be converted into the ethylic 

rs of a series of acids isomeric with tlie natural acids of the acrylic series. As the 
^rs are of course included under the same general empirical formula as the acids 
tl >mselves (each ether being formed from its corresponding acid by addition of C*H^) 
the reaction may be represented by the general equation : 


3C"H*“0» + • PCI* 

+ PCI* 

Ethylic leucate. 


30n*»-W + PH«0» + 3IIC1 

3c*n'*o» + pn»o» + 3HC1 

Ethylic etho- Pluisphor- 
crotonate. ous acid. 


The ethers thus obtained may be converted into potassium- or barium-salts, and 
thfse into the corresponding acids, in the usual way. In this manner have been obtained : 


Mcthacrylic acid, isomeric with Crotonic acid . . , 

Mcthocrotonic acid, isomeric with Angelic acid , . . C®H“0* 

Ethocrotonic acid, isomeric with Pyroterebic acid ^ 

Ethoinctliocrotcnic acid, isomeric with Damaluric acid . C^H**0* 


fFor further details respecting the relations of these two series of acids, also of the 
acids of the acrylic to those .of the acetic series, see Appendix.] 

We now proc( 3 (!d to describe tin? prc*paration and properties of the several acids of 
the glycollic series above mentioned. 

1. Dlethoxallo, Bletliofflycollio or Xieuclo Acid, Ethylic oxalate 

treated with zinc-ethyl and afterwards with water yields ctliylic leucate together with 
alcohol and hydrate of zinc. The final result may be thus stated : 

+ Zn"(CnP)2 + 2TPO = C«H'XC*IT“)0* + Cm^^O + Zu^'H*0» 

The reaction howover takes place by two stages : the first product is a solid resin- 
0113 -looking mass consisting of zinc-monethyl-ethyli c leucate, C‘®H*®ZnO*, — a 
cornpoimd derived from oxalic ether by the substitution of 2 at. ethyl for 1 at. oxygen, 
and of 1 at. zinc-moncdhyl, ZnCTT', for I at. ethyl,— and this compound when treated 
with water is resolved into ethylic leucate, alcohol, and zinc-hydratc: 


0* 


(C*’1P)^ 

Etliylic oxalate. 


2Zu' 




Icm^ 

Zinc-ethyl. 


Zn(J*IP 

c;*jp 

ZinC'inoncthyt 
ethylic leucate. 


|o. 


Zn 




Zinc-ethylo- 

ethylate. 


ZnC-H^ Co* + 2IP0 

C=IP j 

Ziiic.moiietbyUelhylic 

loiicate. 


[WCTP)*or) 

H ^0* + 

C»H* ) 

Ethylic leucate. 


c?n»)n, • Zn"i 

II + H*SO 

Alcohol. Zinc- 

hydrate. 


In tins and in all the analogous reactions, it is found advantageous to use, instead of 
zinc-ethyl, &c., a mixture of ethylic iodide and amalgamated zinc, whereby the organo- 
zinc comj)Ound is generated during the reaction, and the trouble of specially preparing 
it is saved. Tlje whole operation then proceeds at the ordinary atmospheric pressure, 
and a larger product is obtained. The first stage of the reaction in the productio^^# 
leucic ether may then be represented as follows : 

+ 4C«H‘I + Zn* = Zn^^H |o» + Zn''|^glQ + 2Zn'I* 

Ethylic leucate or diethoxalate has been already described as leucic ether (iii. 678). 
When treated with trichloride of phosphorus, it yields ethylic ethocrotonate, 

C‘IIWW)0)^ ^ ^ 0^H*(C*IP)0;^ 

C*n* ^ whence may be obtained ethocrotonic acid, jj * 

isomeric with pyroterebic acid {vid. sup.). ^ 

Zinc-ethyl acts violently on it, each drop on coming in contact with the ether, even 
if previously cooled by a freezing mixture, hissing like phosphoric anhydride dropt into 
^'Mter. The product of the reaction is zincmonethyl-ethylic leucate, the change con- 
sisting in the substitution of zinc-monethyl for hydrogen, and being accompanied by 
the evolution of torrents of ethylic hydride : 

C«n‘'(C*H*)0* + Zn"(C*IP)* = C«H*®(ZnC*H*)(C*H*)0» + C*H«. 

Zinc-Tnonethyl-ethylic leucate is a colourless viscous solid, soluble in ether, but 
^‘ppiirently incapable of crystallisation. It absorbs oxygen with avidity, and eflFervesc^ ^ 
strongly in contact with water, reproducing leucic ether : 

C*H‘®(ZnC*H»)(C*H»)0* +* 2H*0 *= C®H>*(C*H*)0» + C*H* + Zn"H»0*. 


VoL. IV. 


• See pa^ 236. 
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Iodine acts strongly npon it, producing zincolencic ether, iodide of ethyl, and iodij, 
of zinc : 

2C‘H“(ZnC?H*)(C’H‘)0> + I* = C"H"Zn''(C*n‘)»0» + Zn"I* + 2C»H»L 

Ziac-inon«tbjrI-ethyllc Zincoleucic ether, 

leucate. 

Methijlic Dicthoxalate, A mixture of 4 at. ethylic iodide and 1 at. methylic oxalate 
digested with zinc for about 96 hours at 30®~60° solidifies to a mass of crystals, which 
when treated with water and distilled, yields ethylic alcohol, and an ether having the 
coin{)ositiou of diethoxalato or leucate of methyl : 


(cwr) 

CII* >0* + 4C*H»I + Zn< 
CH» 3 

Methylic oxalate. 

ZnC^'H* lo* + 2H*0 

CH» 3 

Zinc-tnonethyl- 
Tnethyllc leucate. 


[C“(Cni»)*0]' 
ZuC^H" 

CH* 

Zinc-monethyl- 
methylic lnueato- 

H to* + 

CH» 3 

Methylic 

leucate. 


Zinc-niethyl- 

cthylate. 

+ Zn-HW 

Kthylic 

hydride. 


Methylic leucate is a colourless, transparent, tolerably mobile liquid, having a peculiar 
odour, not much like that of ethylic leucate, sparingly soluble in water, easily in alcohol 
or ether. Specific gravity = 0‘9896 at 16’5®. lloils at 165*^ and distils unchanged. 
Vapour-density, obs. = 4 84 ; calc. = 6*03. 

Methylic leucate is easily decomposed by alkaline b.ases, yielding methylic alcohol 
and metallic leucates. The barium-salt^ C‘'“TP*Ba'^0®, thus obtained is a cry.stalline 
mass very soluble in water, alcohol, and ether. On decomposing it with sulphuric acid 
and evaporating the filtrate, diethoxalic or leucic acid is obtained in splendid crystals 
which sublime readily at 50°, slowly even at common temperatures, and molt at 74 
In these respects the acid thus obtained agrees with ordinary leucic acid, and with 
that obtained by the action of zinc-ethyl on oxalic (;ther ; but the silver-salts of the 
two acids differ in certain respects, that obtained from methylic leucate crystallising 
in anhydrous silky fibres which are scarcely discoloured at 100°, whereas that obtained 
from ethylic leucate forms brilliant radiate needles containing J at. water, which it 
does not give up at 100°, though it suffers rapid discoloration at that temperature. It 
is possible therefore that the diethoxalic or leucic acids obtained by the action of zinc- 
ethyl on the oxalates of ethyl and methyl respectively may not be absolutely identical, 
but only isomeric. 

Amy lie JHeihoxalate. A mixture of amylic oxalate and ethylic iodide m equiralent 
proportions digested with zinc for several days at 60° — 60°, and subsequently treated 
with water, yields in like manner a distillate containing amylic dicthoxalate or 
leucate, thus: 


(C*0*y') 

. OH** J-0* -h 4C*H»I -h Zn< 

Oh*>3 


^myUc 

dtalate. 


[C*(C*H»)*0)'') 
ZnCTP Co* + 
OH'* ) 

Am V lie zinc- 
monethylic leucate. 


Zinc-ethylo* 

amylate. 


[C*(C*H»)*0]'') 

ZnC»H‘ VO* + 2H*0 

OH'» 3 

Amylic zine-raonethylo. 
leucate. 


[c\cm^fOY) 

H VO* + 
OH** 3 

Amylic 

leucate. 


+ Zn'HW 


Amylic leucate is a colourless, transparent, slightly oily liquid, having a fragrant 
and somewhat amylic odour ; insoluble in water, but soluble in all proportions in 
alcohol and ether. Specific gravity *= 0*93227 at 13°. Boils constantly at 225®. 
Vapour-density obs. =« 6*74; calc. = 6*97. The boiling point and specific gravity 
in the liquid state of this ether are almost identical with those of its isomer, ethylic 
ethamox^ate (p. 276). 

Dlmetbozallo or Bimettaog^lyooUio Acid. C*H«0» - [C*(CHp*0]' |o*— A 

mixture of 1 at. methylic oxalate and 4 at. methylic iodide treated with amalgana|ited 
zinc as above described, solidifies to a yellowish gummy mass, which when distilled 
with water, yields methylic alcohol, and leaves a residue of iodide, oxalate and dimethox* 
alate of zinc. The reaction is doubtless exactly similar to that of zinc and ethyl*® 
iodide on ethylic oxalate (p. 273), and might be represented by perfectly sifflil®^ 
equations, substituting methyl for ethyl; but the resulting dimethoxalate of 
appears to be very unstable, and to be decomposed by the hydrate of zinc as fre*- ^ 
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is formed, and converted into dimethoxalate of zinc, This zinc-salt 

treated with baryta-water yields dimethoxalate of barium, which crys- 

tallises in brilliant needles, neutral, having the odour of fresh butter, very soluble in 
water and alcohol, nearly insoluble in other. 

jyimetlioccalic acid, obtained by decomposing the barium-salt with sulphuric 

acid and agitating the filtrate with ether, crystallises by evaporation in large prisms, 
iTiclts at 75*7° and sublimes at 60° in veiy fine prismatic crystals- boils at 212° and 
distils unchanged. ^ It is strongly acid and easily unites with bases, forming crystal- 
line salts. Tho silvcT^sdlt, C^H’AgO*, crystallises in stellate groups of nacreous 
scales. 

3. zstbometlioxalic or Stiiometlioslycolllc Acid, C*H*®0* = C*(C*IPXCH*)0 ) q, 

- The ethylic etlicr of this acid is obtained by tho action of zinc on a mixture of 
rthylic oxalate with methylic and ethylic iodides in equivalent proportions. The re- 
action takes place as shown by the equations : 


VO* + 2CIPI + 2C*H*I + Zn* 


JC*H«0 


+ 2ZnI*. 


Zinc-cthylo- 

ethylate. 


C*H») 

H { 


+ Zn"H*C» 


C*1P > 

C*H* j 

Etiiylic oxalate. 

[C*(CH*)(C*H»)0]") 

ZnCH* >0* + Zn' 

C*H* ) 

Zinc-monoinethyl*etho- 
mcthoxalate or ethyl. 

[C*(CH«)(C*H‘‘)0]") 

H Vo* + 

C*H» 3 

Ethylic etlio* 
inethoxalate. 

Ethylic othomethoxalato, C’H'^O^fis a colourless, transparent, mobile liquid possessing 
a penetrating ethereal odour much like that of leucic ether. It is very soluble in water, 
alcohol, nnd ether. Specific gravity = 0-9768 at 13°. Boils at 166-6°. Vapour- 
density, obs. ~ 4-98 ; calc. = 5-04. It is easily decomposed by aqueous solutions of 
tlie alK'alis and of baryta. TricldoHde of 'phosphorus converts it into the ethylic 
etlier of iiK.'thocrotonic acid, C^IPO*, isomeric with angelic acid (p. 273). 

KthoindhixaJatc of Barium, C'®H'"Ba''0®, is very soluble in water, and crystallises 
from aqueous solution as a beautifully radiated mass having a silky lustre. 

Ethohu:tho.Talatc of Hydrogen, or Ethomethoxalic acid, C*H*"0*, is obtained by 
evapoi-ation, first in a retort, afterwards in vacuo, as a splendid white crystalline mass, 
melting at 63° subliming readily at 100°, and condensing on a solid surface in 
niapificcnt star-like groups. It boils with decomposition at 190°. It dissolves very 
easily in water, alcohol, and ether; small fragments of it thrown on water rotate like 
camphor whilst dissolving. The solutions are strongly acid and easily docomposo 
carbonates. 

Ethomcthoxalatc of Silver, C*H®AgO* crystallises in splendid mammeUated ma^es, 
moderately soluble in water. 


[C*(CH*)(C*H>)0]") 

ZnCTI* >0* + 2H*0 

C*TI‘ ) 

Zinc-niono?ncthyl-etho- 
methoxalatc of ethyl. 


4. Ambydroxallc or Amofflycolllo Acid. = [C*3I(C^”)0] | q. 

The ethylic ether of this acid is produced, together with two others, by the action 
of zinc on a mixture of ethylic oxalate and amylic iodide. Wlien a mixture of these 
ethers in equivalent proportion is digested with granulated zinc at 70°, tho zinc is 
gradually dissolved, while much amylic hydride and amylene are given off. Tho 
mixture finally assumes a viscous or semisolid condition, and when treated with water 
yields a further quantity of amylic hydride which distils off at a gentle heat. On in- 
creasing the temperature, water passes over accompanied by amylic alcohol, amylic 
1 ?’ ethereal liquid which, after drying with chloride of calcium, begins to boil 

ftt 1320, the product which first passes over consisting principally of amylic alcohol 
jnixed with amylic iodide. Afterwards tho thermometer rises rapidly to 200°, 
between which temperature and 205°, ethylic amhydroxalate, C^Il’^O*, passes 
^ second rapid rise of temperature then occurs till the thermometer remains 
between 222° and 226°, at which temperature ethylic ethamoxalate, 
' /1‘ 0*, passes over. Lastly, tho temperature rises to 260° — 264°, between which 
diamoxalato, distils over. These several ethers are 

urther purified by repeated fractional distillation. 
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The formation of ethylic amhydroxylate is represented by the equations, 

m4/naTTii\/'T-.naTTii\rkl"'\ ^ 


'jo. 


+ 4C*H»I + Zn» 


(CW)' 

C*IP 

fC*(C»ir*)(ZnC*H")Or 
ZnCTI>» 

C*H‘ 


|o.. 


[C*(C»H>‘)(ZnC»H'»)0]' 
ZnC'^H'* 


jo* + Zii| 


C*H“ 
C*H»0 + 


2Znp. 


4H*0 = 


] o ’ + Tio 


^|o. is 




a somewhat oily, trans- 


[C*H(C»H»)Of I ^ 

C»H» 

The compound C‘“H*®Zn"0* formed in the first stage of the reaction consists of oxalic 
ether in which an atom of oxygen is replaced half by amyl and half by zinc-monainjl, 
whilst a second atom of zinc-monamyl is substituted for one of ethyl. 

C2H(C^H")0) 

Ethylic amhydroxalate^ 

parent, slightly straw-coloured liquid, of specific gravity 0*9449 at 13®, having a 
pleasant aromatic odour and burning taste. It boils at 203®. Vapour-density, obs., 
*s5 5*47 ; calc. = 6*0. 

Amhydroxalateof Barium^ C’^H^Ba^O®, crystallises in large beautiful nacreous scales 
like paraffin, moderately soluble. The calcium-salt^ C**H*“Ca"0®, forms a white crys- 
talline mass. 

The hydrogen-salt or amhydroxalic acid^ C^II‘^0* prepared from the zinc-salt wliieh 
is contained in the residue remaining after the distillation of the three ethers abovo 
described, is but sparingly soluble in water, from which, however, it crystallises in 
beautiful, nacreous scales which melt at 60*5®, but afterwards re main liquid for some 
time oven at ordinary temperatures; they are very unctuous to the touch, and easily 
soluble in alcohol and ether. 

The copper-salt, CH^^Cu^O® is deposited from its aqueous solution in minute light 
blue scales, very sparingly soluble in water. 

6. fithamozallo or Ethamog^lycollio Acid, II II )0] j q, 

— The ethylic ether of this acid, is the portion of the ethereal distillate abovfl 

mentioned, which boils between 222® and 226°. Its formation is represented by the 
equations : 


C*02) 

Cnplo* + 4C^H"I Zn< 

c*n“j 

[C"(C‘H”XZnC»H‘')Or)n* 

(cm^y p 


[C*(C»H")(ZnC®II”)Oy') 

C*H® Vo* + Zn 

enp ) 


(C5K» 

JC»II"0 


+ 2ZnP. 


+ 2WO 


>*T! 


Zn"H*0» 


[C*(CTP)(C»II»')0]") 

OTP 

Ethylic ethain> 

((xalatc. 

Ethylic cthamoxalate is a straw-coloured oily liquid, having an aromatic but 
somewhat araylio odour and a burning taste. Specific gravity = 0*9399 at 13°. 
Boiling point between 224® and 226®. Vapour-density, obs. = 6*29 ; calc. = 6*92. 

By decomposing this ether with alcoholic potash, adding sulphuric acid in exce.*??, 
and treating the product with ether, ethamoxalic acid is obtained as a thick oil, 
gradually solidifying to a crystalline mass. The barium-salt contains C‘®H*<Ba"0* ; the 
silver-salt, C*II‘'AgO*. 

6. BlamozalieorDlaikioglyoolllo Aold,C>2H>«0® = [C®(C^"XOr|o_The 

ethylic ether of this acid, is contained in the last portion of the ethereal dis- 

tillate resulting from the action of zinc and iodide of amyl on oxalic ether. Its forma- 
tion is represented by the equations : 

(c®o*r) [C»(c»n'*)*or) 

C®n® + 4C*H"I + Zn® » ZnOTI" ' ' 

OTP j C®H® 

Ethvllc Ethylic zlnc- 

oxalate. monamvl-diam- 

oxalate. 

[c*(C®H"yo]") 

H ' 

C»H» 

Ethylic di- 

amoxalatc. 


+ Zn' 


(C®H" 

jC*H®0 

Zinc-amylo- 

ethylate. 


2ZnI*. 


ZnC»H'> >0* + 

C.H‘ i 

Ethylic liiie-mon- 
amyi-dlamoxalatt. 


2 fl »0 


>0* + 


H 




Zn^ffO*. 
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^j^ylic dUTnoxolaU is more viscid than the two last-described ethers, and has the 
West specific gravity of any ether belonging to this series, its density at 13° being 
only 0*yi37* specific gravities of all these ethers decrease as their atomic 

^.^.ijrhts increase. Their vapours also exhibit a tendency to dissociation, increasing with 
the weight of the atoms which replace the oxygen in oxalic ether, whence there 
•irises an increasing divergence between the observed and calculated vapour-densities. ' 
The vapour-dejisity of etliylic diamoxalate is by experiment 8'4, by calculation only 
5.0. foiling point about 262°. 

Diamoxalate of Barium^ obtained by decomposing the ether with baryta- 

water, crystallises in minute (dastic needles having the appearance of wool when dry. 

It is moderately soluble in hot, sparingly in cold water. 

Diamoxalic acid, obtained by decomposing a solution of the barium-salt in hot 
dilute alcohol with sulphuric acid, and evaporating tlio filtrate, crystallises in colourless 
siitiny fibres, insoluble in water, but soluble in alcohol and ctliei*. It uadts at 122°, 
and solidifies immediately after a very slight reduction of temperature. At a stronger 
hoiit it sublimes and condenses on a cold surfiice in whitei crystalline flakes like snow. 

7. Action of Zinc on a mixture of Amylic oxalate and Amylic iodide. 'Whim these 
etiicrs in equivalent quantities are gently heated with zinc, a brisk reaction soon sets in, 
nnich amylic hydride and amyleiie are evolved, and the whole solidifies to a gum-like 
mass, which when distilled with water yields an oily liquid resembling that obtained 
when etliylic oxalate is used, and in all probability conbiining a series of amylic ethers 
aimlogous to the etliylic ethers described under 4, 6 and 6 ; but it has not yet been 
found possible to separate them, their boiling points being so high that they decompose 
when an attempt is made to distil them. 

OXAIiXTXS. Native ferrous oxalate, also called Humboldiine (p. 258). 

OXAIiMETBYXiOVIlVZBE. Syn. with Mjsthylktuylic Oxalate (p. 271). 

OXAEOVXirzc ACID. Syn. with Ethyloxalic Acid (p. 271). 

C^IPNW) (C*0®) ) 

OXAX.VRAMZDE. Oxahn. OWN’O* =» (COr|N». 

(hosing and Schischkoff, Ann. Ch. Pharm. c.vi. 255. — Liebig, ibid, cviii. 12®. — 
Sireckor, ibid, cxiii, 47). — A compound obtained as a white precipitate, together with 
diahiric acid, by the action of ammonia and hydrocyanic acid on alloxan : 

2Cni2N20^ + H'^0 + NH* = C*H*N»0» + C'H‘N=0* + CO». 

Alloxan. Oxalurainide. Oialuric acid. 

Probably also by the action of anhydrous ammonia on parabanic acid : 

C’lPN^O* + NH* = eWN^O’ (Streeker). 

Jt was first prepared by Rosing and SchischkofF, who called it oxalan, and assigned 
to it the formula Its formation, however, appears to have been pre- 

viously observed by Liebig, and analyses of it subsequently made under his direction 
do not agree with Rosing and Schischkoffs formula, but show, in accordance also with 
btrecker’s analysis, that the body has the composition of oxaluramide ; 


Calculation. Rosing and Schischkoff. Liebig. Streckor. 
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Sirecker has also shown that the hydrocyanic acid takes no part in the reaction, further 
than as a sort of ferment, and that the whole of it may be recovered from the liquid 
filtered from the precipitate of oxaluramide. 

Oxaliiramide is a white crystalline powder, insoluble in cold water, but dissolved 
and decomposed by prolonged boiling with water, with formation of oxalurato and 
oxalate of ammonium. When boiled with caustic alkalis, it gives off ammonia and yields 
ail oxalate. It dissolves completely in strong sulphuric add, and according to Streeker 
precipitated from the solution by water, in its original state. According to Rosing 
iiod Schischkoff, on the other hand, the body thus precipitated is a product of decom- 
Pf^sition, containing ; moreover the dilute solution from which this 

has separated deposits after a while large colourless prisms containing 
^<^cording to Streeker, however, this last body is nothing but alloxantin 
(1 T{‘®N<0‘») formed by the action of the acid on dialurate of ammonium adhering to the 
'^^aluratnide. 
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A solution of alloxan mixed with hydrocyanic acid yields, on addition of ethyl, 
amino nhenvlaraine, &c., precipitates resembling oxaluramide and consisting of 
ethyi-oxaluramide, C«H«(C2H‘)N*0*, phony 1-oxaluramide, C»H<(C«H»)K30*^ 

&c. (Strecker.) , . , i i t 

Tho last-mentioned body is identical with tliat which Laurent and Gerhardt 
obtained by heating parabanic acid with aniline. It is a white slightly nacreous 
crystalline powder, composed of well-defined microscopic needles, tasteless and inodorous, 
insoluble in boiling water, nearly insoluble in boiling alcohol ; it melts at a high tempe’ 
rature, and decomposes when still more strongly heated, giving otf very acrid vapours 
containing cyanogen-coiftpounds. When slightly healed with potash, it gives off aniline 
and ammonia. It dissolves easily in sulphuric acid, the solution when heated giviufr 
off carbonic anhydride and ciirbonic oxide, without blackening ; and the product, if 
exposed to tho air, gradually becomes filled with crystals of acid sulphate of twrimonium, 
and yields, when dSuted with water, the reaction of phenyl-sulphuric acid. (Laurent 
and Gerhardt, Ann. Ch. Phys. [3] xxiv. 177.) 

OXAlLn&Airz&ZBfi. Syn. with PiiKi^yL-oxALURAMiDB {vid. sup.). 


OXAZiVltZC ACZB. (Liebig and Wohler, Ann. Ch. Pharm. xxvi. 

287.) — When parabanic acid is heated with aqueous ammonia, it is converted into 
oxalurato of ammonium; or carbonate of calcium dissolved in aqueous parabanic acid 
yields oxalurato of calcium. Oxalurato of ammonium is also formed by the action of 
oxygen on an tupieous solution of murexan (see Mubbxan) ; and by adding ammonia to 
a solution of uric acid in warm, very dilute, nitric acid. The ammonium-salt is dis- 
solved in warm water, and the oxaluric acid precipitated by a mineral acid, washed and 
dried (Liebig and Wohler), Lastly, oxaluric acid is produced, together with 
guanidine, parabanic acid, xanthine, and urea, by the action of hydrochloric acid and 
potassic chlorate on guanine. (Strecker, Ann. Ch. Phann. cxviii. 161.) 

Oxaluric acid is a whito' crystalline pow'der, which has a very acid taste, and reddens 
litmus. It neutralises alkalis completely. It is veiy sparingly soluble in cold water: 
its aqueous solution is decomposed by boiling into oxalic acid and urea : 


+ WO ^ + CH*N*0. 


Oxaluric acid is monobasic. The ammonium-salt, C*H’'(NH^)N'0*, forms silky 
anhydrous needles, readily soluble in hot water (Liebig and Wohler). Tho 
harium-salt, C*H®Ba"N‘‘0".2H‘^0, is obtained by precipitation in long colourless nci^c .s, 
often intersecting one another. It gives off its water at 130° ; the crj^stals dissolve in 
633 pts. water at 9° and 55 pts, at 100°. — Tho calcium- salt, C®JI®Ca"N^O'’.211'0, 
obtained in like manner, crystallises in colourless needles, soluble in 483 pts. water .'it 
' 16°, and in 20 pts. boiling water (P. Waage, Ann. Ch. Pharm. cxviii. 601).— Tho 
silver-salt is obtained by adding oxalurate of ammonium to nitrate of silver, as a flaky 
precipitate which dissolves in hot water and separates on cooling in long silky 
anhydrous needles (Liebig and Wohler). The sodium-salt sepa rates as a crystalline 
powder on mixing a dilute lukewarm solution of sodic carbonate with a solution of 
alloxan containing a little prussic acid. It is much less soluble in water than the 
potassium-salt. (Waage.) 

Oxaluric acid may be regarded as an uridic acid analogous to the amic acids: 
s= oxalic acid + urea — H*0, just as oxamic acid, C®H®NO* = oxalic 
acid + ammonia — H*0. (Gerhardt and Laurent, Ann. Ch. Phys. [3] xxiv. 175.) 

F. T. C. 

All VIST OMBTB YXiZBE. Syn. with Methyl-Ethtlic Oxalate (p. 271)* 

OXAUKSTBAITZS. Syn. with Ethylic Oxamatb (p. 280). 

Oai^ABISTHYXiAlVS. Syn. with Metiitlic Oxamatb (p. 281). 

H® 'k 

OXAWSCAOIB. = (<?Ot|o. (Balard, Ann. Ch. Phys. [3] 

iv. 93.— B a c a 1 o g 1 i o, J. pr. Chem. Ixxxi . 369.— T o u s s a i n t, Ann. Ch. Pharm, cxx. 237.) 
—An acid produced by the dehydration of acid oxalate of ammonium. This B&]t 
when heated in an oil-bath to about 230°, gives off water, carbonic oxide, and carbonic 
anhydride, then carbonate and cyanide of ammonium, and if the distillation has not 
been carried too far, a residue is left consisting almost entirely of oxamide and oxamic 
add. The formation of the latter is represented by tho equation ; 

C’H(NH*)0« - H^O « C*H»NO* 

The acid residue is treated with cold water ; the filtered solution is neutralised 
ammonia and precipitated by a saturated solution of a barium-salt ; and the resulting 
crystalline precipitate of oxamate of barium purified by solution in boiling 
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(decolorising with animal charroal if necessary) and crystallisation. The crystals are 
then decomposed with an equivalent quantity of very dilute sulphuric acid, and the 
pirate is evaporated to the crystallising point. 

The acid may also be obtained by decomposing the silver-salt with dry hydrochloric 
acid gas, treating the product with boiling absolute alcohol, and evaporating the 
filtrate. , , , 

Oxarmc acid is also produced, as an ammomum-salt, by boiling oxamide with aqueous 

ammonia: 

C*H*N*0* + 11*0 == C*H*(NH<)NO*. 

After the boiling has been continued for some time, the ammonia being always kept in 
excess, the solution on cooling deposits nothing but groups of slender prisms, consisting 
of ainmonium-oxamatA) ; and the saturated solution of this salt mixed with strong 
hydrocliloric acid, and loft tp itself for twelve hours, deposits oxamic acid as a white 
powder, wliich may be wsished with cold water and left to dry at the ordinary tempera- 
ture. (Toussaiiit.) ^ ^ 

Oxamic acid is a wliite crystalline powder sparingly soluble in cold water, still less 
Holublo in alcohol, insoluble in ctlier. According te Toussaint, it dissolves in 68 pts 
water at 18*^ ; in another experiment with tlie acid sepanited from mercurous oxamate 
he found that it required 71 pts. water at 14° to dissolve it. By boiling with water it 
is quickly converted into acid oxalate of ammonium. Heated with caustic alkalis or 
with acids it is resolved into ammonia and oxalic acid. It melts at 173° and is 
decomposed into water, oxamide and formic acid. (Toussaint) * 

OxAMATKS. Oxamic acid is monobasic, the formula of its salts being C*H'*MNO* 

the metal. The anwionium^salt 
t- ll‘( MI )N0- forms stellate groups of small anhydrous prisms, wliich according to 
Senarmont (Jahresb. 18o7, p. 296) are monoclinic, exhibiting the combination 
C3C I .. [ coi 2J . [ »1 C30 ] . oT . The clinodiagonal is to the oi’thodi agonal as 0*6489 * 1 

in the Clinodiagonal principal section 
:.-r 119° 20 ; \ ccP2] : [ oor2], in the same = 81° 2'; oP : ooP = 111® 65'— The 
(PIIW N*0«.31I*0, is a crystalline precipitate which gives off its water at 
lo^(Jialard).— The cupric salt, (Pir‘Cu"N\KH*0, is obtained by precipitation ns 
i b uo granular powder soluble in hydrochloric acid, le.ss .soluble in water and in nitric 
icid. Iho hydrochloric acid solution of the precipitate is coloured blue by potash 

(Bacaloglio).-The ferrot^ sale, 
Ml he MO .H O, forms yellow microscopic crystals. Hccently precipitated ferric 
dLssolves m boiling aqueous oxamic acid; but the solution decomposes like 
he oxalate, on (exposure to the sunshine, forming a yellow precipitate. The solution 
» terric hydrate m acid oxamate of potassium deposits green crystals on cooling 
bacaloglio).— The nculral kajUalt, CJ‘JPl>b"N*0«.H-^0, is white, crystalline, spar- 
ugly soluble in cold, more easily in hot water ; the solution has an acid reaction.' The 
iiilt gives off Its water (4*40 per cent.) at 100°, but does not decompose at 176°. The 
imc kad-salf C^H‘Pb"N*0«.Pb"(), obtained by precipitating basic acetate of lead with 
niraomuin -oxamate, is a white precipitate, insoluble in water and anhydrous after 
•eing treated with boiling water (Bacaloglio).— The mercurous and mercuric salts 
re wliite precipitates, olitaiiicd by heatins the solutions of the nitrates with ammonium 
iianialo (Ilaealoglio).— The nk/crl-mlt, C'H'NrN'OMI'O, is a greenish-white 
soluble in hot water (Hacaloglio).— The 
^ Agi>iu , obtained by treating a solution of silver-nitrate with barium-oxamate, 
parutes as the liquid cools in colourless silky needles, which are decomposed by 
if aT^rd separating on the surface and blackening them. 

OXAMXC ETHERS. 

il ) ^ 

b' *^^he water-type, or that belonging to the ammonia- typo, may be 
1 - (M iiy alcoliol-radiclcs. In the former CH.se neutral ethers are formed, belonging 
ic c ass of amethaiies (i. 198), of which the following are known : 

H* ) 

(C*0®)"|. 


In the molecule of oxamic acid (0*0*/' either the 

H 


C»H*NO» 


^Icthylic Oxamate or Oxamethylano 
EHiylic Oxamate or Oxamethana . C^H*NO* 

Amy lie Oxamate or Oxamylane . C*H'*NO* 


CH» 

(CW)'lg 

C?H‘ 

(CWflN 
C*H" i ^ 
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They are produced by the action of dry ammonia on the corresponding neutral oxalic 
ethers. 

In the latter case, monobasic acid ethers are produced, which, if only one atom of 
hydrogen is replaced, are metameric with those of the preceding class containing the 
same alcohol-radicles. They are obtained by dehydration of the acid oxalates of tlie 
corresponding amines. The following have been prepared : 


Methyl-oxamic acid 


Ethyl-oxamic acid 


Phenyl-oxamic acid 


C»H*NO» 






(C=ot[^ 

(CW/jS 

(020*)" 


The replacement of both hydrogen-atoms belonging to the ammonia-type would 
likewise yield monobasic acids : none of these are how'ever known in the free state, 
but the ethylic ethers of dimethyl-, and diethyl-oxamic acids have been obtained, 
viz. : 

(CH»)* 

Ethylic Dimethyloxamate . . C«II“NO* = 

Ethylic Eicthyloxamate . . 

C*IP 


Amylle Oxamate, or Oxamylane. C’lP'NO". — This compound is pro<lu(*ed 
by the action of ammonia in the gaseous state or in alcoholic solution on iientral 
amylic oxalate : 

IP 


( 0202 )" 


O* 


NH* 


(C*0 

cnv 


i-1? 


C*H» 


H P* 


It is soluble in alcohol, whence it separates on evaporation in rudimentary ill- 
defined crystals. It is decomposed by boiling water, yielding amylic alcohol and 
oxamic acid. 


Stby lio Oxamates. — a. Oxameikane, 


C«H’NO» : 


. (c'O'r^g- 

CTP 


-(Dumas and 


Boullay, Ann. Ch. Phys. [2] xxxvii. 40. — Dumas, ibid. liv. 241.— Liebig, Ann. Ch. 
Phiwm. IX. 129). — Prepared by pa.s.smg dry ammonia gas through dry ethylic oxalate 
till it solidifies. The resulting mass is washed with alcohol, and the solution is evaporated 
till it crystallises. 


Oimmethano forras un^iious pearly crystals belonging to the trimetric system. 
Dominant form, Poo . ooPoo . oof* . c»f*2. Hatio of axes, a : b : c *= 0*924 : 1 • 
0715. Angle fw : ool>oo = 1250 33'; ooP : oofoo = 1320 43'; oof»2 : oof** 
161° 34'. It melts at 110° and distils at 220°. Vapour-density (calc, for 2 vol.) 
=» 4'056. It dissolves very readily in cold water and in alcohol. By boiling with 
water it is converted into alcohol and acid oxalate of ammonium: 


C'H^NO* + 2H*0 « C*H(NH<)0< + C*H«0. 

AmTnoma converts it into alcohol and oxamido : 

C^H'NO* NH* = C^II^O + C*H«N*0* 

According to Balard, the aqueous solution of oxamethane boiled with a small quantity 
of amuMnia, yields oxamate of ammonium. Boiled with baryta-water it gives off 
ammonia and forms a sparingly soluble barium-salt. Potash and^oc^a under the same 
circumstances eliminate ammonia and form ethyl-oxalate.s. 

A Chloroxamethane, C<H*CPNO» Chloroxethamide. (Malaguti, Ann. Ch. 
Phys. Ixxiv. 304 ; ibid. [3] xv. 49).— Produced by the action of dry ammoiiia*gas on 
perchloroxalic ether : 


C*(C*CP)*q« + 2NH* « C<H*CPNO» .+ C*H*C1*N0 + 2flCl. 

Perchloroxalic Chloroxamethane. Trichloracet- 

. amide. 

When dry ammotfia-gas is passed into a tubulated retort containing pulverised 
p^hl<wxalic ether, the temperature rises, a flocculent substance is deposited on the 
sides of the retort, and a fetid odour is evolved. When the action has ceased, the , 
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tort is found to be lined with small iridescent lamina?. The whole is treated with 
ither the solution filtered from sal-ammoniac, and the crystals which form on erapora- 
’on aa* pressed between paper and purified by solution in hot water, treatment with 
niAal charcoal, and repeated crystallisation. 

‘ Chloroxamethane forms white ciystals belonging to the trimetric system, and 
<omorphous with oxamethane. Dominant form, Poo . ooPg . ool»oo . Ratio of the a xes 
j". ]r.c=- 0-924 : 1: 0-715. Inclination of the faces, too . tco = 125° 33' : oot^ : 

120°; ooP§ : <»P|- — 120®. It is sparingly soluble in cold water, very 
loliiblo in boiling w'atc!r, alcohol, and ether; the solution is not precipitated by nitrate of 
Uver or by soluble calcium-salts. It has a saccharine taste, with bitter after-taste. It 
tielts lit 134°, but a considerable portion sublimes before molting. Roiling point 


200° , , . , . , 

hoiled for some time with potash, it ultimately disapiiears, gives off* a large quantity 
,f ammonia, and yields oxalate and chloride^ of potassium, together with another 
hlorin.ited salt. Aqueous ammonia dissolves it completely in a few days, producing 
hlonthylaxalate oj ammonium. 

In consequence of the different behaviour of oxamethano and chloroxamethane with 
mmoniaand potash, Gerhardt andMalaguti suppose that they belong to different types. 

y. Ethyloxamic acid, C^IPNO* = (0“O“)"Lq — F o 


-Formed in small quantity, 


rhen oxalate of ethylamine mixed with excess of oxalic acid, is melted fop some time 
nan oil-bath at 180°: C21T(CWN)0* - IPO = (Wurtz, Ann. Ch. 

’hys. [ 3 ] XXX. 465 .) 

(C2Ha)2 

Z. Ethylic Diethyloxamate,C^13L^^'^0^ = {O^O^Y 

C'^n" 




This compound is produced 


)y the action of dief hylamine on oxalic ether (ii. 655). It is a liquid which boils at 
f)()° is resolved by boiling w'ith alkali.s into oxalic acid, alcohol, and diethylamine, 
ml, when heated wilh alcoholic ammonia, is converted into a substance which is iso- 
jeric with dicahyloxamide, 284). (Hofmann, Compt. rend. lii. 902.) 

nCethyllc Oxamates. a. Oxatnethylane^ C-’IPNO'’. — Prepared by saturating 
usrd iiK'thylic oxalate with dry ammonia gas till the whole solidifies to a crystallino 
riiiss. The product dissolved in boiling alcohol crystallises on cooling or evaporation 
ri cubic crystals having a nacreous lustre. When boiled with water to which a few 
Irops of nmmonia are added from time to time to neutralise the aeid which is produced, 
he oxametliylaiio is coinpl<‘.tely converted into oxamate of ammonium and methylio 
Icohol. (Dumas and Peligot, Ann. Ch. Phys. [3] Iviii. 60.) 

N 

A Meihylox a m ic acid^ C*IPN 0* = (C^O*)" > q. — P roduced, wi th elimination of 


rater, by heating acid oxalate of methylamine to about 160° : C*IT(CH*N)0^ — H^O 
= Part of the methyloxamic acid remains in the residue, while another 

xirtion volatilise.s, and sometimes forms a crystalline strongly acid sublimate on the 
leck of the retort. A considerable portion of the acid oxalate of methylamine is, 
lowrver, converted into neutral oxalate, and subsequently into dimethyloxaiuide, which 
iso crystallises in tho neck of the retort. It is advisable, therefore, to intiTriipt the 
iKstillatioii after a while, and add a little oxalic acid to tho residue. When tho decom- 
'osition is supposed to be complete, both tho distillate and the residue are to bo 
iJssolved in hot water, the solution saturated with chalk, and filtered. The concentrated 
olution deposits, on cooling, a mixture of calcic methyloxamate and dimethyloxaniide, 
diich are easily separated by heat, the dimetliyloxamide then volatilising, while the 
!Ui*ic methyloxamate remains unaltered ; it may be purified by crystallisation from 
et water. 

Methyloxamic acid forms a crystalline sublimate. The calcium-salt^ C®n*Ca"N*0*, 
Jljarates from its hot aqueous solution in small well-defined crystals. (Wurtz, Ann. 
l'- fhys. [3] XXX. 465.) 

(CH*)*) 

y- E thy lie DimetAyloxamate, C‘H'‘NO* = (C*0»)" )• ?— Kko *^0 

C*H* ) . 

Corresponding diethyloxamato, by the action of dimethylamine on oxalic ether. It is a 
between 260° and 260°, and resolved by distillation with potash into 
cohol, dimethylamine, and oxalate of potassium. (Hofmann, iii. 998.) 

^ H.C«H* 

'benyio^mlo or Ozanilio Acid, C*H»NO* = (C*0*)'' 


|o (Laurent and 
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Liebig (Ann. Ch. Pharin. cxiii. 146) has shown that an aqueous solution of 
Gerhardt, Ann. Ch. Phys. [3] xxiv. 166).— To prepare this compound, aniline 
with a very large excess of oxalic acid is fused for ten minutes at a high temperatur^ 
the cooled mass boiled with water; and the solution filtered from the oxaniUd^I 
whereupon it yields, ou cooling, crystals of acid oxanilat^ of aniline, whilst a poptioi/j 
the salt, together with a small quantity, of forraanilide and a large quantity of oxhI? 
acid, remains in the mother-liquor, from which, by precipitation at a boiling heat with 
chloride of calcium, filtering while hot from the oxalate of calcium, and coolinw an 
additional crop of crystals of calcic oxanilate may be obtained. The above-Tnentioa^. 1 
brown crystals, which cannot be decolorised by recrystallisation, are converted, eith^ 
by boiling with baryta-water, or by solution in ammonia and precipitation with ciloridj 
of barium, into oxanilate of barium, which must be washed with cold water, and deconi 
j)osod by boiling with an equivalent quantity of sulphuric acid (an excess decomposes 
the oxanilic acid), after which the filtrate deposits tho oxanilic acid in crystals by 
evaporation — or they may be converted into the calcium-salt by solution in ammonia 
and precipitation with chloride of calcium, and that salt decomposed by sulphuric acid 
mixed with alcohol. 

Phcnyloxainic acid forms beautiful laminse, which redden litmus strongly, dissolye 
sparingly in cold, abundantly in liot water^ easily in alcohol. When heated, it girea 
off carbonic oxide, carbonic anhydride and water, and is converted into pure oxanilide: 

2C«H^NO* = + CO + CO* + H*0. 

By boiling with dilute hydrochloric or suliihuric acid, it is resolved into hydrochlorate 
or sulphate of aTnlino, and free oxalic acid. With a boiling concentrated solution of 
potash it gives off aniline. 

The phenyloxamatos or oxanilates, which are isomeric with the isatates, 
give off tlie whole of their aniline when heated with hydrate of potassium, and a portion 
when boiled with potash-ley or strong acetic acid. 

Ammonium-salts. — The neutral salt, C*H®(NH*)NO*, forms beautiful laminm, which 
dissolve sparingly in cold, very easily in boiling water, and in alcohol.— Tho acid 
salt, C*H\N1I^)N0*.C‘‘II’N0*, obtained by precipitating the solution of tho neutral salt 
with hydrochloric acid, and leaving the precipitate to crystallise, forms scales, sparingly 
soluble in cold water. Both salts begin to decompose at 190°, give. off* ammonia, and 
afterwards carbonic oxide and carbonic anhydride, together with a small quantity of 
aniline, and leave oxanilide. 

Barmm-salt. — I'he white crystalline precipitate, which the ammonium-salt forms 
with chloride of barium, crystaUiacs from tho solution in boiling water, in specular 
rhombic scales, which contain 29*15 per cent, barium, and are therefore C‘®H'*Ba"N“0* 
Calcium-salt. — Obtained in a similar manner with chloride of calcium. Tufts of 
needles containing 10-8 per cent, calcium, therefore 

ISilver-saU . — Obtained in like manner with nitrate of silver. White tabular ciy'stals 
which are nearly insolul)lo in cold, but dissolve readily in hot water. They contain 
39'8 per cent, silver: therefore C®H®x\gNO*. 

Nitkazopuenyloxamic Acid. See Nitbazophenydamine, under P iienyla- 

MINES. 

OXAMZSZS. C=H‘N=0’ = (Gm. ix. 262; Gerh. i. 275).— This 

comf)Ound was first obtained by Bauhof in 1817, on mixing oxalic ether with aqueous 
ammonia, but it was regarded as a compound of oxalic ether and ammonia, till Liebig, 
in 1834, showcid it to be identical with the oxamide which Dumas had obtained in 
1830 by the action of heat on neutral oxalate of ammonium (p. 262). 

When neutral oxalate of ammonium is subjected to dry distillation, till the residue 
disappears, oxamide is obtained, partly sublimt^d in the neck of the retort together 
with carbonate of ammonium, partly floating in flakes on the watery distillate. The 
whole is suspended in water, and the oxamide, amounting to 4 or 5 per cent, of the 
ammonium salt, is collected in a filter and washed with water (Dumas). In 
proce.ss, however, a considerable quantity of tho oxamido is decomposed by the heat. 
Heii(*e it is more advantageous to prepare it by the action of ammonia on oxalic ether 
(p. 269). For this purpose aqueous ammonia is mixed with oxalic ether, either pure 
or dissolved in alcohol, and the precipitated oxamide is washed with water and alcohol 
(Bauhof and Liebig). Or the distillate obtained from 1 pt. of salt of sorrel, 1 P** 
ah'ohol, and 2 pts. oil of vitriol, may be immediately shaken up with aqueous ammonia. 
The clear mixture becomes heated and deposits oxamide, which must be washed 
with water and then with alcohol. (Liebig.) 

Oxamide is also formed from cyanogen and cyanides. Playfair found it amongsl 
the products of the action of nitric acid on ferrocyaziide of potassium (ii* 
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• . j with aldehyde gradually deposits crystals of oxamide, the whole of the cyanogen 
iliereby converted into oxamide, while the aldehyde appears to undergo no 
* Mion as the solution, if again saturated with cyanogen, yields an additional 
‘ of oxamide. An aqueous solution of hydrocyanic acid, mixed with peroxide 
livtlrogeii, gradually yields a crystalline deposit of oxamide : 2CNH + H-’O* « 

^ Oxamide is also formed when a mixture of potassium-cyanide and 
I iin.ruuic peroxide is heated with a small quantity of sulphuric acid. (Attfiold, Chem. 

'"' a small quantity of oxamide appears to bo sometimes formed by the action of nitric 
icid upon acetone. (Riche, Jahresb. 1859, p. 340.) 

‘ l),.aptnie8 . — Oxamide is a light white i)Owder, tasteless, odourless, and insoluble in 
■oiil water. Roiling water dissolves it in small quantity, and deposits it on cooling in 
crystallino flocks. The solution is neutral to test-papers, and does not precipitate 
calcium salts. Oxamide is insoluble in alcohol, 

_l), co//q)oi>itions. — 1. Oxamide heated in an open tube volatilises and forms a confusedly 
crystalline sublimate ; heated in a retort it decomposes partially, leaving a residue of 
charcoal. The vapour passed through a red-hot glass tube 2 f(;et long, is completely 
resolved, without deposition of carbon, into carbonic oxide, caibonato of ammonium, 
hydrocyanic acid, and urea (Liebig) : 


2C'‘H<N20* 

Oxamide. 


CO + CO* + NH* + CNH -i- 


CH*N*0. 

Urea. 


]Jut when hermetically sealed in a metal tube (which conducts the heat well) and 
heated for some minutes to 310°, it is jiartially decomposed, yielding cyanogen, carbonic 
anhydride, and ammonia (Malaguti). The first products are probably cyanogen 
and water: 

C*n^N*0* = 2CN + 2IPO; 

but the water, acting at 200° on another portion of the oxamide, foims oxalate of 
ammonium : 

C*IPN*0* + 2H*0 « C*(NH«)*0<; 


and the oxalate of ammonium is resolved at 220° into ammonia, carbonic anhydride, 
and carbonic oxide. Similarly, a mixture of oxamide and sand, healed in a retort to 
3i)0°- - .'130°, yielos nothing but cyanogen, carbonic oxide, and carbonate of ammonium. 
(Malaguti.) 

2. Heated with phosphoric anhydride^ it yields a large qxiantity of cyanogen, 
together with carbonic anhydride and carbonic oxide. (Bertagnini, Ann. Ch. Pharm. 
civ. 170.) 

3. Oxamide, kept in contact for some time with saturated chlorine-water ^ disappears 
completely, forming hydrochloric acid, oxalic acid, and probably also cliloride of 
nitrogen, whieli then undergoes further decomposition, but without formation of sal- 
ammoniac. (Malaguti.) 

4. Oxamide, boiled with a fourfold quantity of nitric acid^ of specific gravity 1-.35, 
is resolved into a mixture of 1 vol. nitrogen, 1 vol. nitrous oxide, and 2 vol. carbonic 
anhydride (Malaguti) : 

C*H*]Sr*0* + 2IINO* « N* + N‘0 + 2CO* + 3H*0. 

According to Bauhof, nitric acid, even when hot, has no action upon oxamide; accord- 
mg to 0, Henry and Plisson, strong nitric acid forms with it ammonia and carbonic 
anliydrido. 

5. With strong sulphuric acid^ but only when heated, oxamide forms ctirbonic 
oxide and carbonic anhydride in equal volumes, ammonia remaining behind in com- 
bination with the sulphuric acid, which remains colourless (Dumas, Liebig): 

C*n^N»0* + IPO = CO + CO* + 2NH*. 

6. All the stronger acids in the dilute state decompose oxamide, yielding an ammonium- 
salt and free oxalic acid, (0. H e nr y and Plisson.) 

C=II«N*0* H*SO^ + H*0 « (NH<)*SO* + C*H*0^ 

Such is the action exerted by sulphuric, hydrochloric, nitric, and tartaric acid, as well 
as by oxalic acid itself; but not by acetic acid, which indeed, when boiled with 
oxamide, goes off in vapour without exerting any action. (0. Henry and Plisson.) 

7. Oxamide is not altered by fourteen days’ contact with cold water ^ or by boiling 
jyith water ; but when heated with water to 224° under increased pressure, it yields a 
b<iuid, which is acid after evaporation, gives off ammonia with hydrated oxide of 
^ad, and yields an abundant precipitate with calcium-salts. (O. H e n ry and Plisson) 
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8. Oxamide, heated with aqueous alkalis, is resolved into alkaline oxalate 
ammonia, which volatilises, without any trace of alcohol (Dumas): 

C-ir‘N=02 + 2KHO = C^K^O* + 2Nn*. 

Aqueous amrno7\ia decomposes oxamido, even at ordinary temperatures crad 
dissolving it iu the same manner (O. Henry and Plisson). By comi 
boiling with aqueous ammonia, oxamide is conveited into oxamic acid (Toussa''*’^ 
p. 279). Boiling carbonate of pota.sslinn, according to Bauhof, has no action 
oxamide. 

The boiling aqueous solution of oxamide does not precipitate nitrate or acHutr 
lead; but on the addition of a snuill quantity of ammonia, and application of heat ^ 
throws down basic oxalate of lead; the decomposition of oxamide into oxalii* h,.'! 
and ammonia takes place much more quickly under these circumstances than und' 
the influence of acids or alkalis alone, being assisted probably by the insolubility of 
lead-salt. (Pclouze.) J i€ 

9. On gently heating oxamide in contact with p^tassi/um, cyanide of potassium is 
formed with vivid deflagration (Dio big) — prolaibly thus : 

C^H^N^O'-' + = 2CNK + 2KHO + IP. 

10. When oxamide is boiled with water, and mercuric oxide is gradually added a 

compound of the bodies containing 2C'“H^N-()“.Hg"0 separates as a white powdr 
(Dessaignos). But dry oxamide heated with morciu’ie oxide, is oxidised, yielding 
urea and carbonic anhydride (Williamson): ^ 

+ Hg"0 = CIPN'^O +-C02 + Kg. 

Oxamidcs containing AlcoJwl-radicles. 

((>•0-^)" 

Dlmetbylozamlde. C^H^NO^ = (CTI®)-' 

464). — Neutral oxalate of methylamine is resolved by dry distillation into water and 
dimethyloxamide ; 

C*(CIPN)20^ = C^nWO* + 2H20. 

The transformation is much more complete than that of oxalate of ammonium into ox- 
amide, because dimethyloxamide is rnudi more volatile than oxamide. The diTiictlivl- 
oxamide collects in the neck of the retort in the form of long delicato needles iiiltr- 
lacing eacli other in all directions. 

The compound is also produced by the action of a solution of inethxdamine on 
oxalic ether, the products being alcohol and dimethyloxamide : 

C-(C‘^H''‘)®0* + 2CIPN = 2CHI«0 + . CMI"N®0*. 

This is the better mode of preppation. The reaction takes place imimidiatoly, with evo- 
lution of heat, the product being a w'hite magma composed of delicate needles; tln’so 
(hsHolve readily in hot water, and, as tlie solution cools, the dimethyloxamide eiystul- 
lises in the^f^m of long interlaced needles. It dissolves in alcohol less readily than 
water. I he fixed alkalis decompose it easily, with evolution of methylamine and 
formation of an alkaline oxalate : 

C*H*N202 + 2KHO = + 2CH*N. 

It is carbonised by phosphoric anhydride, 

(C*0*)"y 

Slethylozamide. = (C*H»)*Cn* (Wurtz, Ann. Ch. Phys. [3] 

^ B ^ / 

XXX. 490).— Obtained by mothods precisely similar to those which yield dimethyl- 
oxamide ; the reaction of etliylamino on oxalic ether affords the best mode of pre* 
paration. 

Diothyloxamide is more soluble in alcohol and water than oxamide. From the 
alcoholic solution it crystallises in beautiful needles. It is volatile, and condenses on 
the^ surface of cold bodies in woolly crystals. Potash decomposes it, forming ethyl* 
amine and oxalate of potassium : 

0*11' *N*0* + 2KHO « C*K®0* + 2C*H’N. 

Phosphoric anhydride carbonises it. 

Hofmann, by acting on ethylic diethyloxamato (p. 281) with ammonia, obtained a 
compound motameric with that just descrilied, but differing from it in the mode of ita 
ecomposition by alkali^ yielding, not 2 at. methylamine, but 1 at. diethylamine and 
1 at. ammonia. It may, in fact, be regarded as consisting of a molecule of diethylamine 
and a molecule of ammonia, bound together by the diatomic radicle oxalyl : 


|n 2 (Wurtz, Ann. Ch. Phys. [3] xxx. 
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(W’!^ + 2KHO 


C*K*0^ + C'H»'N + H»N. 


jTurt^’s diethyloxamide, on the other hand, consists of 2 at. ethylamine bound to- 
rether in a similar manner. 

Olamylozamiae. C'»H®N’0> = (C»H")* VN» (Wurtz, he. «<.).— Obtained 

H® j 

ly heatinf? etliylic oxaliito with aTnylamino. ^ It solid ifi eg to a mass of silky needles, 
K'lting at lt39^, and perfectly volatile. It is insoluble in water, but dissolves in hot 
Icohol, from which it separates almost wholly on cooling. 

Iffapbthyl-oxamldoa. a. Dinai*hthyj.-oxamide. Oxanaphthalidc. C*®II*"N=0* 

= (C®Ojr|N® (Zinin, Ann. Ch. Pharm. cviii. 22).— Produced, together with 

[iphthyl-formaraide, by the action of heat on neutral or acid oxalate of naplithylaminH 
-or the mode of formation and preparation; see ii. 681.) It forms small scales iiisoluble 
iVat(T, sparingly soluble in boiling alcohol, melting at about 200°. Wlien heated 
) 0 Te its melling point, it is gradually decomposed, giving off carbonic oxide and leaving 
Inaphthylcarbamide. ^ When boiled with alcoholic poUuh, or heated with Vb>ry 
rong aqumus potaah^ it is resolved into naphthylamino and oxalic acid. 


jS. Cyano-dinaphthyloxamidb. Mena - phthoximide . 


CN r" 
H } 

’erkin, Cliem. Soc. Qu. J. ix. 8). This compound, which has the composition of 
id nxalale of irienaphthylaminc mimoi 2 at. water — 2IP0 «= 

“11 is dt'posited from an alcoholic solution of dicyanide of menapJithylamine 

. 2i) mixed witli hydrochloric acid and left at rest, in small yellow spamTles 
soluble iu water, very slightly soluble in ahohol and ether. It melts at 215®, 
(1 deeompo.s(5S at 200®, emitting w'hite vapours probably containing cyfiinite of 
phUiyl. By aqueous potash and by acids, it is resolved into oxalic acid and rnenapb- 
ylainine. ^ 


Phenylozamldes. a. Monophenyloxamedb or Oxanilamidb, 

{C-o^y\ 

IJ^fmann, Ann. Ch. Pharm. Ixxiii. 181).— This body is 

iiid among the products of the decomposition of cyaniline by hydrochloric acid. To 
f pare It, a solution of cyaniline in dilute hydrochloric acid is evaporated; the white 
rstalhiic mas.s is frond from sal-ammoniac and hydrochlorato of aniline by digt stion in 
id water; the residue well boiled w'ith water; the solution evaporated to dr^mess 
<’r being filtered from diphenyloxamide ; and tlie residue exhausted by boiling with 
ohol Tlie alcoholic solution, wlion cooled or evaporated, deposits the monophenyl- 
iimide, which may be purified by recrystallisation from hot water. The compound 
not obtained by treating oxainethane with aniline. 

Fhenyloxamide forms snow-wliite, silky, capillary flakes, which sublime in the 
m^ot a soft powder. It is soluble in alcohol and ether, and crystallises from boiling 

strong sulphuric acid eliminates carbonic oxide and carbonic acid from it, and leaves 
puate of ammonium together with sulphanilic acid : 

2C«H«N20* + SH^SO* = 2CO + 200* + (C«NIP)2S*0« + (NH*)2SOb 

The originally transparent solution in strong potash-ley, from which acids throw 
‘ e phenyloxamide unaltered, becomes gradually clouded with drops of aniline, 
more quickly as it is stronger and warmer, then gives off* ammonia, and forma 

date of potassium : 

C»HsN202 + 2KHO « C*HrN’ + NH» + 

\ (C*0*)") 

• WHENYLOXAMIDE or OxANiniDE, C'^H**NW * (C^H*)* >N* (G erhar d t, Ann. 

H® 3 

120; XV. 88; — J. Pharm. [3] ix. 406; — Hofmann, Ann. Ch. 
Ixxiii. 181 ; Ixxiv. 35). — Thia compound is formed: 1. Together with 
J “ ormamide by heating oxalate of aniline to between 160° and 180° ; 
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(C'n’N)»C»H=0* = C'‘H'»N’0» + 2iP0. 

^OxalHte of aniline. Dlphenyloxamide. 

(C«H’N)2C*IIW = C’H^NO + C“H^N + CO* + 11*0. 

Phenj-Iform- 

amide. 

The applieation of heat must be continued till the evolution of gas ceases, and th 
solidified mass exhausted with alcohol, which dissolves the phenylformamide, an, 
leaves the diphenyloxamide. (G erhardt.) 

2. Together with oxamide and monophenyloxamide, in the decomposition of cyani 
lino by dilute hydrochloric or sulphuric acid : 

4C'<H‘^N^ + 8H20 + 8HC1 « 4NbPCl + 4C«IPNC1 + 

Cyaniline. Hydrochlorate Oxamide 

of aniline. 

+ 2C«IT®N20* + 

Phenyloxamido. Diphenyl. 

oxamide. 

The solution of cyaniline in excess of dilute hydrochloric acid is evaporated over thi 
water-bath ; the dry residue treated with cold water to remove sal-ammoniac and hydro 
chlorate of aniline, then with boiling water, to dissolve oxamide and monophenyloxamide 
and the diphenyloxamide which remains undissolved is purified by solution in benzene 
filtration, and evaporation, and by washing the crystals with alcohol. (Hofmann.) 

Propertifs. — Diphoriyloxamido crystallises in wliito nacreous scales, which melt ni 
245°, and solidify in a radiating mass on cooling. It boils at 320°, giving off a shaq 
vapour like that of benzoic acid, and distilling for the most part without decomposition, 
and sublimes at a gentle heat in iridescent laminae. It does not dissolve in water or ii 
dilute sulphuric acid, even at the boiling heat, but dissolves in slightly heated struhf] 
sulphuric add; and is precipitated therefrom without alteration by water. It is in- 
soluble in cold, sparingly soluble in boiling alcohol^ more soluble in benzene^ insoluldi 
in fiher. 

Decompositions. — 1. Diphenyloxamide subjected to rapid distillation yields a smal! 
quantity of oil containing a trace of anilocyanic acid, which gives it a powerful f)doiir, 
— 2. Bromine acts violently upon diphenyloxamide, giving off hydrobromic acid, nn.l 
forming a substance which dissolves in ether and crystallises therefrom (Gt*rliar(li), 
— 3. Hot gives off red vapours (G erhardt). Aqueous chromic ac/VZ ami 

Other dilut-e acids do not act upon it, even when heated. — Tlio solution of diplicnyl- 
oxamide in wann. oil of vitriol effervesces when strongly heated, giving off curboim: 
oxide and carbonic anliydride in equal volumes ; it then turns slightly brown, and, r,!! 
the addition of a small quantity of water, deposits a large quantity of anilosulphurii 
acid in the form of a white crystalline jK)wdor (Gerhardt) : 

CI4h«*N*0* + 2H’'S0^ ==* (C«H»N)*S*0® + CO + CO* + H*0. 

6. Diphenyloxamide distilled with phosphoric anhydride or chloride of zinc, gives ofl 
carbonic oxide and carbonic anhydride, and is almost completely carbonised; never- 
theless, especially with phosphoric anhydride, the oil which smells of anilocyanic acid 
passes over, topetber with sublimed diphenylcarbamide, in larger quantity t han when the 
diphenyloxamide is distilled alone (Hofmann). — G. Vapour of diphenyloxamide passed 
over red-hot lime yields a body which may be regarded as CIl^N* (Hofmann).— 

7. DipdienyToxamide heated with dry lime gives off aniline, and becomes partially car- 
bonised, and sometimes heated to redness (Gerhardt). Anhydrous eliminates 

scarcely anything but aniline (Hofmann). Diphenyloxamide heated yriih potash-U^nts 
hydrate of potassium^ or concentrated (not with dilute) potash-ley^ is resolved into a 
distillate of aniline and a residue of oxalate of potassium. ((J«rhardt.) 

(C«H»)*] 

y. Ctano-diphenyloxamidb or Mbbanoximide, C>*H"N“0* *= | 

H i. 

(Hofmann, Chem. Soc. Qu. J. ii. 307). — This compound, which has the composition 
of oxalate of melaniline minus 2 at. water, is formed in the decomposition of dicyan^^ 
molaniline by acids : 

C‘»H**N» -4- 2HC1 + 2H*0 C“H”N*0* + 2NH^CL 

To prepare it, dicyanomelaniline is dissolved in moderately strong hydtochloric 
and the gradually precipitated crystalline powder (or slowly crystallising resin) washc 
with water. It is a pale yellow indistinctly crystalline powder, insoluble in wa,Ur 
in aqueous adds, sparingly soluble in boiling alcohol, whence it crystallises in 
In aqueous ammonia or potash it dissolves at first without decomposition, and tasy ^ 
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’Mtated from the solution by acids; afterwards decomposition takes place. Ils 
in weak alcohol forms, with nitrate of silver^ especially on addition of a small 
litv of ammonia, a light yellow amorphous precipitate, containing from 25-4 to 
aiitl silver. ^ 

" — 1. Mt liinoximide melts when heated^ giving off a large quantity of 

honic oxide, together with a small quantity of carbonic anhydride (probably result- 
from a secondary decomposition), and with the strong- smelling vapour of anilocyanic 
'.fj about 10 per cent, of which condenses in the form of a yellowish liquid ; at a 
’i* P lieafc, the inelanoximide ultimately yields diphenylcarbamide sublimed in 
nulial inst crystals, and loaves a pale yellow transparent mass of resin. — 2. Melanoximide 
is but siTglitly di'eoniposed Vjy dilute sulphuric or hydrochloric acid ; but when dissolved 
in aIcoli<>i and boiled with concentrated hydmcliloric acid, it is resolved into oxalic acid, 
mclaniliue, and needles not yet fully examined, the solution at the same time aeqiiir- 
inn a deep yellow' colour, and emitting a powerful odour of aniloeyanic acid.— 3, Its 
'itroiiolic solution solidifies in contact with ammonia or potash^ either of which takes up 
a large quantity of oxalic acid, forming crystals of mehinilino ; and a similar decom- 
position takes place gradually in its solution in aqueous ammonia or potash, especially 
when concentrated. 

OXAITAPBTBAXiXBB. Syn. with Binaputhtloxamtue (p. 286). 

OXABXK AMIDE. Syn. wdth Phbnyloxamide (p. 285). 

OXANTZ^LXC acid. Syn. with Piienyi.oxamic Aero (p. 281). 

OXABIliXDE. Syn. with Diphenyloxamide (p. 285). 

OXABlltlMTE. C^H’NO (K. Schmidt, Chem. Soc. J. xvii. 194).— A base 
produced, together with other bodies, by the action of heat on amido-salicylic acid: 

C’H'NO* =r. C«H^NO + CO* 

Toohtiiiri it, amido-salicylic acid is heated with pumice-stone, and the resulting sub- 
limate is tremted with alcohol slightly acidulated with acetic acid ; oxaniline tlieii 
remains in the form of a white inodorous mass. It dissolves in hot water and hot 
alcoliol, and separates on cooling in slightly coloured cr}'stals. 

The aquo<nis solution turns brown in the air, and deposits a brown amorphous 
Bubstauee. It easily reduces the solutions of the noble metals, acquiring at the same 
time a splendid violet colour, wliicli is also imparted to it by nitric acid. When mixed 
with an alkaline liquid, it acquires a deep indigo-blue colour, which disappears on 
addition of an acid. 

Oxaniline unites readily with hydrochloric, hydrobroraic, hydriodic, sulphuric acid, 
&(*., forming soluble crystal! isable salts. The solutions decompose in contact with the 
air, if they are perfectly neutral, but are stable when acid. 

OXABTKRACESrE. See Paranaphthalkne. 

OXATOIiVIiXC ACID. (Moller and Strecker, Ann. Ch. Pharm. 

cxiii. 56.)— An aedd produced, together witli methylic alcohol, by boiling vulpic acid 
^'ith potash-ley of specific gravity 1’05 to 1*15 : 

Cu>H'^0» 3H*0 = + CH^O + 2CO* 

Vulpic acid. Oxatoly lie acid. Methylic 

alcohol. 

When the decomposition is complete, which may be known by the change of colour of 
the precipitate from yellow to a faint dingy tint, the oxatolylic acid maybe precipitated 
by hydrocliloric acid. It crystallises from alcohol incolourless, brittle, rightrhombic, four- 
sided prisms, terminated by domes. It melts at 154®, volatilises with decomposition at a 
higher temperature, is sparingly soluble in hot water, easily in alcohol and ether. It has 
a strong acid reaction, and forms easily soluble salts with the alkalis, sparingly soluble 
With the alkali ne earths. The harium-salt, C®®H*®Ba"06.4H*0, the silver-salt, C*“H'*AgO*, 
h ad-salty C''^II“®Pb"0®.4H“0, are crystalline precipitates ; the ethylic ethcr^ 
prepared by saturating the alcoholic solution of the acid with hydro- 
Jhlorie acid and heating, or more easily by treating the silver-salt with ethylic iodide, 
iorms colourless prismatic crystals, which melt at 46'5®. 

Oxatolylic acid, boiled with potash-ley of specific gravity 1*2 to 1*3, is resolved into 
oxalic acid and hydride of benzyl (toluene), C^H", which dhstils over : 

+ H*0 * + 2C'H® 

Itdi^olves vn. fuming nUrio add , forming ni t ro-oxato lylic acid, C**H®(N0*)0*, 
Which is resolved with greater facility by boiling potash into oxalic acid and hydride 
0* mtrobenzyl. 
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OXETHYL— OXYACANTHINE. 

OXSTBT&. This name is applied to peroxide of ethyl, C®H*0, entering into conj. 
bination as a monatomic radicle. (See Ethtlene-bases, ii. 693, and Phosphokus-basks \ 

Lie ben (Ann. Ch. Pharm. cxxxiii. 287), by treating the chlorinated derivative.s of 
ethyl ic oxide, (C^H*)®0, with ethyhite of sodium or alcoholic pot^h, has obtained com. 
pounds consisting of cthylic oxide in which 1 or 2 at. hydrogen is replaced by oxethyl* 

a. Oxeihyl-chlorethylic oxide^ C2H*(C*H®0) | compound is obtained by 

treating diclilornthylic oxide with an alcoholic solution of sodium : 

gSjo » ».o.n.o . * K.a 

The action begins at common temperatures, but requires the aid of a gentle heat 
to complete it. The alcoholic liquid is then to be mixed with a large quantity of water 
to dissolve ont the chloride of sodium, and the oil which separates washed with water. 
Alcoholic potash acts in a similar manner, but gives rise at the same time to the forma- 
tion of a considerable quantity of resinous products. 

The oil obtained as above consists mainly of oxethyl-clilorethylic oxide, 
which is heavier than water, has a very agreeable refreshing odour, and boils at 159° 
It is difficult, however, to obtain this compound pure, as, according to the greater or 
smaller quantity of sodium-ethylate employed, the product is contaminated either with 
dioxethyl-othylic oxide {md. inf.') or with diclilorethylic oxide. The latter may 
bo removed by heating the oil to 100® with aqueous potash, but the remaining oil is 
still contaminated with a more highly chlorinatcnl product. 

/3. Dioxethylio oxide^ C‘^IT<(C'‘*H*oj|^‘ — by heating dichlorethylic oxido 

in a sealed tube for some hours to about 140®, with excess of alcoholic potash or 
sodium-ethylate : 


+ 2NaC>H»0 = 

The product is washed with water or solution of chloride of calcium, and dried over 
chloride of calcium. When thus purified it is lighter than water, and boils at about 
108®. 

7. EthyUoxethylic oxide^ C*H^(cS* 0)| — ^Wlien ethyl-chlorethylic oxide 

^ product obtained by the action of zinc-cthyl on dichlorethylic ether, 

is treated with sodium-ethylate or alcoholic potash, and the product treated with water 
as above, an oil is obtained consisting chiefly of ethyl-oxethylic oxide, together 
with a very small quantity of another compound boiling at 70®. The principal re* 
action is represented by the equation : 


. KC^H.O =. . KCi 

Ethyl-oxethylic oxide is an oil of ethereal odour, lighter than water, and boiling at HB°. 
By using sodi urn-methylate instead of sodium-ethylate, and zinc-methyl instead of 
ziuc-othyl, a whole series of compounds might be obtained, homologous with those 
just described. (L i e b o n, ) 


See Oxygen. 


OXfiTKYXSXrs-BASBS. See Ethyj.ene-jiases (iL 593). 

OXBTBTZ-TRZBTHYXi-PBOSPBOXrzxrMC. See Phosphobus-basbo. 
OXKAVEBZTB. Syn. with Afofhyllite (i. 357). 

OXZB ATZOXr . ) 

OXZBBS. i 

2 Products of the decomposition of indican (iii. 247). 

OXOSrzc ACZB. Syn. with Glycoeeic Acid. F. Schulze applied this naine 
to the acid obtained by the action of nascent hydrogen on pure oxalic acid, supposing 
it to be a distinct acid (see ii. 910, No. 8). 


OXT7BZC ACZB. White, 'purpuric add. — These names were applied by Van* 
quel in to a product obtained by treating uric acid with nitric acid, and neutraliaiDg 
with lime ; it appears, however, to have been merely a mixture of alloxan and alloxanic 
acid. (See Gfndin^s Handbook^ x. 169.) 

OXYACABTBZir. A bitter neutral substance obtained by Leroy (Viertel- 
jahrsschr. pr. Pharm. viii, 675) from the whitethorn (Cratagus oxyacaniha). ' 

OXYACABTBZBTS. C«'H^«N*0" ? ^(polex. Arch. Pharm. ri. - 
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W acker, Jahresb. 1861, p. 545). — An alkaloid existing, together with berberine, in the 
root of Serheris vtilgaris. To extract it, the root is exhausted with alcohol, a little 
filter is added to the extract, and the alcohol is distilled off. The remaining liquid 
dojiosits a resin, which must be separated by filtration, and the filtrate when eonccii- 
trated dt'posita crystals of berborine. When the mother-liquors no longer yield this 
base, th('y are to be diluted with four measures of water and precipitated by carbonate 
of sodium, the precipitate washed with cold water and dissolved in dilutt^ sulphuric 
arid, the solution decolorised with animal charcoal, and the oxyacanthiiie again pre- 
cipitated by carbonate of sodium. (P o 1 e x. ) 

Oxyacanthine, when pure, is a white powder ordinarily with a yellowish tinge. It may 
b(- obtained in the crystalline state by spontaneous evaporation of its alcoholic solution 
mixed with a quantity of water not sufficient to render it turbid. It has a bitter taste, 
turns brown on exposure to air and light, molts when Jieated, and gives off water, em- 
pyroumatic vapours, and ammonia, leaving a carbonaceous residue (Polex). It melts 
in .'10° ti«d decomposes at a higher temperature (W acker). It is nearly insoluble in 
ioid water, but when recently precipibited it dissolves in a small quantity of boiling 
water. It is soluble in alcohol, other, and oils both fixed and volatile: its solutions 
havr an alkaline reaction (Polex). According to Wacker, it dissolves in 30 pts. 
of cold alcohol, and in its own weight of boiling alcohol of 90 per cent.; in 125 pts. 
cold and 4 pts. warm ether, also in chloroform. When precipitated by ammonia from 
its salts, it dissolves in a large excess of ammonia, much more easily in caustic 
potash, not in alkaline carbonates. 

. Oxyaeanthine is decomposed by mineral acids. Nitric acid when boiled with it first 
rcsiuises it, and then converts it into oxalic acid and a body resembling berberine, 
whi(‘h is precipitated in yellow flocks by water (Polex), With iodic acid and a small 
quantity of water, it separates iodine, assuming a yellow or brown colour. (AVacker.) 

Aif'dried oxyacanthine has, according to Wacker, the composition 

'Hie salts have a bitter taste (Polex). The hydrochlorate, C®“7P‘*N'“^0”.2IIC1.4H*0, 
orystallises in white nodules ; so likewise the mljyhatc, and the less soluble nitrate^ 
which contains 4 at. water. Tlio oxalate crystallises in sparingly soluble needles ; tho 
tff .7 fate is micrystal lisablc. ( W a c k e r.) 

The iK'utral solution of the acetate gives a white precipitate with tincture of galls, 
nil ride of silver, mercuric chloride, tartar-emetic, and stannous chloride; brown-red 
will] iodjii(3; yellow with platinic chloride and picric acid: it is not precipitated by 
inert' nrous nitrate, ferric chloride, neutral or basic acetate of lead, copper-salts or 
gt'hitin. (Polex.) 


OXTAiarXSAXMCXC ACXI>. 


C»n*NO» =. (C*moy''|Q..— Already described a» 

its it as del ‘ ‘ 

"|o». It 


an an is am ic acid (i. 296). — The rational formula just given represents it as derived 

from a triatomic and monobasic oxyanisic acid, = (C®IP'0)"' 

also be regarded as a m i d o - a n i s i c acid, C*IP(NH')0®. H 


Biazoaolfi-oxyaiilasmlo Acid, or I>iazoanimmidanisic acidy C’“II'®N*0® = 
C‘'1PN‘0".C“H®N0*, (P, Griess, Ann. Ch. Pharm. cxiii. 337; cxvii. 44; Jahresb. 

1S59, p. 467; 1861, p. 414). — An acid produced by the action of nitrous acid or a 
nitrous ether on an alcoholic solution of oxyanisamic acid : 


2C«IPNO» + NHO* = + 2WO. 

The roaetion must take place at a rather low tomperatiiro, and all excess of nitrous 
aoitl must be avoided. 

Diuzoanis-oxyanisamic acid is a yellow or greenish-yellow amorphous substance, 
analogous in its properties and reactions to diazobenzo-oxybenzamic acid (p. 291). 
It may be regarded either as formed from a double molecule of oxyanisamic acid by the 
substitution of 1 at. nitrogen for 3 at. hydrogen, and represented by the formula 
(^'®(H'®N'")N'“0*, or according to Griess, as a compound of diazoauisic acid {i.e: 
»nisic acid, CWO*, in which 2 atoms of hydrogen are replaced by 2 atoms of 
nitrogen), wdtli amido-anisic acid (i. c. anisic acid in which 1 at. hydrogen is replaced by 
anmh)gen, NH*), that is as C»llWO®.C‘‘ir(NH*)0». 

The reactions of diazoanis-oxyanisamic aciu are similar to those of diazbenzo- 
oxybenzamic acid, y^xth. hydrochloric acid it gives off nitrogen and forms hydro- 
chlorate of oxyanisamic acid, which remains dissolved, and a red amorphous 
powder C'®I1**0’, which, when purified, exhibits the characters of an acid: 

2C>«H'»N»0« + 2HC1 + H*0 « 2(C«H®NO».HCl) + + N«. 

^thylic diazoanis-oxyanisamate (vid^inf.) behaves with hyilrochloric acid in a similar 
Planner. Chloranisic acid is newr formed in this reaction; neither is bromanisic 
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acid produced by the action of hydrobromic acid on diazoanis-oxyanisamic an'H 
on the contrary, forma io da II i sic acid and hydriodate of 
anisic acid: ^ 

CI6Hi»N*0® + 2HI « C®H'IO* + C»H®NO*HI + N*. 

The iodanisic acid separates as a reddish crystalline mass, and when purified form 
small needles easily soluble in alcohol and ether, nearly insoluble in water. The hvd * 
chlorate of oxyanisamic acid which remains in solution, may be obtained in stelllt 
groups of laniiiue and needles. “ 

.Diazoanis-oxyanisamic acid suspended in boiling alcohol is decomposed by nitrou 
acid, with evolution of nitrogen and formation of anisic acid and acetic aldehyde ■ ' 

+ HNO* + 2C'^H«0 = 2C«H»0» + 2C‘'H^O + 2IDO + N* 

Diazortois-oxy- Nitrous Alcohol. Anisic acid. Aldehyde. 

aniBHinic acid. acid. 

Alkalis decompose diazoanis-oxyanisamic acid, forming oxyanisamic acid and 
above-mentioned red body 

The diazoanis-oxyanisarnates, or (accordine 

to the atomicity of the metal), are very unstable in solution, but when dry they ciin 
bear a heat above 160“ without decomposition. The alkali -metal-salts are soluble in 
water ; the rest are yellow or gre<‘nish-yellow precipitates. 

The ammonium-salt forms golden-yellow laminie, and decomposes rapidly when its 
aqueous solution is boiled. The potassiiim-saU, forrns golden- 

yellow lamium which give off three-fourths of their water at 120°, the remainder at 
about 160° ; at 180“ the salt decomposes with slight detonation. The sodium-salt 
2C"*JJ'»Na"N"0‘*.3H*0, ciystalliacs in golden-yellow six-sided tablets. The magnesium- 
salt forms greenish-yellow crystals sparingly soluble in water. 

The fthers of cliazoanis-oxyanisamic acid are prepared by passing nitrous acid 
vapour into alcoholic solutions of the corresponding oxyanisamic ethers. The etki/Jir 
ether is easily soluble in hot alcohol, whence it crystallises on cooling in narrow yellow- 
red laminae; it is likewise soluble in ether, but insoluble in water. The methylic dkr 
IS exactly similar. ^ 


OXTBSWZil.MZC ACm. 


IT® ■) 

C’H®NO® = (Cai^O y I 


Bcnsamic avid, 


Am%d.ohensoto acid, (Zinin, J. pr. Cbem. xxxvi. 103.— Chancel, Compt. rend.xxviii. 
422.--Gerland, Ann. Ch. Pharra. Ixxxvi. 143; xci. 185.— Voit, ibid. xeix. 100.) - 
This acid, the amic acid of oxybenzoic acid C^P'O®,. was formerly called Btmamk 
amd; but the denomination is improper since benzoic acid is monobasic and cannot 
nrT? 5 /TSTT 2 ^Jv£° • (i. 165). It may also be regarded as amidohe.nzoic acid 
U U (JNM )U , that IS as benzoic acid in which 1 at. hydrogen is replaced bv ainidouwi. 

It 18 metamenc with phenyl -carbamic acid, (CO)" 

, . H 

It IS best prepared by dissolving nitrobenzoic acid in aqueous ammonia, and 
saturating the boiling solution with sulphuretted hydrogen, air being excluded as far as 
possible, rile liquid is decanted from the separated sulphur, and neutralised with 
acetic acid, when it deposits crystals of oxybenzamic acid, which are purified by recrystal- 
hsation from water (CTerland). Schiff (Ami. Ch. Pharm. ci. 94) obtlins It by 
digesting mtrobenzoic acid with iron-filings and acetic acid. C b an c e 1 obtains it by 
boiling oxybenzodianiide^ with strong potush until ammonia ceases to escape, and 
super-saturating the liquid with acetic acid. The following are the reactions : 

+ 3H®S = -i- 2H®0 + S* 

Nitrobenzoic acid. Oxybenzamic acid. 

C®H*N®0 -H KHO = C’H«KNO* + NH» 

Oxybenaodiamide. Potasslc Oxybenzamate. 


Oxybenzamic acid forms white ciystalline nodules, or transparent needles, according 
as Its aqueous solution is evaporated rapidly or slowly. It has a sweetish-sour taste, 
and reddens litmus strongly ; is sparingly soluble in cold water; readily in boiling 
water, alcoM or ether. Its solution decomposes by exposure to the air and yields a 
brown resinous substance. When heated, it melts, gives off irritating Vapours, and 
leaves an abundant residue of carbon. Heated with spongy plaUnum, it is d^mposed 
into aniline and carbonic acid. Heated with solid potash, it gives off ompyren* 
matic va^urs containing ammonia, but no aniline; under the same circumstances 
phenylcarbamie acid yields aniline abundantly. Boiled with fuminQ nitric ceid, 
It IS converted into trinitrophenic (picric) acid. When nitrotia acid fv^ are passed 
into Its aqueous solution, nitrogen is evolved, and a red amorphous p^pitate formed, 
vbicn redissolves if the action of the gas is prolonged : the solution yiel^ on evapora- 
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tion crystals of oxybenzoic acid. Nitrous acid passed into an alcoholic solution of 
oxybouzamic acid converts it into diazobenzoxybenzamic acid {md. inf.)\ but 
when a solution of oxybenzAmic acid in cold aqueous or alcoholic nitric acid is exposed 
to the action of nitrous acid, the product consists of nitrate of diazo benzoic acid, 
C^H'NWNHO*. (Griess, p. 293.) 

Oxybonzamic acid is converted into benzoic acid by boiling with water and peroxide 
of manganese^ ot permanganate of potassium^ and by chlorine (in an aqueous solution). 
In an alcoholic solution, chlorine produces a black resinous substance, insoluble in 
water, soluble in alcohol with violet colour. It is attacked by poiassic chromate and 
sulphuric acid, carbonic anhydride being evolved. 

Me tallic Oxyhenzamates. These salts resemble the anthran ilates 

very closely. The ^aline and alkaline-earthy salts are readily soluble in water and 
alcohol, and crystallise with difficulty. When heated with potash or lime they evolve 
carbonic anliydrido, aniline, and ammonia. The copper-salt is a green precipitate, 
insoluble in water and alcohol, soluble in acids. There are three lead-salts; one, 
jnilv(*rulent and insoluble in water; another forming sparingly soluble needles; a 
third, more soluble, forming shining laminae. The silver-salt is a white curdy precipi- 
tate, which soon becomes crystalline ; in boiling water it becomes violet-brown, but 
docs not dissolve ; it is decomposed when heated above 100° 

Oxy-henzamic ethers. (Chancol, Compt. rend. xxx. 751.) — The only two 
known are the oxybmzamate of methyl^ CW(0H‘')N02, and of ethyl , C’Il“(C'‘^H*)NO*. 
They are obtained by the action of sulphide of ammonium on the corresponding nitro- 
heiizoates ; on the addition of water, they separate as heavy oily liquids, and are 
purified by rcpieated solution in alcohol and precipitation by water. Potash converts 
them into oxyboiizamic acid and the corresponding alcohol; ammonia, into oxybenzo- 
diamide and the corresponding alcohol : 

C^n'^NO* + NH’ C’HWO + c^n^o. 

Oxybenzamate ethyl. Oxybeiuodlamide. 

Like phenyl -carbamic acid, oxybenzamic acid combines directly with acids. The 
hjdrochlorate of oxybenzamic acid, C’H^NO^.HCl, separates in groups of needles, when 
liyflrochloric acid is added to the liquid obtained by treating nitrobenzoic acid with 
snipliide of ammonium (Voit), With dichloride of platinum, it forms a yellow ckloro- 
plafinatr, 20’IPN0'^.H^C1^R'^CP. The niirate, CGl'NO*^NO»H, is formed when oxy- 
bonzsiniic acid is boated with nitric acid ; the acid dissolves quietly, and crystals 
out- on cooling, which are repeatxjdly crystalliaod from water. It forms thin 
hniiiiim, permanent in the air, and soluble in water and alcohol. The sulphate, 
is formed when oxybenzamic acid is dissolved in strong sulphuric 
acid. Heat is evolved ; and t he mixttire solidifio.s on cooling into ama.ssof shining crystals, 
which are purified by reorystalliHation from hot water. It is permanent in tlie air, and 
has an intojisoly sweet taste. It is partly decomposed by hot water, sulphuric and oxyben- 
zamic acid.s being formed; the same decomposition is elfecttid by potash, by the carbo- 
mtes of barium and lead, and by boiling with chloride of barium. (Gerland.) 

F. T. 0. 


H 

Aoetoxybenzamlo Acid, C®H®NO* =» ^Q 7 ^*Qy' q (G. C. Foster, Chom. 

H 4 

Soc. Qu. J. xiii, 235). — This acid, mctameric with hippuric acid (benzoxacetamic acid, 
C’H^O I N 

(CHPOY' r O' produced : 1. By heating oxybenzamic acid with 

? .) 

acetic acid to 130° — 140° in a sealed tube ; 


C’H^NO* + = C»H»NO* + H*0. 


2. By the action of chloride of acetyl or acetic acid on oxybenzamate of zinc : 

C‘<H>*Zn"N*0* + 2C*H*OCl - 2C»H»NO» + Zn"Cl* 

The first process is the best. The product is dissolved in an alkali, precipitated with 
hydrochloric acid, and purified by recrystallisation, with aid of animal charcoal. 

Acetoxybenzamic acid is a white powder consisting of microscopic crystals, nearly 
insoluble in cold water and ether, sparingly soluble in boiling water, easily in boiling 
alcohol. Like hippuric acid, it dissolves easily in ordinary phosphate of sodium, forming 
fta acid solution from which it is precipitated by acetic acid and by mineral acids. With 
strong sulphuric acid and glacial acetic add, it forms colourless solutions which are 
precipitated by water. Wfth hydrochloric and nitric adds it appears to form solid but 

u 2 
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easily dficoinposible compounds. It sublimfts at 200®, mplts between 220® and 230® 
and begins to boil at 260'". It is not decomposed by boiling with water or with dilut«I 
acids, but when heated with hydrocUorm or dilvte sulphuric acid to 140° in a sealed 
tube,’ it is resolved into acetic acid and (hydrochlorate or sulphate of) oxybenzamic 
acid, just as hippuric acid is resolved under simihir circumstances into benzoic and 
oxyacetamic acid or glycocine (iii. 158): 

C»iPNO* + IPO = + C^H^NO*. 

When treated with an alcoholic solution of hydrochloric acid, it yields, slowly in th^ 
cold, more quickly at 100®, oxybenzamuto and acetate of ethyl, together with the freo 
acids. When nitrous acid is passed into a boiling solution of acetoxybenzamic acid, 
or when a mixture of the lalter with nitric acid is treated with nitric oxide gas, azo- 
compounds are produced, but no acetoxybenzoic acid. 

Acetoxybenzamates. — The potassimn- and sodium-salts are easily soluble in 
water and in alcohol, insolublo in ether, and difficult to crystallise. The sodiim-.salt 
dried at 120® has the composition C*H*NaNO*. — The ba?'ium-salt, 
is also easily soluble and crystallises in slender needles.- -The calcium-salt, 
C*"H‘*Ca"N®0® 3H*0, is deposited from the hot solution in thin rhombic laminjE.— The 
lead^salt is a white precipitate which melts in boiling water and gradually dissolves.— 
Nitrate of silver and chloride of zinc do not precipitate moderately strong solutions of 
acetoxy benzamatos. 

Ktkylic oxyhcnzamatc appears to be obtained as an oily, gradually solidifying com- 
pound by beating acetoxybenzamic acid with alcohol to 150®. 

fjTjpio 2^ 

Benaoxybenzamlc iLcld, C*^H*‘NO* =* 0* 

H M 

duced by the .action of chloride of benzoyl on oxybenzaniato of zinc. The product, 
which is insoluble in ether, sparingly soluble in water and in alcc hol, and resoTuhlra 
acetoxybenzamic acid in taste and in appearance under the mi(?rosco]K>, is probably idcu- 
tical with the glycohenzamic acid which Ca hours obtained (Ann. Oh. Pharm. ciii. DO) 
by treating oxybenzamate of silver with chloride of benzoyl. (Foster.) 

Blazobenzo - ozybenzamlc or Blazobenzo- amldobenzoie Acid. 
QHjjnN»0< = 0^H^N*(P.C’IPN0*. (P. Griess, Ann. Ch, Pharm. cxvii. 334: cxvii. 1.) 

— This acid is a product of the action of nitrous acid on oxy brmzamic acid; 

2C’lPNO* + NHO» « C‘^H"NO< + 21PO. 

It may be regarded either as a double or conjugated acid composed of a moleciilo 
of oxybenzamic acid associated with a moh^cule of benzoic acid having 2 atoms of 
hydrogen replaced by 2 atoms of monatomic nitrogen, as repre-sented by the preceding 
formula, or as a double molecule of oxybenzamic a<;id having 3 atoms of hydrogen 
replaced by 1 atom of triatomic nitrogen, in which case it may be called azo-dioxy- 
b e n z a m i c a c i d, and represented by the formula C*XH”N"')N’*^0^ The former is the 
view adopted by Griess for this acid and itsS lio.moIogiu‘.s. 

It i.-i prepared by passing nitrous acid vapour into an alcoholic solution of oxy- 
benzamic acid externally cooled (the aqueous solutiou does not yield a pure product), 
or bettor by mixing nitrite of ethyl (obtained by saturating alcohol in the cold with 
nitrous acid) with alcoholic oxybenzamic acid, and heating the mixture to about 30°. 
The acid then separates in microscopic crystals, which may be purified by washing 
with alcohol. 

Diazobenzo -oxybenzamic acid forms crystalline granules or sma 11 needles of a fine 
orange-yellow colour. It has neither taste nor smell, and is nearly insoluble in wateft 
alcohol, ether, sulphide of carbon, chloroform. It dissolves in mint ral acids, especially 
with aid of heat, but does not separate therefrom without alteration. It dissolves in 
potash and in ammonia, and is precipitated from the solution by acids, even by acetic 
acid. It may be dried at 100° without decomposition, but at 180® it explodes and 
gives off gas with violence. Hydrochloric acid at a gentle heat, converts it into 
chlorobenzoic acid and hydrochlorate of oxybenzamic acid, with evolution 
of nitrogen : 

C»H^N20*.C»H^NO* + 2HC1 = C^H»C10» + C^H»NO*HCl + N*. 

Hydrwdic acid acts in a similar manner, producing iodobenzoic acid C’H*I0* 
and hydriodate of oxybenzamic add. A similar action appears also to be exerted by 
hydrojluoric acid, hydrocyanic acid, and the bromide, iodide, ^c., of ethyL Bromine in 
the anhydrous state acts with ^eat violence on diazobenzo-oxybenzamic acid, nitrogen 
and hvarobromic acid being given ofl^ and a resinous mixture formed, consisting o* 
several brominated acids. If bromine be added to the acid suspended in water, the action 
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tnkcs place more quietly, and a product is olitainod from which bromobenzoicacid, 
and tribromobenzoicacid, C^IPBr^O'* (or compounds isomeric therewitli ), 
jRiiy be sepamted. Brominated derivatives of oxy benzoic acid and of oxybenzamic acid 
<n‘f probably formed at the same time. Chlorine acts like bromine. Iodine acts less 
riier^*tically, the dry vapours not attacking the acid at all; but when iodine is added to 
water in which the acid is suspended, iodoxybenzoic acid is formed, together 
M'iih hydriodatc of oxy beiizainic acid. The former of these products is nearly 
insoluble in water, tho latter easily soluble: 

C'<H"N«0* + I* + H'^O = + C’irNO*.ni + N*. 

Fuming nitric acid decomposes diazobcnzo-oxybcnzamic acid with violence, and sets 
it oji tire. Ordinary concentrated iiiiric acid dissolves it at a gentle heat, forming a 
reddish liquid, which decomposes at a higher temperature, with violent evolution of red 
Viipmirs; and the remaining liquid, wlien evaporatc^d, yields among other products, 
rrvHtals of trinitroxybonzoic acid, Nitrons acid passed into 

lioiliiig water in which diazobenzo-oxybeiizamic acid is suspended, converts it into 
in'f roxybenzoic acid, C’H‘‘(N02)0\ with evolution of nitrogen. Probably oxy- 
bcji/oic acid is tirst formed, accoi’ding to the equation : 

C14H"N“0* + NHO* = 2C^H«0» + . 

but if the diazobenzo-oxybenzamic acid bo suspended in alcohol previously s itiirated 
with iiitrou.s acid, an additional quantity of nitrous gjis then passed into h and the 
alcohol afterwards evaporated, a red-brown residue is obtained, consisting chiefly of 
.sal y lie acid. The reaction appears to take place as folloM^s : 

C'^H”N=*0' + 2CTPO + NHO* == 2C’IPO* + 2CHPO + 2H-0 + 

Diazobenzo-oxybcMi- Alcohol. Nemus Salylic acid. Alilehyde. 

zainic acid. acid. 

When a solution of diazobenzo-oxybenzamicacid in aqueou-s ammonia is evaporated till 
nitrog(Mi ceases to escape, then a little further concentrated on the water-bath, ‘and mixed 
with hydrochloric acid, a red amorphous substance separates, having apparent ly the com- 
position ; and the liquid rtjtains oxybenzamic acid combined with hydixichloric 

acid ; 

2(J"H"N*0* + H*0 + 2C^IPN02 + 

]) i cl z 0 1) e n z o - 0 X y b o n z a m a t e s. Tho acid dissolves in alkalis, neutralising them 
ooinplctely, and e\pel.s carbonic acid from carbonates. The general formula of its salts 
is or C'HPM"N*0^ according to the atomicity of the metal. Tho diazo- 

beiizo-oxylKUizaniUtes of tho alkali-metals are easily soluble in watcir, stable when dry, 
but decompose easily in solution, giving off nitrogen gas. With solutions of the earth- 
metals and heavy metals, the acid firms in.soluble or sparingly soluble preciintatp.s. 

The forms rnicroseopic needhfs. The potassmm- 

salt, is Viest prepared by di.ssolvii)g the acid in a large excess of carbonate 

of potassium heated to about 80'^. It then separates on cooling in extremely small 
}T'llowish-wliiU) needles, wliicli exhibit brilliant iridescence wliilo floating in the mother- 
liquor. It disacjlves readily in hot water, crystallising therefrom in nodules ; sparingly 
in a strong solution of carbonate of potassium; not at all in alcohol or ethor. After 
drying in the air, it docs not give off any thing at 160®, but detonates at a higher 
temperature. Tin; sodium-salt clo.sely resembles the potassium-salt. The harium-satt^ 
(■'TPBa"N*0\ is obtained by mixing the solution of tlie potassium-salt witJi nitrate of 
barium, as a yelhj wish- white crystalline precipitate, nearly insoluble in water, quite 
in.soluble in alcohol and ether. The calcium-salt is very similar. The mag^iesium-salt 
crystalli.ses in yellow needles often grouped in small spheres, readily soluble in water. 
"Xhe ferric salt is a yellow precipitate. The zinc-salt is yellowish, amorphous, iu.soluble 
in water. Tho copper-salt when dry is a greenish amorphous powder. Tlie mercnric 
is H yellow-green precipitate. The silver-salt, C*Hl*Ag*N"0*, obtained by tr<*ating 
1 neutral solution of the ammonium-salt with nitrate of silver, is a greenish-yellow 
relatinous precipitate, yellow when dry, insoluble in water, alcohol, and ether, per- 
nanent at 100° C, detonating at higher temperatures. 

lliazohenzo-oxyhenzamic ethers. The compound, C*HP(C*IP)*N*0^, 

^obtained by passing nitrous acid gas into an alcoholic solution of ethylic oxybenzamato, 
md separates in yellow crystals, which quickly increase, and cause tho liquid to solidify, 
f not too dilute. By washing with cold alcohol, and recrystallisation from boiling 
h'ohol, the ether is obtained in golden-yellow capillary needles. It is insoluble in 
^uter, moderately soluble in boiling alcohol and ether. Molts at 144°, but does not 
olidify again till it has been kept for a day at a low temperature. When strongly 
niitod, it decomposes with evolution of nitrogen. It dissolvesi though with difficulty 
3 dilute acids, and is precipitated by ammonia. 
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The methylic ether, C‘^IP(CH»)*N»0^ may be prepared like the ethyl- compound, op 
better by pising nitrons acid into an ethereal solution of.methylic oxybenzamate. Jt 
separated in crystalline spherules, which dissolve with moderate facility in wann 
alcohol, and separate on cooling either in the same form or in obtuse lancet-shaped 
yellow crystals. It is insoluble in water, melts at 160J^, and exhibits the samepeculi. 
arity in solidifying as the ethyl-compound, which it likewise resembles in other 
respects. (Griess.) 

SlasBobenzoio .A.cid. = jj |0, (Griess, Ann. Ch. Pharm. 

cxx. 125). — This acid is separated by alkalis from its compound with nitric acid, as a 
yellow mass which quickly decomposes. It unites with other acids, namely with nitric 
and hydrochloric acids, and with oxybenzumic acid, forming the acid just descrilied. 

Nitrato-diazobensme add, C'H*N*0* = C’H^N^O'^.NHO'*, is produced by the action 
of nitrous acid on a cold solution of oxybenzamic acid in aqueous or alcoholic nitric 
acid. It separates from the solution in white prisms, which dissolve sparingly in 
cold water, and explode violently when heated. Boiling water decomposes it quickly, 
with evolution of nitrogen, separation of nitric acid, and probably with formation of 
oxybenzoic acid : perhaps thus, 

C'H‘N*0*.NH0> + H^O * C’II®0* + N* + NHO». 


Eihylic mtrato-dinzohmzoate is obtained by tlio action of nitrous acid on ethylic 
nitrato-oxybenzamate ; its aqueous solution mixed with auric chloride, yields a gold-salt, 
tPH*(C‘H*)N®0*.ITCl.AuCP, which crystallises from alcohol in golden-yellow prisms. 

The platinum-salt of chlorhydrato-diasobenzoie^ acid, 2C^Il*N‘^0*.2HCl.Pt‘^Cl\ is 
obtained in yellow prisms on mixing an aquoou.s solution of nitrat/)-diazobenzoic acid 
with platinic chloride. When treated with sulphydric acid, it yields sulphoxyben- 
zoic acid, probably thus, 

2Gai^N'-‘0'“.2HClJPtCP 4IFS * 2C’H«02S + 6IIC1 + PtS^. 

7 K2 

Bioxybenxainlc iLcld. C’H«NW - . (Vo it, Ann. Ch. Pharm. 


xeix. 106.) — This acid, which may he regarded as a diamic acid derived from a hypo- 
thetical dioxybenzoic acid, |o*, or else as diamido-bonzoic acid, 


C’H^(NH*)*0*, is formed by the reduction of dinitrobenzoic acid by sulphuretted hydrogen 
or ferrous acetate. A hot ammoniacal solution of dinitrobenzoic acid is saturated with 


sulphuretted hydrogen, filtered,, evaporated on the water-bath, saturated with hydro- 
chloric acid, and filtered hot ; and the crystals of hyclrochlorate which separate are 
converted into sulphate, and decompo.sed by barytic carbonate. The filtrate on evapor- 
ation (first over a water-bath, finally over sulphuric acid), yields small, greenish, pointed 
crystals of dioxybenzamic acid, which have no taste, are neutral to litmus, and soluble in 
water, alcohol, or ether; they melt and blacken at 196°, and cannot be sublimed. 
Nitrous fumes passed into its hot solution from a red resinou.s mass. 

This compound is no acid, for it does not combine with bases ; on the contrary, it 
combines with several acids, forming definite, mostly crystallisable salts. The acetate, 
obtained by decomposing the sulphate with acetate of barium, turns brown on evapor- 
ation, and finally deposits brownish prismatic crystals. The impure hydrochlorate 
obtained as above, is purified by solution in water and addition of hydrochloric acid; 
the pure compound, C'H"N*0*.2HC1, is then obtained in white needles, solnblo 
in water, alcohol, or ether. Its solution decomposes in the air, or when heated. 
It does not precipitate platiuic chloride, but the mixture, when evaporated over 
sulphuric acid, yields brown crusts of the cfdoroplatinatc, 2C’H*N’0*.4HCl.Pt*’Cl^ 
The nitrate and oxalate are both crystalline and dark-coloured ; the sulphate may h« 
obtained almost colourless by recrystallisation from alcohol ; it js less soluble in alcohol 
than in water. F T. C. 


OXraS»rZOBZJLllKZ3>a. C^H»N*0 a ^'midohmzamide^ 

^ ^ ^^|n. (Chancel, Ann. Ch. Pharm. bdi. 274.)— This compound, isomeric 

with phenyl-carbamide or aniline-urea (i. 766), is obtained by the action of snlphi^* 
of ammonium on nitrobenzamide in aqueous solution : 


C’IP^0’)0|jj ^ gjj,g ^ ^ ^ g. 

It separates from the solution in crystals containing 1 at. water (C’H*N*0.H*0), whij^ 
it gives off at 100° — 120°. It is soluble in water, alcohol, and ether, but the alcohohe 
solution quickly turns red and appears to decompose. Crystallised oxybenzo dis®® 
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melts at 72®; the dehydrated compound above 100° ; at higher temperatures it decom- 
poses, leaving a carbonaceous residue. When gently heated with ‘potaah-liTne^ it is 
resolved into ammonia and oxybenzamate of potassium : 

C^fl*N*0 + KHO - NH» + C'H«KNO*, 
the latter being further resolved, at a higher temperature, into aniline and potassic 

carbonate : 

C'IPKNO* + KHO « C«H’N + K‘CO*. 


Heated with sulphuric acid^ it is resolved into carbonic anhydride, acid sulphate of 
ammonium, and phenyl-sulphamic acid : 


C'II«N*0 


2H*SO^ 


CO* 


NHV 
H i 


SO* 


Oxybenzodiamide unites with acids. The nitrate, C^H®N*O.NIIO», forms crystalline 
crusts or nodular groups of prisms sparingly soluble in water. On mixing moderately 
dilute solutions of oxybenzodiamide and silver-nitrate at the boiling heat., the liquid on 
eouJing deposits the compound C’H"N‘-O.NAgO® in needles which biicome coloured 
ulicM exposed to light. The hydrochlorate, C^IT*N^O.HCl, crystMllises from aqueous 
bt'lul itui in small needles. A solution of oxybenzodiamide in boiling water, mixed with 
( xccss uf hydrochloric acid, and then withplatinic chloride, yields long orange- coloured 
I-risms of the i>latbuun-salt, 20’H“N'-'O.H‘CP.Pti’'CK (C h an c el.) 

An etlicrt^al solution of oxybenzodiamide treated with nitrvus acid, yields white explosive 

I * 

iHvJles of nitrate of diazobenzam ido, >N.NHO*, which, when treated 

with hydrochloric acid and platinic chloride, yields the salt 2C^H*N*O.H'''’Cl®.Pt‘'^Cl‘*. 
(Griess, Ann. Ch. Pharm. cxx. 127.) 

H 

OXYB£XirZOZC ikCZB. G’H^O* = (C’H'O)" 

M 

rinirm. xci, 185. — Griess, ibid, cxvii. 1 ; Zcitschr. Ch. Pharm. 1862, p. 97.) — An 
acid iiutaiiicric with salicylic acid, obtained: 1. Py the prolonged action of nitrous acid 
on o.\ybcnzamic. acid (Gerlaiid). In this reaction, which yields but a small quantity 
(d' oxybenzoic acid, diazobeuzo-oxybonzamic acid is first formed, and afterwards par- 
tially eonvert<‘d into oxybeiizoic acid (Griess, p. 292). — 2. It is much more easily 
obtaiiied by decomposing nitrato-diazobeuzoic acid with boiling water (Griess): 

Car'N*0‘*.NH0» + H'^O = C^H'-O* + NITO* N*. 


vO*. (Gerland, Ann. Ch. 


Oxyhenzoic is a colourless or yellowish cry^stalline powder, sparingly soluble in cold water 
and alcohol, easily soluble in tlie same liquids at boiling heat ; the solutions are strongly 
acid. If, iTudts at a higli temperature, and distils without decomposition; volatilises 
^vith vajMjur of water when its aqueous solution is boiled, and condenses in shining 
needles. It i.s permanent in tlie air, Jind does not lo.se weight at 100-'. When quickly 
heated, it splits up (like salicylic acid) into carbonic anhydride and pheiiylic alcohol ; 
the {l<!coiuposition takes place more eiusily when the acid is heated with slaked lime. 
It i.s distinguished from salicylic acid by tlio fact that its aqueous solution is not 
eolonred violet by ferric salts. (Gerland.) 

Oxybenzoic acid is monoba.sic; it displaces carbonic acid and neutralises alkalis. The 
oxybenzoates of the alkali-metals are very soluble and difficult to crystallise ; those of 
the alkaline earth-metals are less soluble and crystallise in needles; the restare insoluble 
in water and in alcohol, but soluble in acids. The lead-salt conUiins C*^ll‘®Pb''0*. 
(Gerland.) 

lodoxyhenzoic acid, C’II*IO*. — Produced by the action ofiodine on diazobenzo- 
^xylHuizainic acid (p. 292). It usually crystallises in long narrow colourless laminae, 
^’hich sublime at a gentle heat, but are decomposed when quickly heated, giving off 
vajjours of iodine. (Griess, loc. cit.) 

^itroxyhenzoic acid, CTPNO* « C’H*(NO*)0* is formed by the action of nitric 
ncid of specific gravity 1*36 at ordinary temperatures on oxybenzoic acid ; with stronger 
nitric acid, more highly nitrated products are obtained which explode violently when 
heated (Gerl anti). The mononit rated acid is also produced by the action of nitrous 
5i(:id on diazobenzo-oxybenzamic acid. (Griess.) 

^oxybenzoic acid dissolves in hot water, and separates on evaporation in fine yellow 
fvystals belonging to the rhombic system. It has a bitter, disagreeable taste, and 
imparts a yellow colour to a large quantity of water. It is strongly acid and displaces 
carbonic acid. Sulphide of ammonium decomposes it, with precipitation of sulphur. 

^ilroxybmzoaie of potassium^ C’H^K(N0*)0 is sparingly soluble in cold, easily 
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soluble in boiling water, and crystallises tberefrom in beautiful golden-yellow shinino 
prisms, resembling picrate of potassium. It explodes slightly when heated. (Gerland^ 

Trinitroxy benzoic acid, C»H*N*0®«C'H\N0*'*)W, is produced by the action oi 
ordinary nitric acid at a gentle heat on diazobenzo-oxybonzamic acid. It crystalliseg 
in nearly white rlioiiibic prisma, which have an intensely bitter taste, dissolve easily in 
water, alcohol, and ether, forming yellow solutions, melt when heated, and detonatrt 
violently at higher temperatures. The acid is decomposed by sulphide of ammoniam, with 
separation of sulphur, and formation of a new compound. 

The trinitroxybenzoates, or C’HM"N'’0*, are nearly all soluble in 

w.Hter, and som e of them form fine crystals. The amnwniu7n~salt contains 
2H‘0 : the barium-salt and the sUver-saJt are anhydrous. (Grioss.) 

OJC’STBTrrTRZC iLCZB. This name is sometimes applied to Wurtz’s butyluetiu 
acid, (i. 688), produced by the action of dilute nitric acid on hydrate of atnylene. 

I'riedcl and Machuca, however (Ann. Ch. Pharrn. cxx. 279), apply it to an acid 
having the same composition as biitylactic acid, but differing from it in some resp(^cts, 
which is obtained by oxidising dibromobutyric acid with silver-oxide. It forms a 
zinc-salt containing C“IP^Zn"0* which crystallises in radiate nodules, not in nacreous 
laminae, like the butylactate. The acid separated from the zinc-salt yields on evapor- 
ation a syrup which crystallises in vacuo or over oil of vitriol, in deliquescent rosettes. 

OXVBUT'SlZOX'B’Zi-PROPZOXrZC STBER. Kolbo’s name for Wurtz's 
0»H’0 ^ 

butyrolactic ether, (C®TT^0)">0^ which he represents by the formula* 

C'lP } 

OXY'CARBOX'S'ImZO ACZB. C'®IP®0“* — An acid produced by the action of 
chlorine or nitric acid on trihydrocarbo^^lic acid (iii. 189). It crystiillises in hard, 
colourless, rhombic prisms, insoluble in alcohol or ether, sparingly soluble in coldwalcr, 
easily soluble in dilute nitric acid. When heated to 100®, or treated with warm wator 
or with bases, it becomes brown-red, and is converted, with evolution of gas, into diby- 
drocarboxylic acid. (Lerch, Ann. Ch. Pharrn. exxiv. 20.) 

Carboxylic acid^ is known only in its salts, which are formed by 

oxidation of the hydrogen in the trihydro-, dihydro-, and hydro-carboxylates. The 
7ieutt(fil potassium-salty C*"K^O*®, is black, but turns red when exposed to thoair. A 
green crystalline potassium-salty C‘®HK‘‘0*®, the corresponding ammonium-salty 
C'®fl(NH‘)®0‘®, and a red acid potassium-salty C'®IPK20*®, have likewise been obtained. 
These salts when decomposed by acids, yield, not carboxylic but rhodizonic acid, 
according to the equation : 

C^®H^O*® + 2H-"0 = 2C®H*0® 

Carboxylic Rhodizonic 

acid. acid. 

OXTCARiaziirzc ACZB. C®n®0^ — ^An acid, said by Schutz#nberger(Ann. 
Ch. Phys. [3] liv. 52) to exist in cochineal, together with carminie acid (see Cabmiws, 
i. 804). 

OXTCHXiORZC ACZX>. Syn. with Pebchlobic Acm (see Chlobime, Oxidks 
AND Oxygen-acids op, i. 910). 

OXYCHIiORZBBS. Also called Basic Chlorides, Compounds of metallic 
chlorides with the basic oxides of the same metals ; they may be formulated on tbe 

^ produced by imperfect precipitation of a metallic chloride 

with an alkali, e, g. of mercuric chlori'le by lime-water ; by the action of water oo 
metallic chlorides, as in the precipitation of antinjonious chloride by water; by the 
partial decomposition of chlorides by oxygen, or of oxides by chlorine at high teiDpc>^‘*’ 
lures. Several oxychlorides occur as natural minerals, having been formed by tb® 
action of air and water on chlorides (see the several Metaes). 

OXYCBXiOXOCAXBOXZC ACZX>a Syn. with Cillobidb of CABBOlfTX of 
Phosgene (i. 774). 

OXTCZBrCXOmXS. C*®H«N*0*. (H. Streckep, Ann. Ch. Pham. ooiHi* 
379.) — A base isomeric with quinine, obtained by the action of potash or silver^Aidfl 
on an alcoholic solution of dibromocinchonine (i. 978). By passing carbonic acid g** 
into the solution after prolonged boiling till the potash is neutralised^ then evapoi»tin& 

« H = I, C = 6, 0*8. 
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treating the residue first with water, then with alcohol, and leaving the alcoholic solu- 
tion to cool, oxycinchonine is obtained in colourless crystalline laminae, easily solublo 
in acids. The solutions are not fluorescent, and do not become green on addition of 
clilorino-vrater and ammonia. The neutral .mlphate, 2C2®H«N‘‘0'‘*.II*S0<. crystallises 
Jill. The chloroplatinate, C-ir-N'^O^H^Or^.Pt-ClS is light yellow, sparingly solubk in 
hot water, insoluble in alcohol and ether. The di-acid salts do not crystallise. 
OXTCOBAXiTXC SAXiTS. Seo Cobajlt-bases, Ammoniacal (i. 1056). 
OXYCROCOWrXC ACXD. Syn. with Leuconic Acid (iii. 684). 

It* ) KT 

OXTOUMIKAMIO ACID. C-H'*NO* = (C'»ir«0)''l^ or Amidoctiminic 

m7flf,C'‘’H*'(N]^)0*.--An acid derived from oxycuminic acid in the same manner as its 
homologiieoxybeiizamicacid IS derived from oxybenzoic acid (seo CuminicAcid ii 179') 
piazocimin-oxytmminamic a(dd, ;= C»«ir«oN‘'02.C'“I£*3N(3=, is obtained bv 

the action of nitrous acid on an alcoholic solution of oxyeuminamic acid cooled with ico 
carefully avoiding an excess of nitrous acid. Itcrystallisos in yellow microscopic prisms 
orlamiiue. It is the least stable of all the compounds of the series, being decomposed 
with evolution of nitrogen when boiled with alcohol. Its reactions are precisely 
analogous to those of diaaobenzo-oxybenzamic acid (p. 291). ' 

OXTCVMXmc ACID. See CuMiNic Acid (ii. 179). 

OXTSXBHOM[OPBBinrD.SlTIiPKOBZO ACID. C»H<Br'SO< — An acid 

produced by tlie action of boiling water on diazo-dibromophenyl-sulphuri’c acid 

THKNYL-SUlaPllUltlC AcID). ^ ' 

OXYBRACYX.AMZC iLCXB. Syn. with Paba-oxybkxzamic Acid. 
OXYFBUORZDXSS. Fliiorine-compound.s analogous to the oxychlorides. 
OXYGSR. Atomic weight 16. Symbol O, — Synonyines : Oxuq^nc Oxvaeniujv 
um Air, Ihm Air, J)q>h^ii,jatid Air, Feurrliift, Ai idifying pnrwiyll 
Oxygen IS the most abundant of all the ch-m.mts. It forms ciglit-m'ntlfs of water 
nearly one-fourth of the air. and about one-half of silica, chalk, and alumina, the too 
most plentiful constituents ot the earth’s surfiice. With a few exceptions only of 
which the principal arc rock-salt, fluor-spar, blende, galena, and pyrites; it enters into 
he constitution of aU important rocks and miueral.s. Independently of its existence 
in the water of the tissues, it is an essential constituent of all living organisms. It is 
ahsorbed by am uuils during respiration, and evolved in the free state by growingvege- 
tahles when exposed to sunlight. The oxygen of the atmo.sphero is mechanicX 
mixed with the nitrogen and other constituents, but is chemically free or uucomhine/ 
Oxygen gas was discovered by Priestley in 1774, and ayear fater by ScheeleS 
yAS, 11 US). Its iiaruo is derived from 046, acid, and 76K to produce becaust^ it u-m 
ormcrly regarded us es.sential to the constitution of an acid. (See Acids i 41 ) 
he- be prepared by applying a greater or loss degree of 

Loi nVn subsUinces, such, for instance, as the oxides of mercury, silver, 

£at s -I" of hydrogen, barium, lead and manganese fand the 

tmoratLs nitrates, bichromates, &c., of potassium and other bases. 

oril mv o£nAr%'^ s^ubstance from which oxygen was 

/ iVnuvV receiver, and oxygen gas, which may be collect^ ovL water. 

mu\Tvd ^ of oxygen when large quantities are 

bottle, whereby oxygen 

^ -v A; off, and a lower oxide of manganese left behind : 3MnO-' = Mn»0^ + 
th« ifiH fnn pota^dum, however, constitutes the most generally available source of 
ofhi’nl J P.i;jTarft.tion on the laboratory scale. When strongly heatedinafla.sk 
of oxygen, and leaves a residue of chlo- 

^liis (lecomnrl^r The temperature required to effeet 

lusiblee^^ high, that the- flask, though made of diificultly 

lastforp^o ’ becomes softened, and yields to the pressure of the gas, wliieh at 

its oxytren wt' tlirough its side or bottom. It is found that the chlorate gives off 

of sornp mxxf lower temperature when mixed with about one-eighth of its weight 

circumstrncAfi copper, or iron, or manganese. Under these 

^uniixed chlorate is mplo^ed^^^ resulting gas is less pure than when the 

“I"!?"® hj/poehloriu of aikium (bleaching powder), 

<^idoride of ^ ^ quantity of peroxide of cobalt, is completely resolved into 

the meS™ and oxygen. The ps is evolved with great ease and regularity, so 
ethod IS well adapted for the jireparatioii of largo quantities. The saiiio 
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quantity of cobalt-poroxide (about i to A of the weight of the bleaching powder) may bg 
repeatedly used for the purpose, as it does not undergo any permanent change/but 
appears to act merely as a carrier of oxygen, first taking it from the hypochlonte* and 
passing to a higher state of oxidation, and then giving it up again. The special pre. 
paration of the cobalt -peroxide may even be dispensed with altogether, a few (Iron! 
of any cobalt-solution being simply added to the solution of bleaching powder at the 
commencement of the process ; the cobalt is then immediately converted into peroxide 
by the oxidising action of the hypochlorite. It is necessary to use a clear solution of 
bleaching powder, as if milky it is apt to froth considerably, (h'leitmann, Aijn.Cli. 
Pharm. cxxxiv. 64.) 

e. IWoxide of barium^ when strongly heated, ^ves .up one-half its oxygen to pro. 
duce baryta: B'aO'^ = BaO + O. By passing a current of moist air over the 
less heated baryta, it absorbs oxygen and re-produces the peroxide, which a stronger heat 
again decomposes ; so that, by repetitions of the process, a small quantity of the peroxide 
can, as was shown by Boussingault (Chem. Soc. Qu. J. v. 269), furnish an indefi. 
nitely large quantity of oxygen. A patent for the preparation of oxygen in this man- 
ner and its application in various chemical operations, has been taken out by Messrs, 
ywindells and Nicholson (Chem. Gaz. 1855, p. 139). 

C. Devi He and Deb ray (Compt. rend. li. 822; Ann. Ch. Pharm. cxvii. 295) 
recommend for the preparation of oxygen on the large scale : — 1. The ignition of zinc, 
sulphate, which at a temperature not higher than that required for the decomposition 
of pt'roxide of manganese, gives off a mixture of sulphurous acid and oxygen. — 2. Tlu- 
decomposition of sulphuric acid, which, when passed in the state of vapour over vv\\. 
hot platinum-foil or platinum sponge, is resolved into sulpliurous acid and oxygen. ]|y 
passing the gaseous mixture obtained by eitht;r of these processes through water or an 
alkaline solution, the sulphurous acid is absorbed, and the oxygen set free. The 
aqueous sulphurous acid thus obt ained may be utilised in the manufacture of sulphuric 
acid. The decomposition of sulphuric acid in this way is recommended by Deville 
and Debray, also by De Luca (Compt. rend. liii. 156), as the cheapest of ail methods 
of obtaining oxygen in large quantities. 

7]. Another im-thod which has been proposed for obtaining oxygen on the manufac- 
turing scale is the ignition of a mixture of nitrate of sodium and oxide of zinc. (Sec 
an examination of this process by J. II. Pepper, Chem. News, vi. 218.) 

2. Oxygen may also be prepared by the action of sulpihuric acid, at a moderate trni- 
perature, upon certain higlily oxidised compounds, such as the peroxides of lead and 
manganese, the bichromate and permanganate of potassium, &c. These reuetions are 
seldom employed for tlie purpose of obtaining free oxygen gas, but arc extremely cou- • 
venient as means for allbrding oxygen to various other bodies, or, in other w'ord.s, for 
oxidising them. Thus hydrochloric acid HCl, when treated with sulphuric acid and 
permanganate of pota.ssiiini, becomes hypoelilorous acid HCTO. Alcohol C*11'’‘0, wlaii 
treated with sulj)huric acid and peroxide of manganese, yiekis aldehyde and 

water H“0. Cuminic acid C'”J1'“0*, treated witii bulphuric acid and acid chromate of 
potassium, yields insolinic acid C’'IPO, together with carbonic anhydride CO'* and 
two atoms of water 211^0. The reactions, so far as regards the evolution of oxygeu, 
arc as follows : 


H-SO* 

+ 

MnO^ - 

MnSO* 

+ 

H-0 

+ 

0 

2H-^SO^ 

+ 

KMnO< « 

KMu(SO^)» 

+ 

2H20 

+ 


4H2SO< 

+ 


2{KCr(SO«)«} 

+ 

4H*0 

+ 

0* 


3. Oxygen may be obtained by the electrolysis of water, being liberated at the 
positive pole. (iSee Elkotuicity, ii. 432.) 

4. When fresh mint, or parsley, or other active leafy plant, is immersed in carbonic 
acid water and exposed to sunlight, oxygen is liberated from the leaves in considerable 
quantities. The experiment is best conducted in a tiUl inverted cylinder, so that the 
oxygen gas may collect in its upper part, by -displacement of the carbonic acid water 
w hich should originally fill the vessel. 

5. There are numerous other reactions which serve to liberate oxygen, but they are 
not employed as means for the preparation of the gas. Some of them, however, are 
very interesting. Thus when oxide of silver reacts with peroxide of hydrogen, there 
are produced water, metallic silver, and oxygen : 

H'^0* + Ag»0 = H'^O + Ag* + O*. 

Properties . — Oxygen is colourless, tasteless, and inodorous. It is the least refiractive 
of all the gases. It has resisted eveiy attempt to effect its liquefaction. It is the most 
magnetic of all gases (see Magnetism, iii. 773). It is heavier than atmospheric air 
in the proportion of 1T066 to 1 0000. It is very sparingly soluble in water, 100 wl- 
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about 3 volumes of the gas. (See 
(jASKii, Aosokption OF, 11s • “•*) Nearly all natural watera contain dissolved oxy- 
Lren und can only be freed therefrom by prolonged ebullition in vacuo. The chemical 
inactions of atmospheric air depend principally upon the oxygen which it contains: 

; thf air being, in its chemical relations, merely oxygen gas mixed, or diluted, with about 
tour times its volume of nitrogen. 

Oxygen in the free state, whether or not diluted with nitrogen, manifests considerable 
(•hemicKl activity, even at ordinary temperatures. With the single exception of fluorine it 
liius been made, directly or indirectly, to unite with eveiy known element. Some reactions 
(,f oxygen are interesting from their employment as means for detecting the presence of 
th. ■ gus, or effecting its removal. Thus an alkaline solution of white indigo absorbs oxygen 
rapidly, at the same time becoming blue. An alkaline solution oiavyrogallate absorbs 
oxygen, forming an op^iie black liquid. Nitric oxide gas, which is perfectly colourless, 
iinius with oxygen to form deep orange-red vapours. Phosphorus slowly absorbs oxy- 
gen, as iron-wire, moi&Head-turnings, moist saw-dust, and many inctaiiic 

l ouipoiinds, such, for instance, as ammonio-subchloride of copper, or chlorid (3 of cupros- 
aminoniiim, the protohydrates of iron and manganese, the white double cyanide of 
potassium and iron, &c. 

Th« majority of the metals, when in the massive state, remain perfectly bright and 
iniacted upon in dry oxygen or air ; but in moist oxygen or air, many of them become 
slowly oxidised, a'he coating of oxide first formed frequently protects the metal from 
more than a supf^rficial oxidation, as is notably the case with lead. Some of the 
ordinarily perinanf'iit metals, when in a very finely divided state, for instance lead as 
ol.tained by the ignition of its tartrate, andiron as produced by the ignition of Prussian 
hl»(‘, undergo so violent an oxidation, that spontaneous combustion results from their 
mcro exposure to air or oxygen. Hence th(?y are termed pgrophori. Various other 
bodies, wliich expose a large surface to the action of air or oxygem, become gradually 
hiated through slow oxidation, and finally undergo spontaneous combustion. Greasy 
tow iiml woollen refuse are peculiarly liable to this action. ^ 

>hiiiy substances, when heated to redness, unite with oxygen, and thereliy give rise 
to the phenomena of combustion or biurning. The combustions of phosphorus, charcoal, 

[ Milpliur, iron, zinc, and naphthalene, in undiluted oxygon, constitute very brilliant ex- 
periments. In eiich case the results are oxidised compounds of tlie substance burned. 

1 le weight of oxidised products corresponds exactly with the weight of the body burned, 
pill,-, the weight of the oxygen consumed. When an ordinary combustible body, such 
wood, paper, or wax candle, is infianied in air and then immersed in a vessel of 
I'xygen, tlie combustion proceeds with greatly increased intensity. If the flame of the 
wn( 111 , paper, or wax candle be extinguished, and any portion of the substance be loft 
'u a glowing state, it will, when imraersod in oxygen, immediately burst into flame. 

1 ns IS a very characteristic property of undiluted, or but slightly diluted, oxygen, 
winch it shares only with nitrous oxide gas. A jet of hydrogen' gas burns in oxx^en 
in aip, but more rapidly. Of course the two gases can only unite whore they are in 
cuiitaet with one another, that is immediately around the jet of hydrogen. Hence for- 
was said to burn, and the oxygen merely to support combustion. 

• it, It a jet of oxygen be introduced into a vessel of hydrogen, the flame will proceed 
rim"^ hydrogen become the supporter of combustion. For this 

w. i 1 . contained in a somewhat narrow-mouthed inverted iar, should 

luiiiteu at the mouth of t.hf* inr H'Vioti ..i 


•/- O'", jiaLiuw-iiiuuLiJL'u inverieu jar, snouia 

the iar. Then the jet of oxygen, in passing through the 
Ignited and bum in the interior of the jar. In like manner, 
mado^to burn in aramonia-ga.s, by introducing it through a bent tiil>c 
fl.niuf flask in which strong aqueous ammonia is kept in a state of gentle 

and applying a lighted taper to the end of the tube. (Heintz, Ann. Cli. 
fiKirm. exxx. 102.) 

evolution of light and heat in oxidation, the conditions of inflamma- 
of hZlf of flame, &c., see Combustion (i. 1089). Kespecting the quantities 

evolved in the oxidation of various bodies, see Heat (hi. 102). 

capable of replacing, directly or indirectly, hydrogen, chlorine, bromine, 
clem *1 atom of oxygen always taking the place of two atoms of each of those 

tH iitaM ^ conversion of alcohol into acetic acid by direct oxidation, and of 

^ onao of phosphorus into the oxychloride by the action of water, w'e have: 

« C*H®0 + O - H* 

PCFO « PC1» •+ O - Cl®. 

^ Oasone— Under certain circumstances, oxygen gas acquires 

constit t ^^c^cased chemical activity, together with a peculiar smell. In this state it 
potas one {t^eiy), and has the characteristic property of decomposing iodide of 

-«ium, with liberation of iodine. Oxygen gas tJnuugh which electric sparks have 
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been passed, that in which phosphorus, ether, turpentine, and some other suhstrinp 
have been slowly oxidising, and that produced by the electrolysis of an add iL:? 
alike react with iodide of potassium as above described. According to Andrevr!’ 
the ozone produced by these three processes is the same, and consists solely of oxvf»?‘ 
in an nllotropic state. According to Williamson and Baum ert, the ozone vr** 
duced by electrolysis is a trioxide of hydrogen as is probably also that prodivi 

by the oxidation of phosphorus. With regard to the ozone produced by electri( i 
diseliarges, they admit tliat perfectly dry oxygen is capable of being modified by such 
discliarges, but consider that the peculiar properties of ozone are not manifoHtcd until 
the action of moisture upon the modified oxygon has resulted in tlie formation of 
trioxide of hydrogen. The recent conjoint experiments of Andrews and Tait, how- 
ever, and likewise those of v. Babo, seem to have established the correctness of the 
former view. 

More than half a century after Van Manim’s original observation, that oxygou 
througli which electric sparks had been passed acquired a peculiar smell and the power 
of attacking mercury, Schdnbein, in 1840 (Pogg. Ann. 1. 01 6), published his first, 
paper on ozone. He showed that in the electrolysis of acidulated water, an odorous 
gas was produced at the piositive *pole, whicli might be preserved for a long time in 
well closed vessels. He also observed the same product to res’.ilt from the (liscliaJi^cs 
in air of a common electrical machine, and recognised the identity of the snjoll with 
that accompanying a flash of lightning. Soon after he noticed the production of ozono 
by the slow oxidation of phospdiorus in moist air or oxygen. Marignac and De In 
Hive then showed that ozone might be obtained by passing electric sparks throiiirh 
perfectly dry oxygen, a result confirmed by Fr e m y and B e c q u e r e 1 (Ann. Ch. Phv s. [?,] 
XXXV. 62; Cliem. Soc. Q,u. J. v. 272), and subsequently by Andrew.s (Chem. Sol-. 
Qii. J. ix. 108). But they" found, on the other hand, that dry air or oxygen did not 
become ozonised by tran.8*iission over dry phosphorus. Freiny and Becquerol 
ascertained that, pure oxy^gen gas, standing over a solution of iodide of pot:is.siun>, 
might be completely absorbed liy the pas.sage of electric sparks through it. Dry 
oxygen, however, as shown by Andrews, can be only’^ partially ozonis(‘d by electric 
dischurgos, unless, indeed, tno ozone bo absorbed as fast as it is produced. 
Hou zeau (Chom. Soc. J. viii. 237) noticed the ozonic character of oxy*gen .set free 
by the a(?tion of sulphuric acid upon peroxide of barium. According to JDe Luca, tliL! 
oxygen evolved by the action of light upon plants is also ozonic. Sell o n be in, nnd 
also Phipsoii (Chem. News, viii. 103), have observed tliat air in contact with tlio 
juice of fungi becomes ozonised; the latter also finds that ozone i.s produced wluai frtsdi 
slices of apple are expo.sed to the air, and is of opinion that tlie processes of ferraeiitatiou, 
putrefaction, and decay, are likewise attended with ozonisatioii of the air. 

Ozone is be.st prepared by one or other of the following i^rocesses. o. Ozonised air 
or oxygen may be obtained by placing ono or two sticks of clean moist plios])hui*ns 
in a bottle of air or oxygem, when, aftor an hour or so, the smell of ozone will be very 
obvious. The sticks of phosphorus should then be taken out, and the gas wa.slicd 
with water to remove tlie phosphorous acid. If lihe phospliorus be allowed to reimiin 
in the bottle for several hours, the ozone gradually disappears. Or, a current of moist 
air may be slowly forced through a succession of large Wolfe’s bottle.s, containing 
each a few sticks of clean phosphorus, and finally through a U-tube containing water 
or dilute alkali. The junctions should l>e as few as po.ssible, and should be efFoetod 
with sound corks, or preferably by grinding. Ozone may be at once produced by 
plunging a heated glass rod into a mixture of air and ether-vapour. 

/8. By electrolysis of water acidulated with sulphuric acid. According to Andi’ews, 
a mixture of one volume of sulphuric acid with three volumes of water is most pro- 
ductive; while Bauincrt recommends the electrolyte to consist of water strongly 
acidulated witli both chromic and sulphuric acids. The following arrangement may be 
advantageously adopted. A coated wire, having attached to its extremity a piece of 
crumpled platinum foil, which constitutes the positive electrode, is dipped into the 
electrolyte contained in a cylindrical porous cell, and an inverted tube-funnel, just 
sufficient ly small to slide into the cell, is suspended therein, over the foil. This funnel 
serves to collect the oxygen which, during the electrolysis, issues in a continuous 
stream from its narrow orifice. The negative electrode may be constituted of a plut« 
of platinum foil dipping into another vessel of the electrolyte, surrounding the porous 
cell. Electrolytic oxygen has not been found to contain more than ^ part of 
weight of ozone. 

y. Ozone may be obtained b^ passing electric discharges through air or oxygen- 
Oxygen gas, prepared by heating chlorate of potassiuni, is conducted succesrivcly 
through a strong solution of caustic potash, and over pumice and oil of vitriol. 
Electrical discharges may then be passed through the gas in its transit, wherry ** 
sti*ew of pure ozonised oxygen is obtained j or the gas may first be collected by 
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(Jisplaccment in suitable tubes, and then ozonified by the discharge. Andrews 
U‘^u;llly collects his oxygen in a stniight glass tube, one end of which, previously 
contracted by the blowpipe, is in comiminication with the supply of gas, while the 
other end is fused to an almost capillary piece of tubing, bent in the form of a 
U-gauge. After tlie l ube has been two or three times alternately exhausted by an air- 
pump, and filled with oxygen, the extremity of the capillary gauge is detached from 
the iiir-i»ump, during the passage of the gas, and dipped into oil of vitriol. The 
supply of gas is continued for some time longer, and the excess allowed to bubble 
tiirough the oil of vitriol in its escape. The contracted extremity of the reservoir 
j,art of the tube, in eommunioation with the source of oxygen, is then sealed by the 
blowpipe, and a few bubbles of gas are expelled by gentle warming. Upon cooling 
oil of ritriol is drawn into the gauge, so as to coniine the oxygen in the reservoir 
The free extremity of the gauge is next sealed in such a manner as to leave a small space 
I of air above the oil of vitriol. Then by means of platinum wires, previously fused into 
the rcserv'oir, electric discharges are passed through the oxygiui, whereby it becomes 
ozonified. In this way, any alteration in the bulk or tension of the oxygen, conseiment 
upon the production or subsequent destruction of the ozone, is recognisable by an altera- 
tion in the level of the oil of vitriol in the gauge. Andrews found that the Ruhmkorff 
.Mpjirk was ill-suited for the production of ozone, and that even the ordinary machine 
.‘.jjark was mui-h less eflEectivo than the silent discharge, obtained by attachint^ one of 
flic platinum wires of the reservoir-tube to the prime conductor, and the other to the 
pround, and turning the machine slowly. 

Jn addition to its property of displacing iodine from iodide of potassium 
. zone is found to bo rapidly absorbed by mercury, and to bo completely dcsiroyed or 
((.•com})osod at a terapcralure of 250<^— 300° Availing tbcmsclvcs of these properties 

.A ndrews and Tait obtained the following resnlt.s. When the silent discharge was 
passed through piu*e dry oxygen contained in one of the gouge-tubes, condensation was 
observed to take plaeo, at first rapidly and then more slowly. The maximum con- 
tmctioii ever obtained was equal to of the entire volume of I he gas. On heating the 
rontraefed or ozonised gas to 300^, it recovered its original volume; and this alternate 
ountraction by tlie silent discharge, and rp.storation by a tcmiporary heat, could be re- 
[.raied an indefinite numlxjr of times. The extreme contraction graduaily diininislied 
whf'ii the tube WHS sot aside for some days. Tiie ordinary eloci rical spark effected a 
very small contraction of the gas, not exceeding .Ao of the whoh*; and when the spark 
discharge wa.s jiassed through the gas contracted by the silent discharge, an expansion 
took p ace corresponding to tlie excess of contraction effected by tlie silent di.seharge 
'fHoiid tliat which the spark-discharge could have produced. I5y inti^oduciiig info the 
r. scryoirs of tlm tubes, helore filling them with oxygen, small quantit ies of mnTury op 
solution ot iodide of potassiwm, contained in thin glass bulbs, and then ozonifyiiig by 
tlie siJent discharge, so as to produce a much contracted gas, Andrews was* able to 
^ upon the ozone with these reagents, which could be set free for th<‘ purpose bv a 
^mart, concussion and consequent fra(‘tiire of their containing bulbs. After the action 
^ ct tljo nuirciiry or lodidtj of potassium upon the contracted gas, it no longer underwent 
‘iiiy permanent expansion when heated to 300^, showing the complete absorption or de- 
roMiposition of the ozone by the reagent. But very curiously, this absorption of the 
■oiu Mils nut attended with any diminution in the bulk of the contracted oxygen, 
h.ilt oxygen absorbed by the reagent occupied no part of the 

mx 01 the ozonised gas, inasmuch as its removal did not diminish that hulk. When 
was absorbed by solution of iodide of potassium, the amount of iodine 
was found to correspond exactly with the amount of original contraction, 

Tt n 1 the quantity of oxygen which had apparently ceased to occupy sriace. 

If wa result seems to be best explained by tho following hypothesis, 

be compound of oxygen with oxygen, and the contraction to 

combiiiatioij, then if one portion of this comliined or con- 
bv ito were absorbed by the reagent, the other portion would be sot. frea, and 

volum . niigh^pund to the volume of the whole. Thus, if we suppose three 

then condensed by their mutual combination into two volumes, 

thirds w ®J>rbmg one-third of this combined oxygen by mercury, the remaining two- 
volumeH ^ consequently expand to their normal bulk, or two 


2 vols. 2 %'ol8. 

— + +— 

u 0/>0 + Hg = Hg0 + 00 

niaxinium contraction of ^ wonid indicate the conver- 
and r I ^ ^ oxygen into ozone. Similar results have been obtained by Babo 
lausius (Ann. Ch. Fbarni. Suppl. i. 297 ; Jahresb. 18G3, p. 137). 
ews also ascertained that a stream of dried electroly tic ozone, wlien heated to 
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deoompoaition, and passed over phosphoric anhydride, did not afford a trace of moistnrf. 
When passed consecutively through solutions of iodide of potassium and oil of vitriol* 
the increase in the weight of the two liquids, from the absorption of the active oxysau 
corresponded exactly with the equivalent of iodine set free, as estimated by Bunsen’ 
volumetric method. But, according to Williamson (Ann. Ch. Pharm. liv. 127) and 
B aumert (Pogg. Ann. Ixxxix. 38 ; Chem. Soc. Qu. J. vi. 169), dried electrolytic ozone 
does yitild water as a product of its decomposition by heat. According to Baiimert 
also, dried electrolytic ozone when passed consecutively through solution of iodide of 
potassium and oil of vitriol, sets free a quantity of iodine corresponding to only 22 qj 
the total increase of weight of the two liquids. Hence the formula, previously BUff. 
gested by Williamson, H*0* ; for H*0* = H^O + 0'“', or 60 = 18 + 32, whence 
O* 3a of H-O**. Andrews’ view is however confirmed by the recent experiments 
of V. Babo (Ann. Ch. Pharm. SuppL ii. 26.6 ; Jahresb. 1863, p. 131), and of Soret 
(Ann. Ch. Pharm. cxxvii. 38 ; exxx. 96). Andrews found that electrolytic ozonised 
oxygen, when decomposed by heat in one of his gauge-tubes underwent a variaUu 
increase of bulk, according to tlie proportion of ozone present. The expansion, how- 
ever, never exceeded ^ of the entire volume of gfts. 

The general characters of ozone are those of an oxidising agent. Thus, it cor- 
rodes organic matter, as shown by its rapid action on caoutchouc or viilcanito con- 
nectors. It bleaches most vegetable colours, as exemplified particularly by its conver- 
sion of indigo into isatin. It oxidates black sulphide of lead into white sulphate of 
lead, changes the yellow forrocyanide into the red ferrideyanido of potassium, and 
colours moist .sulphat.e of manganese brown from formation of the hydrated per- 
oxide. It is absorbed by moist iron, copper, mercury, and silver, with production of 
their respective oxides. Moist silver is even converted into the state of peroxide. 
Dry ozone is also readily absorbed by dry mercury and dry iodine. 

In some casc.s, however, ozone acts as a deoxygenant. Thus it decomposes poroxide 
of hydrogen and peroxide of barium, with evolution of inactive oxygen, derived both 
from the ozone and the peroxide, as represented hypothetically by the following 
equation - 

— + - ^ + -f — 

O O O + O O « 2 O O o. 

pry ozone is decomposed in unlimited quantity by the dry peroxides of manganese and 
lead, and l)y black oxide of copper, these oxides not undergoing any alteration of weight 
by the reaction. It is also decomposed to an unlimited extent, by dry silver leaf or 
filing.s. These unlimited cffccls may bo explained by the succ^essivc, or simultaneous, 
occurrence of oxidation and reduction. Thus dry silver leaf is at first obviously oxi- 
dised by ozone ; and the oxide of silver so formed is then reduced, and so on consecu- 
tively. 

Ozone is practically insoluble in water and acid solutions. When ozonised gas is 
passed through potasli or soda, tlio first portion.s are al>Korl)ed, probably from the 
presence of some organic Trial ter Iti the alkaline liquid, but after a little time, the ozone 
passes through apjiarently unaltered. 

Schdnbe.in (Ann. Ch. Pharm. cviii. 157) regards ozone as permanently negative 
oxygen. He also Violieves in the existence of a permanently positive oxygen, or aiito- 
zo7n\ which at present is known only in combination ; and considers that inactive oxy- 

^ — + 
gen is a product of the union of ozone and antozone O O. 

This idea of the existence of two essent ially distinct varieties of oxygen, which is like 
wise advocated by Meissner {Untersiwkungm uher den Sauerstoff, Hannover 1863. 
Jahresb. 1863, p. 126), is founded chiefly on certain differences observed in the 
behaviour of oxygen evolved from the alkaline peroxides on the one hand, and that 
evolved from peroxide of manganese or peroxide of lead on the other, the formj’r 
exerting for the most part a reducing, the latter an oxidising action. But Brodie 
showed several years ago (Phil. Trans. 1860, p. 769), and has further demonstrated by 
more recent experiments (Phil. Trans. 1863, p. 837 ; Chem. Soc. J. xvi. 316), that the 
positive or negative character of oxygon (and indeed of every other element) is 
permanent, but depends essentially upon that of the other elements with which it w 
associated at the moment of chemical change (see page 304 ; also iii. 198). , 

According to Meissner, ordinapr oxygen is resolved by electrisation into ozone an^ 
antozone, the former of which is absorbed by iodide of potassium, pyrogallic acid, 
&c., while the latter remains unabsorbed. He finds that when perfectly dry electris^ 
air is made to pass through water, white fumes are produced on its exit into the air, 
and that the same fumes are produced when the dry electrised air is made to flow into 
moist air. These fumes he regards as a mechanical mixture of antozone with 
vapour. According to v. Babo, however, these fumes are for the most part pro?”®^ 
onlj^in presence of nitrogen or oxidisable substances ; he regards them as 
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of peroxide of hydrogen, which is known to be formed by the action of ozono on water, 
either in the liquid or the gaseous form. aiso asserts that the proportion of 

ozone produced in air or oxygen by electrisation is the same whether the electricity 
used be positiYC or negative or the two alternately, a result which appears inconsistent 
^ith the production of two oppositely polarised varieties of oxygen by electrisation. 
3lon‘over ozonised air sutlers no diminution in its amount of ozone by passing through 
a solution of permanganic acid, whereas such diminution always occurs if the air has 
previously been in contact with oxidisable substances, which may have given rise to 
the formation of peroxide of hydrogen. 


Compounds of Oxygen.— Oxides and Hydrates. 


Oxygen may enter into combination in various ways, taking the place of hydrogen (in 
the proport ion of I at. O to 2 at. H) in the radicles of compound.^ formed on eitlier of 
the ty[)t*s, HCl, H=0, H*N, IT^C, thus giving rise t-o oxy-chloridc.s, oxy-iodidcs, oxy- 
nitrides, &c. ; but the term, “oxide” is specially applied to compounds derived from 
a single or multiple atom of water, IPO or where })art at least of the oxygen 

occupies the place external to the radicle. When the hydrogen in the type is partly 
i\'placed by other elements or by compound radicles, the re.sulting compound is a 
hydrate, basylous, acid or saline, according to the nature of the substituted ra- 
dicles ; thus KHO and IJa"HW aro basylous hydrates | O, 1 0-, and 

I®’ hydrates or acids; |o* and are saline 

hydrates or acid salts. If the whole of the hydrogen is repilaced by one or more 
rnliclcs, the r(^*sulLiiig compound is an anhydrous oxide, basylous, .arid or saline, 
according to the nature of the radicles which enter into its constitution; thus K-0, Ba"0,' 


and BrO’^are basylous oxides; (C'‘‘TP0)20. and (F"0)'0® are acid oxides, 

anhydrous acids, or anhydrides; |o^ jo’aro saline 

oxides or neutral salts. 


It must be observed, however, that the distinctions between basic, acid and .saline 
oxides are in great part merely conventional, inasmuch as hiisylous and clilorou.s 
fl.inonts or radicles, and consc(juently basic and acid oxides and hydrates, shade off 
into one another by insensible gradations, so as to preclude the possibility of drawing 
ruiy st rict J iiie of demarcation between them. Still t here are cerhiiii hydrat es which have a 
miirkcd tendency to exchange their hydrogen for a chlorous, acid, or electro-iH^gative 
cli'inentorriulicle, those constituting the ba.sylous hydrates ; while others have a decided 
tniideiicy to exchange their hydrogen for a metallic, basylous, or electro-positive 
f lenient or radicle, and these constitute the acid hydrates or acids. The chemical or 
« Icctro-chemicMl characters of the anhydi-ou-s oxides are less marked than those of the 
liydrates ; nevertheless some of those containing radicles of decided a(‘id tendency unite 
iiKire or less riindily with those containing radicles of ofiposite character, the resulting 
coiii]K>und being a salt; thus sulphuric anhydride 80“, jxissed in the state of vapoiu* 
ever modoratcly heated anhydrous baryta Ba"0, unites with it readily, the combination 
ht^ingaltondtHi with virid in candescence, and forms sulphate of barium B}i"SO^; in like 
manner .silicic and boric anhydrides unite readily with basylous oxides when ignited 
contact with them, and expel carbonic anhydride from carbonates. 

general properties of acid hydrates and oxides have been already described in 
tne articles Acins and Aniiydbides. We liave here therefore only to speak of the com- 
position and properties of the more basic or positive among these compounds. 


Metallic Oxides and Hydratcii. 

1. Oxides with one atom of oxygen ^ formed on the type of a single atom of water, H*0. 
the alkali-metals, lithium, sodium, potassium, caesium, and rubidium, and 
one of the heavy metals, namely thallium,* which are mono- or proto-equivalent, that 
Jj* capable of replacing hydrogen — atom for atom — form mono- or proto-hydrates having 
le general formula M'HO. These hydrates are soluble in water, forming strongly 
» 'aline solutions which precipitate the solutions of all other metals, excepting the 
« Kalino earth-metals, barium, strontium, and calcium. The hydrates of the a&ali- 
motaig volatilise slightly, but do not decompose even at the highest temperatures. 
> orate of thallium, on the other hand, becomes anhydrous when heated at 100° 
^ **■**’> left over oil of vitriol at common temperatures. 

Ail proto-equivalent metals also form anhydrous protoxides, having the general 

I*>Alliuni in many other of its chemical relations exhibits a marked resemblance to the alkali-i^etala. 
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formula M-0. To this group belong also the salifiable oxides of the di-equival 
metals, included in the formula M"0 ; such are the oxides of barium, stronti ^ 
calcium, of all tlie other earth-metals excepting aluminium, and of many of the he^ 
■ metals, namely zinc, cadmium, chromium, manganese, iron, nickel, cob ' 
uranium, copper, mercury, lead, palladium, platinum, tin, andafowoth^ 
Lastly, there are two oxides containing 4 atoms of metal to I atom of oxygen v 
Ag^O and CuH). Tlio former has long been known; tho latter was obtained 1 
II. Eose (Bull. Soc. Chirn. 1864, p. 3^0) by treating a cupric salt with an alkali] 
solution of stannous oxide. In these oxides, 2 atoms of metal take the place of 1 ato 
hydrogen. They are easily decomposed by acids, with sepaivition of metal, and form 
tioii of argentic and cupric .salts re.spectively. ’ 

Tho protoxides of the alkali-metals and of tliallium are decomposed by water wii 
formation of .soluble hydrates (e. g, KH) + II-O = 2X110) ; the oxides of biiriui 

strontium, and calcium unite directly with water, also forming soluble hydrates (e , 
Ba"0 + II“0 = Ba'H-O'*). All other protoxides are insoluble, or nearly so, ar 

are for the most part unaltered by water ; the protoxides of magnesium and lead, hov 
ever, are slowly converted by water into hydrates. Protoxides and protohydrat 
are decomposed by most acids, with formation of siilts, and elimination of 1 atom i 
water ; e. g. 


KHO 

+ 

HCl 

H-'O 

+ 

KCl. 

TIO 

+ 

2HCI 

H'^0 

+ 

2T1C1. 

Ba"0 

+ 

2HCI 

H*0 

+ 

Ba"Cl*. 

Ba*0 

+ 

H^SO" « 

H-O* 

+ 

Ba'SO^ 


2. Oxides and Hydrates containing two atoms of Oxygen, formed on the type of 
double atom of water, 11^0* — This group includes: — a." The hydrates of the di-equ 
valent metals, barium, calcium, load, copper, &e., e.g. barytic hydrate Ba"H-0 
cupric hydrate Cu"H‘^0*, stannous hydrate Sn Tlie hydraU^s of barium, strontiui 
and calcium are soluble in water ; tho rest are insoluble or very slightly soluble, as liydrjit 
of lead. All these hydrates are decomposed by heat into metallic oxide and water; butth 
degree of heat required to effect tlie change is dilFerent in eaeli particular 
Thus, cupric hydrate is decomposed at a temperature below that of boiling water, whereu 
hydrate of calcium requires a full red heat to resolve it into quicklime arid water. Tlies 
hydrates are decomposed by acids, with formation of salts and elimination of 2 at. wator 
Ba"H20* + 2HC1 = 2K^O + Ba"CP 

« 2H‘-'0 + Cu'VSO*. 

The anhydrous salifiable oxides of tetra-equivalent metals, e. g. zirconia Zr^’O" 
thorina Th‘’02, stannic oxide Sn‘^0*, platinic oxide Pt‘^0* and the corns 
ponding oxides of the other metals of the platinum group ; also titanic oxide Ti'^O- 
tantalic oxide Ta*'0* niobic oxide and the dioxides of molybdenum 

tungsten, and vanadium. All these dioxides, excepting those of titanium, tail 
talum, and niobium, have more or less of a basylous character, and are converted iiiU 
salts by the action of acids; but they all, excepting those of molybdenum, tungsten aiic 
vanadium, likewise exliibit the characters of acid oxides, and form salts with tho morf 
basylous oxides. In tho same group of acid oxides may also be included the dioxide!; 
of certain semimetallic elements, namely silicic oxide or anhydride SiO* sel- 
enious oxide and tellurous oxide Te‘»0*. 

y. Certain double or saline oxides in which half tlie hydrogen is replaced by 2 atoms 
of a mono-equivalent, and half by 1 atom of a di-equivalent metal, such as potassiuni- 
zinc-oxide K2Zn"0=*, platinite of potassium K-'Pt "O'-*, stannite of sodium 
Xa*Sn O'-*, &c. 

5. In addition to the acid and basylous dioxides above mentioned, there are 
certain other oxides with two atoms of oxygen, possessed of very different properties. 
In tliese last dioxides, typified by peroxide of hydrogen the second atom of 

ieems to be retained on a very uncertain tenure. Oxides of this description 
are usiiallv temed peroxides, to distinguish them from the salifiable oxides already 
coihsidered, ahese peroxides do not form any corresponding chlorides, or corresponding 
sal^ in general, but when acted upon by hydrochloric acid, they evolve either peroxide 
of hydrogen or chlorine, thus : 

BaO* + 2HC1 « H-*0* + Ba"CP 

MnO* • + 4IIC1 « 211-0 + Mn"Cl* + Cl*. 

The peroxides of barium, strontium, calcium, potassium, and sodium have a tendency 
to produce peroxide of hydrogen.; while the peroxides of the less basylous metals, 
mangan^e, lead and silver, have a tendency to produce chlorine. In accordance with 
tnese ditferent tendencies, the alkaline peroxides are found to exert in many cases a 
rodumng action like peroxide of hydrogen (iii. 198), whereas tho peroxides of man- 
ganese, load and siher, act more generally as oxidising agents; and hence it has been 
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inferrP'l by Sohonbein and otJiera (p. 302) that the oxygen in tlie nlkaliiie peroxides 
{g (.ssentiiilly elcetro-po.sitivo, whereas that in peroxidf? of manganese &c. is essentially 
110 ‘^ative. Those diUbrences, however, are not really permanent and essential, but vary with 
tlioeonditions under which tlie second atom of oxygen iss<^t fret*. In the first place, all 
neToxidos alike evolve chlorine (?. t*. exert an oxidising action) wlicn heated with strong 
hyilroehloric acid.— 2. An ac'id solution of peroxide of hydrogen converts ferrocyanide 
into ferricyaiiide of potassium, whereas an alkaline peroxide mixed with an alkaline 
or neutral Holiitioii of the forricyanide reduces it to ferrocyanide.— 3. An alkaline solu- 
ti<ni of peroxide of sodium addtul to a manganous salt forms hydrated peroxide of 
mfingant‘se; whereas an acid solution of peroxide of hydrogen mixed with perman- 
uaii.ve of potassium evolves oxygen and forms a manganous salt. — 4. An nlkalino 
S(j!utiv>n of ptToxide of sodium oxidises an alkaline solution of chroriiic oxide, convt‘rting 
it into chromic acid, whereas aeirl solutions of peroxide of hydrogen (or of the alkaline 
ncroxidcs) reduce chromic acid to chromic oxide (Bro die, Chom. Soc. J. xvi. 333; seo 
also i. Sr)6 and iii. 198). All peroxides, also, whether of the more or less basyloiis sub- 
f;roups, alike yield oxygon and a protosulphate when acted upon by strong sulphuric 

BaO^ + IT’SO* = IPO + O + Ba'SO'. 

MnO* + ir^SO* = H^O + 0 4- Mii"SO*. 


The oxygen evolved from the above reaction with peroxide of barium is liigbly 
ozonic, f«ml that from tlio reaction with peroxide of manganese appears to contain a 


trufc of ozone. 

TIu'se peroxides might also bo classified 
distinct set of formula^, thus: 

IFO . 0 Ih'roxide of hydrogen. 
NirO . 0 Peroxide of sodium. 

K‘'0 . 0 P<!roxide of potassium. 
CaO . 0 Pe,roxid<» of calciuni. 

SrO . 0 Peroxide of strontium. 


as a distinct group, and represented by a 

BaO . 0 Peroxide of barium. 

MnO . O Peroxide of manganese. 
PbO .0 Peroxide of lead. 

Ag^O . O Peroxide of silver. 


We find, however, that although non-salifiable as a rule, yet under certain circum 
stances, some of these oxides can act as if salifiable. Thus lh(5 peroxides of manganese 
and lead are capable of dissolving in acetic acid to form diacetates. Moreover, the 
acknowledged salifiable dioxide of palladium manifests many of the properties of- a 
peroxide. Whence it scorns that the diflTcreneo between a salifiable dioxide and a 
neutral peroxide is rather a difference of habit than of osscutial character ; and this 
vi(‘\v is confirmed by a consideration of the peroxides with tliree atoms of oxygen be- 
longing to the next group. Most of the above peroxides can exist in the hydrati'd 
fitiile, but whether or not the water exists as a separate constituent has not been satis- 
fudorily ascertained. Some oxides also, having the formuhe of J-oxid(fS, have the 
cliaractcrs of peroxides. Thus, red oxide of load has a formula corresponding to that 
of black oxide of iron, but the two bodi<‘S bchavo very differently when treated with 
acids. The former breaks up in accordance with this equation : 


Pl)='0« 

the latter in accordance with this : 


Non-salin.'iblc. 

2Pb"0 + PbO-; 

SfiliRable. 


= Fe'O + Fe'-0». 

Oxidfs VDith three atoms of Oxygen^ formed on the type, of three atoms of water ^ 
iPt)’. a. Ill this class are included salifiable trioxides and tri hydrates. The most 

hasylous of the trioxidcs are alumina APO*, ferric oxide Fi‘‘^0®, chromic oxide 
eerie oxide CeW, and trioxide of bismuth Bi®0*. In the trioxides 
of gold and antimony, Au‘0* and StPO’ respectively, the chlorous and basylous 

functions are pretty equally balanced, while in trioxide of arsenic As‘0* the basylous 
'‘hiiractcr is scarcely to be recognised. This last trioxido is sparingly soluble in water, 

I'cing converted by solution into its corresponding hydrate or acid, thus: As'-'O’ + 3K'0 

The more basylous tri oxides are practically insoluble in water. They all form hy- 
rates, among which the aluminic, ferric, chromic, and ceric hydrates are represented 
> the generjil formula II*M"'0*. These normal hydrates are somewhat unstable, 
J'^pecially on the application of heat, whereby they lose water and are reduced to 
HM'''0*. For example, when dried at 120® loses H*0, and bi coraes 

0*. Hydrate of bismuth when first precipitated has probably also the com- 

IV. X 
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position but by drying it loses 1 at. water and is reduced to p 

a further application of heat these hydrates are rendered anhydrous, thus : ’ ^ 

2H»Fe"'0* - 3H*0 = Fe^O*. 

The basylouB trihydrates are all readily soluble in acids. The trioxides of aluminium 
iron, chromium and cerium exist in several different modifications, some of which ar’ 
readily, others scarcely at all acted upon by acids. But all salifiable oxides and hydrate^ 
with three atoms of oxygen, when decomposed by acids, yield corresponding salts and 
eliminate three atoms of water, thus : — ' 

BiW + 6HC1 = 3H=,0 + 2Bi”Cl' 

H’ArO* + 3HCI = 3H-'0 + Arci> 

$. Certain trioxides have tho characters of peroxides ; that is to say, when aetod 
upon by acids, they do not form trisalts but protosalts, and simultaneously cvolyc 
oxygen or chlorine. Tho trioxides of cobalt and nickel Co”0* and Ni'^O* respcctivclv 
are as decidedly peroxides as the dioxides of lead and barium. The trioxide of man-’ 
ganeso is intermediate In its properties, and serves to conii<!ct the saliliablo oxides of 
chromium and iron with the indifferent trioxides, or peroxides, of nickel and cobalt 
Thus it dissolves in cold hydrocliloric acid to form an unstable hydratod trichloride of 
manganese: — 

Mn^O* + 6HC1 = 3H^O + 2Mn"'Cl». 

But when heated with hydrochloric acid, it forms dicliloride of manganese and 
chlorine : — 

Mn’0» + GHCl = sn^O + ‘iMn'CP + CF. 

7 Certain oxides with three atoms of oxygen react in a very peculiar manner with 
acids, as if two-thirds of the oxygen were retained by the metal on a numi intiinatc 
footing than tho rtnnainder. Trioxide of uranium U'O^ is tho most striking momh'v 
of this class. To judge from its rcHetions, it would seem to be the protoxide of an 
oxidised radicle playing the part of a metal. This trioxide might be represented 
by the formula (U20“)"0, analogous to that of protoxide of copper 0ii"0, in wliich the 
compound radicle plays the part of metallic copper Cu. Certain it is that tho 

Raping is capable of being transferred from one compound to anotln^r in ex- 

Amge for an atom of hydrogen or its representative, precisely as is the metal coiiper, 

Cu"0 + 2HNO» n^O + Cir'(NO»)* 

(U*0*)"0 + 2HNO* = IPO -b (U2O'0"(NO3)2. 

In a similar manner, the tri oxide of antimony occasionally, and tlie trioxide of iron 
more rarely, react as if their respective formulae were (Sb’H')*)"0 and (Fe*0=)"0. In 
many aluminous silicates also, the trioxidc of aluminium AFO®, appc'ars tofiiTJction as 
a protoxide of aluminyl (AF0*)"0. The peculiarity of the trioxido of uranium is that 
it never acts as a salifiable trioxide, but always as an oxide of uranyl. Oxides behaving 
in the above-described manner, ^ero termed by Laurent basyl-oxidcs, and their coito- 
aponding salts basyl-salts. 

4. Oxides with four atoms of Oxygen^ formed on the type H»0\ Tho only known 
anhydrous oxide belonging to this type is the to tr oxide of osmium OsO* (p. 246) 
The hydrates corresponding to the dioxides also belong to if e. q stannit 
hydrate H^Sn'-O*, palladic hydrate HW^O^ platinic hydrate H‘PW 
also certain double or saline oxides containing tetratoraic metals, e q. stannate oi 
Bodium Na^Sn'^O*, platinate of potassium KlPtW, &c. 

• includes the large class of oxides known as f -oxides, compoundf 

in which 6 atoms of hydrogen are replaced by 2 atoms of a tri -equivalent Tnetd 
while the remaining two in the type ertht^r remain or are replaced by one atom 
of a di-equivalent metal. Examples of these compounds are furnished by matr- 
n 0 1 i c 0 X i d e of iron Fe"(Fe ")*OS chrome-iron Fe '( Co"')*0 «, r o d 1 e a d Pb"( Pb" )‘0l 
red oxide of manganese Mn"(Mn"70^ &c. Some of the native ^oxides ar^ 
very slowly attacked by acids, but all of them, when decomposed by acids, form salts 
corresponding to tho acids, with elimination of 4 at. water for each atom of oxide de- 
composed; e. g.f 

Fe^Fe'^yO* 8HC1 « 4H*0 + Fe"CF -♦■ 2Fe'"CF. 

with five atoins of oxygen, foTfned on the type H'®0» To this type belong 
the pentoxides of bismuth BFO®, antimony Sb^O* and arsenic As»0», all of which are 
of acid character. The last is easily soluble in water, the other two are insolnbk^ 
®^ay also be classed phosphoric anhydride P*0*. and nitric anby 

aride N-O*. 

w same metal may give origin To many different oxides and hydrates, as instanced 
1 by mnnganesc. The protoxides and protobydrates are the most strongly 
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basyloufl, and then follow tjio trioxidos, Tho ncid diameters of the hydrates increase 
»'ita the relative proportion of oxygen which they contain : 

WiT'XO nr 111 I 


H‘Mn"0* Miiiiganous li ydrate 
Manganic hydrate 
Manganic acid 
Permanganic acid 


MnO Protoxide 
Mn*0^ 3-oxides 
Mn-'O* Trioxide 
MnO® Peroxide 


Oxide, 

K='0 

Ba"0 

Sn‘''0* 

Cr*0« 

IrO» 


The relations of the principal classes of chlorides and salifiable to one 

: another arc shown in tho following table : — 

Chhyride, 

Protocliloride KCl Protoxide* 

Dichloride Ba'Cl* 

Tetrachloride Sn'^CP Dioxide 

Trichloride Cr^'Cl® Trioxido 

Hexchloride IrCP? 

Occurrmce and formation of Metallic Oxides. Some metallic oxides are found 
iiaf ivc. The principal of these arc certiiin oxides of iron, namely, t he trioxido h'e 'O* 
known as red h;ematite or oligisto; the hydi-atcd trioxide HFe"'0® known as brown 
Ibviuatito or brownstone; tho i-oxido Fe"(Fe"')®0^ known as magnetic iron ore. and 
fiTtaui oxides of manganese, namely, tho peroxide MnO®, known as pyrolusito and 
.s. vcr:.l rarer oxidrs ind tho hydrated trioxido 

or rnanganite the J-oxide or haiismariite Mn"(Mn'")®0® and an oxide of 

piruhiir composition, known as varvicito. The principal source of tin is the native 
dioxide SnO*’, or tinstone ; of chromium, tho native double oxide of chrome and iroh 
or eliroine-iron ; and of uranium, the native J-oxide U"(U'")20^ or pitchblende Tri- 
ox.dc ofaluminumi APO» occurs native in the forms of ruby, sapphire, and corundum - 
!ii)(l conduned wiMi oxide of magnesium in spinclJe Mg"(Ar")-D^ Moreover native 
.‘dmiHiia and iiative^inagnesia occur in the hydrated state, tho former as diaspire, the 
J.ilh r as brucite. Xatiye trioxidcs of antimony and bisnmtli have been occasionally 
mil with as have also the two oxides of copper. Dioxide of titanium is found native 
as rutiJe, brookite, and anatase. 

yetameliy.lratos are obtained artificially by the following processes: a. Thesolubl* 

Inilrates of calcium, strontium, and biu-ium are usually prepared by the action of waMl 
iii;.ai tlie anhydrous protoxides. The soluble hydrates of lit, hum, Jumm, andpotasS 
iiiijtlit be made in a similar way, but in practice they are always obtained by decompos 

'sate ',.fTlr”f^ ’“'T •'‘U'p'mtcs, or sulphydratcs by other bases. Thus th»?ar- 

I I a of .1 kah-mctal IS usually decomposed by lime or baryta, the sulphate by baryta, 

in ,' le I ' 7 f Hydrate of barium likewise is feqnently 

1:, Ii.'n 1 O’’ sulphydrate of barium with oxide of copper. The 

I I ri'rr i of water at ordinary temperatoes upon 

wmn ^ ^il '0 insoluble salifiahlu hydrates are prepared by decomposing 

'e ne **’*’’ hydrates, or with ammonia, ^or in 

nut it . T Moreover, the carbonates of the corresponding basylous 

'Vl.i'eh < ’m M’ ".‘0 “bovo hydrates to precipitate those^drated oLdes 

"U 1 (to not leadily combine with carbonic anhydride to form carbonates, thus: 

^ ^ = Ca"Cl» + n“Sn"0» + CO” 

21'eCl + SH'IO + 3Ca"C0” » 3Ca"Cl” + 2H»Fe"'0* + 3C0”. 

tiiM :*** * o^Poo’^^^y boding water, may be substituted for the alkali, 

Bi"(NO’)» + 3H”0 = SHNO” + 

* T'beVV‘’l'“T''”" decomposed by water in a somewhat similar manner, 

oniiles o/fa 1 ■ ‘“’0 usuaUy prepared by adding water to tho anhydrous per- 
oxide nf li s basylous metals ; or by precipitating their soluble salts with per- 

nietals s„e. passing chlorine gas through tho protoxides of the heavy 

IS feuspended m water or alkaline liquid : ^ 

+ 2KH0 + 2CoO = 2KC1 + Co®0®H®0. 

manganese absorb oxygon from the air to form their 

atomic weight# of the metals (HI. 957) have necessitated corresponding 
^ri-oxides, simnfv^r^or?}!!! f Iv, ^ r® bein^ now called proto- (or mono-), di-, 

^moxitips bpiriK number of oxygen-atoms which they contain, and the proto- and 

.'[f;}! with tile I. i ac^rdlng to the number of atoms of metal assod- 

» r-03 5 - dichrmni,. ill dipotasslc oxide; B.V'O, mono-barytic, or simply, barytlc oxide; 

CjOj’ chromic trioxide. The dimetalllc trioxide# (alumina; for ex.iml 
•«<|uio»^il;r(seo f by the formula MUy, 

’ X 2' 
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i 8 . Anhydrous oxidos are frequently prepared by directly oxidising the metal 
Many oxides, es|)ecially those of volatile uictids. arsenic, zinc, cadmium, and mercury 
for instance, arc oLtaiiied by simply heatiiijr the metals in air or oxygon. Protoxide 
of l(iad, a readily fusible oxide, is made commercially by roasting the metal in a current 
of air. Black oxide of iron i.s well known in tin* form of smithy scales, as a product 
of the ignition of iron in the atmosphere; aiul the two oxides of copper may be made 
in H similar manner. Somdimes, also, metallic oxides result from the direct action 
of oxygen upon eortiiin compounds of the metals. Thus ursonious oxide, and the 
mixed oxides of iron sind copper, are prc'pared by roasting metallic sulphides instead „f 
tile reguline metals. Again, p('roxide of silver is made by acting upon nitrate of silwp 
with nascent oxyg<Mi evolve(l from the positive plate of the batti ry. Miiny oxides, pr,). 
cured in various ways, are convert<‘d into their higlier oxides by ignition in a eiirriMit 
of oxygen or of air, as is the case writh peroxidi; of barium and red oxide of lead, fup 
instanee. In this direct mode of oxidation the oxygen is fn*((nently .supplied hy inciinjj 
of some oxidising compound. Thus the oxides of tin and anlimony are readily matl« 
by acting upon the respective mi'lals, or (heir sulphldc-s, w'itb strong nitric acid; and 
many oxides arc< procnrc'd by fusing the metals, or their sult)hides, with nitre. lly 
this last method, th(« resulting oxides, if at all of an acid-forming character, apju'ur in 
the state of potassium-salts. Many metals, especially at a red heat, arc readily 
oxidated by water or steam. 

7 . Some oxides are made, not l>y oxidation, but by n^duction of their superior oxides. 
Thus, the J-oxide of mangancjsc^ is rnado by igniting llm pt*.roxido. Trioxide of chro- 
mium is made by igniting chixmiic acid, or the chromates of tlio volatile rnctidu, 
mercury and ammonium. Cupixais oxide is made l)y reducing cupric oxide with 
metallic copper. Dioxide of tungsten is made by reducing tungstic anhydride in n 
current of hydrogen. ^Sometimes the hydrogen resulting from the decomposition of 
ammonia elfi'Cts the reduction. In this way tho ignition of molybdate of amnioniuTa 
3 delds protoxide of molybdenum. 

5. One of the most common methods of preparing anhydrous met allic oxides consists 
in heat ing metallic hydrates, carbonatt^s, oxalates, nitrates, and sulphates. Nearly all 
meUillic hydrates yield metallic oxide by exposure to a degivci of heat varjdng from 
below 100 ® to full redness. The hydrates of potiissium, sodium, and lithium aro rmt 
decomposed by heat, but can yield their corresponding oxides by treatment with thi'ir 
respective metals: NalTO +■ Na « Na*0 - 1 - II. All metallic earbouaUj.s, 
excepting those of barium, potassium, sodium, and, to some extent, lithium, are 
decomposed by heat and yield metallic oxides, (luieklirne or protoxide of ealcium is 
made in this way by the ignit Ion of chalk or carbonate of calcium. Tho oxides ef 
nickel and cobalt arc frequently prepared by igniting their oxalab^ ; those of barium, 
copper, and mercury by igniting their nitrates ; and those of iron and aluminium, hy 
igniting their sulphates. 

Oxides are for the most part opaque e.arthy bixlies, destitute of inotMllic lustre. With 
the exception of the peroxides of silver, lead, and mangaiu^se, they are non -conduct ors 
of electricity. Thi; densities of metallic oxides, save of the liighly hasylous oiu'S, are 
usually lower than those of the metals thernstdves. Some native oxidi's art' extrcim ly 
Jiard. This hardness greatly exceetls, but otherwise bears no ndation to, the hardue^s 
of tho corresponding metals. At ordinai’y temperatures, all metallic oxides occur in 
the solid state. The majority of them are fusible, those of lead and bismuth at a lo'v 


red heat, tliose of copper and iron at a white heat, those of barium and aluminium m 
the oxyhydrogen blowpipe, but that of calcium at uo temperature to which it law 
hitherto been snlq’ecb'd. Unlike the compounds of mcital with chlorine, which mv 
much more fusible, the compounds of metals with oxygen, exce])t indtied the black 
oxide of iron, the trioxide of chromium, and the trioxide of molybdenum, are much 
fusiblo than the uncombined metals. Tetroxide of osmium, trii>xide of arsenic auu 
dioxide of tellurium are readily volatile. 

A greater or less degree of heat effects the deeompfisltion of many metallic oxjdeA 

Those of gold, platinum, silver, and mercury are reduced to the reguline stat e by an irn’i- 

pient red heat. At a somewhat higher tem])erature, theperoxidtisof barium, cobalt, uickd 
and lead are reduced to tlio state of protoxides; while the the J-oxides of manganese and 
iron result from the exposure of tho dioxide and trioxide respectively to a still .strong^^ 
degree of lieat. By gentle ignition aivsenic anhydride is reduced to tho state of arsen* 
ious anhydride, and chromic anhydride to the state of trioxide of chromium. 

The superior oxides of the metals are readily reduced to a lower state of oxi<latio» 
by treat nuuit with a current of hydrogen gas at a more or less elevated temperatujf* 
At a liigluT degree of lieat, hj’^drogen gas will transform to the reguline state all metal ic 
oxides except the trioxides of aluminium and chromium, and the protoxide of n^n- 
ganese, magnesium, barium, strontium, calcn’iiin, lithium, sodium, and potassium. ^ 
temperature necessary to enable hydrogen to effect the decomposition of some oxides 
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comparatively low. Thus even metallic iron may ho reduced from its oxides by hydro- 
geu gas at a heat considerably below redness, so us to form an iron pyrf^phorus. Carbon^ 
at a red or white heat, is a still more powerful deoxidating agent than liydrogen, and 
fioenis to be capalde of (•oin[)letely reducing all metallic oxides whatsoever. In the re- 
cluetion of metallic oxides by carbon at a high tomijeratiire, carbonic oxide is always 
produced, the reducing power of which gas also is e.xtremely great. The oxidisahte 
-mda/s in general act as reducing agents. As a rule, ftie nioro basylous metals, when 
heated with the oxides of less basylous metals, reduce the latter to the reguline state. 
j\lfiny inferior oxides, cuprous oxide for instance, are made by reducing the higher 
oxides with metal. 

With the exception of tlio oxides of the earth- metals, chlorine decomposes all me- 
tallic oxides, uniting with the metals to form chloride's, and expelling the oxygon. 
With oxide of silver this reaction takes place at ordinary temperatures; with tho 
alkalis and alkaline eartlis, at a full red lieat. The. aelion of chlorine upon metallic 
hydrates and moist nu'tallie oxides, to form metallic chlorides and either hypochlorites 
or peroxides, has b(»eri alivady described. 

Sulphur at an elevated temperature can decoinpo.se most metallic oxides. With 
many oxides, those of silver, mercnry, l<*ad and copper, for iastance, metallic siilpliides 
and sulphurous anhydrido are produced. With l.he highly basylous oxide.'?, the pro - 
duets are metallic sulphate and sulphide. There are some oxides U}>on which sulphur 
exerts no action. Of these' tho principal are magnesia, alumina, chromic oxide, and 
the stannic and titanic aiihydrid<‘S. lly boiling .sulpliur with soluble hydrates, ’mix- 
tures of jKdysuljdiidc amt hyposulphite are proiiuct'il. With the exception of magnesia, 
alumina, and ehromi(r oxide, most metallic oxides can absorb sulphui’cttcd hydrcsuii, 
to form metallic sulphide or .sulphydrate. and water. ^ 

The action of pin >tiphor us upon metallic oxide.s is very analogous to that of sulphur; 
it usually produces a mixture of j)hosphido and i^hosphate. Liikc sulphur it do(*s not 
react with inagno.sia or alumina. ]h>iled with the soluble alkalis it produces phos- 
phoretted hydrogen and a hyfiophosphiti^ 

llie action ot water and acuhs upon metallic oxides has berm already considerr'd 
(pp. 3()‘2-dOG). ]\Iauy of the acid oxidi's dissolve in water to a gn'ater or loss extent, 
undergoing decomposition and forming acid solutions, ibit, the dioxides of tin, 
titanium, zirconium, and tantalum, and the trioxide.s of tellurium and tungsten, may 
be obtjiiued in a state perfectly insoluble in watiT. {Odlinj's Manual of Chemistry.) 

Peroxides of Organic Radicles. 

Th(! hydrates and oxides of basylou.s or positive organic radicles formed on tho 
n.lH) liaA’e been already described under Alcoitoi-s fi. 97) and Ethers (ii. 608); 
llie hydrates and oxides of acid or negative organic radicles formed on the same 
type are described under Acids (i. 39), and Anhydkidhs (i. 293). We have* hero 
to describe eertain peroxides of acid organic radicles recently discovered by Jlrodie 
(rroc. >500. ix. 3G1, xii. G56 ; Phil. Trans. 18G4, p. 407 ; Chem. Soc. J., xvii. 
2G6). The following have been obtained : — 

l^roxide of Acetyl . . . C'11«0* » (C“H*0)2.0=« 

1 eroxide of Biityryl . . . CT1'*0* = (OIPO)^O- 

Peroxide of Vbileryl . . . = (CTI"0)2.0* 

Peroxide of Benzoyl . . . = (C‘'H"0)\0''* 

Peroxide of Nitrobenzoyl . . C*<H“(N02)20« = [C’IP(N(V‘«)0}*.0* 

1 eroxide of Cuminyl . . C*®IP‘'0* = (C’®H"0)'“.0* 

Peroxide of Camphoryl . , »C'®JP®0® = C*®1I'®0®.0*. 

These organic peroxides are produced by tho action of peroxide of barium on the 
Cl orides or oxides (anhydrides) of the several acid radicles. In their chemical rcla- 
‘ analogues of peroxide of hydrogen and of chlorine. 

^,1 • If given express their composition in tho free state; the first six, 

^ iieh eontain monatomic radicle.s, might all bo halved, but tho balf-formulue would 
ton a 111 uiieviui niuiibers of hydrogen-atoms and cannot thcrofore be admitted for tho 
a 11(1 compounds : these ha If- molecules, however, like tho single atom of chlorine, 
»y exist in combination with hydrogen, producing the corresponding acids; thus: — 
Free chlorine. Hidrorhloric .icid. 

cici. nci. 

Free peroxide of Acetic acid, 

acer vl. 

of Acetyl^ is prepared by dissolidng acetic anhydride in pure 

and gradually adding an equivalent (juantity <»f pun? pi.-roxid© of barium : 

2C«11«0* + Ba"0- = C^IPBa'O^ + C‘11«0*. 
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Ita preparation and properties have already been described (i. 36). When dry it jg 
violently explosive and must be handled with the greatest caution. It is a powerful 
oxidising agent, like peroxide of hydroge^n, but is distin^ished from that compound by 
not reducing chromic or permanganic acid in acid solution. ^ 

Peroxide of Butyryl, C“H“0*, is easily prepared by carefiilly mixing butyric 
anhydride with an equivalent qiiantity of hydrated peroxide of barium (till a drop of 
the mixture, acidulated with hydrochloric acid, gives a faint blue colour with dilute 
solution of acid chromate of potassium), stirring up the mass with a little water, and 
agitating with ether. The ethereal solution w'ashed with dilute hydrochloric acid 
carbonate of sodium, and water, and left to evaporate, leaves the peroxide ofbutyrjlajj 
an oily body only slightly soluble in water; it must be dried with chloride of calcium 
It decomposes with slight explosion when heated, and when suspended in water exerts 
an oxidising action, like the acetyl-compound. 

Peroxide of Valery prepared in like manner, is a heavy oily liqiiid^ 
possessing similar properties. * 

Peroxide of Benzoyly is prepared by gradually mixing pure hydrated 

peroxide of barium (previously dried by pressure between bibulous paper) in a mortar 
with an equivalent quantity of chloride of benzoyl ; mixing the mass after some hours 
with water ; washing it on a filter with water to remove chloride of barium, then with 
carbonate of sodium to remove benzoic acid ; drying the product under the air-pump, 
and crystallising it several t,im€?s from sulphide of carbon, which must not be heated 
above 35°. The quantity thus obtained amounts to about 88 per ciuit. of the benzoic 
chloride used. Excess of water diminishes the product. It is necessary, how'ever, to uso 
hydrated peroxide of barium, because the anhydrous peroxide does not act upon 
benzoic anliydridc, or chloride of Ixuizoyl dissolved in etlier, even at 100°. Tho 
quantity of the product is also diiniiiLshed by the presence of peroxide of barium in 
excess, inasmuch as this body, in pr<*sence of w'ater, destroys tho peroxide of benzoyl, 
exerting a reaction exactly opposite to that by which it was produced : tlius, 

Formation: 2C^IP0C1 + BaO* - BaCF + 

Benzoic Benzoic per- 

chloridc. oxide. 

Decomposition: (C’H^O)W + BaO* « (C’IP0)*Ba"0* + 0* 

Benzoic per- Benzoate of 

oxide. barium. 

Peroxide of benzoyl may be obtained in large splendid crystals, belonging to the 
trimetric system, and exhibiting the combination ooP . oP . P . too . J Poo . J Poo, 
Inclination of the faces, foo : oP == 146° 36'; coP: co P = 115° 41'; J Poo : 
iPoo = 124° 39'; 1 too ; 1 too « 143° 30'; too : tec over the principal axis 
— 113° 12'; P : P in the brachydiagonal terminal edge — 131° 4'; in the 

macrodiagonal terminal edge = 97° 36'; at the base = 102° 11'. (Muller.) 

Peroxide of benzoyl melts at 103'5° (only very small quantities, however, can ho 
melted without decomposition) ; it dissolves readily in ether and benzene, and in 39'6 
pts. sulphide of carbon at 15°. It is decomposed by boiling potash-ley with evolution 
of oxygen, and formation of potassic benzoate. When heated alone it decomposes with 
slight explosion ; if mixed with sand, it gives off carbonic anhydride (nearly 18 per 
cent.), at about 85°, leaving a resinous substance. 

Peroxide of Nitrobenzoyly C*^IP(NO“)“0*, is precipitated on adding water to a 
solution of benzoic peroxide in a large exces.s of fuming nitric acid, and remains, on 
evaporation of its solution, in sulphide of cRrbon, as a light yellow substance which 
decomposes with slight explosion when heated. 

Peroxide of Cuminyl, is prepared like the benzoyl-compound, and 

crystallises from ether in long needles, which explode when heated, leaving a resinous 
substance. 

Peroxides of Diatomic Acid liadicles. The anhydrides of dibasic acids 
treated with peroxide of barium form easily decomposiblo compounds which may he 
regarded as tho peroxides of diatomic radicles. When mccinic anhydride is gradually 
mixed with peroxide of barium and a little water, an evolution of oxygen soon takes 
place, and an alkaline liquid is formed which does not contain any succinate of barium, 
but possesses strong oxidising properties, though it contains no peroxide of hydrogen, 
as it does not decolorise permanganic acid or form a blue colour with acid chroinat® 
of potassium (as is the case with a mixture of barium-peroxide and succinic acid). 
The solution bleaches indigo, precipitates manganic peroxide from manganous acetate, 
oxidises ferrocyanide of potassium, eliminates chlorine from hydrochloric acid when 
heated with it, and is resolved by boiling into free oxygen and succinate of baniwn. 
With lactidc a solution is formed possessing similar properties, but still n;ore decom 
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sihlo. More permanent is the alkaline strongly oxidising solution obtained by 
^aai*ating 1 at. camphoric anhydride in a well-coolod vessel, with 1 at. barium-peroxido 
f water. This solution appears to contain the barium-salt of camplioric p(*roxid 0 
formed by the direct union of camphoric anliydride with 

ivtriimi-peroxide BaO®, and not a camphorate of barium-peroxido; for it does not 
yield peroxide of hydrogen with acids, or barium-peroxide with alkalis. 

OXYOS3Br» l>BTBCTXOBr JLXTXI SSTZMiLTZON' OS*. Oxygen in the pure 
state is easily distinguished from all other gases by the facility with which it supports 
combustion ; a taper or a piece of wood immersed in it with only a single point in a state 
of ignition bursts instantly into flame. This effoct is not produced by any other gas 
exccHit nitrous oxide, which acts like diluted oxygtui, rekindling the taper only when 
tJie wick is still in a state of vivid glow. 

In gaseous mixtures, oxygon may be detected, and its quantity estimated, by means 
of a solution of pyrogaU cite of potassium^ which absorbs it ra^udly, turning bla(!k at tho 
Slime time; for the details of tho method see Analysis ok (Iases (i. 283). A solution 
of qalllc or tannic acid in excess of potash may also be used ; but the action of these 
solutions is much slower. Oxygen is also absorbed by phosphorm, potassimn, 
solutions QialkdUnc eulphidrs^ ferrous salts, and by an ammoniacal solution of cuprous 
chloride, or of cnpro'us sulphate ; but none of these reagents are so convenient or so 
exact in their indications as pyrogallato of potassium. 

Oxygen may also be separated fronl gaseous mixtures, and quantitatively estimated 
by (‘xplosion with hydrogen, the volume of oxygen present being equal to a third of the 
voUiineof gas wliich disjippears, supposing of course that all other gases whicli can unite 
citlier with tlie oxygen or 'with tlie liydrogiui have bc-cji previously removed (i. 28/)). 

The aiMOunt of oxygen in solitl or liquid compounds is usually estimated by differ- 
ence, ufler all the otlier elements present Jiav** been determined (see Analysis, Ouganic, 
i, UMll). There are but few compounds from whiiOi oxygen can be separated in the 
free state by the action of lu-at alone, and it is only from the noble metals that it can 
l>i‘ coiii['leti*ly separattul in this way ; Imt tlie usual method of determining tho oxj^gen 
ill iiiot.Milic oxides is by ignition in an atmosphere of hydrogen, the w'ater produced 
being absorbed by chloride of calcium, and weiglied. 

Active oxy'geii or ozone is distinguished from ordinary oxygen by its more 
jHjWiM'ful oxidising properties. Tlio reagent usually employed for detecting its 
prcsciua? in the air, or in any gaseous mixture, is papi'r covered with starch-paste 
cuntaiiiing iodide of potassium, which whoa moistened quickly assumes a bluo or 
violet colour in contact with ozone. 


8tnrcli-paper impregnated with solution of potassium -iodide of known strength is 
also used for def frmining tlio relative quantities of ozone in the air in different 
localities, and at differmit limes, the amount present being regardtal as inversely propor- 
tional to tlie lime of exposure required to produce a given de{)th of tint. But the 
indications thus alforded are uncertain, the rapidity of the action being modified by 


Aanoiis circuriislaiices, as by the tempi'rature and liumidity of tlie air; moreover, 
the paper once (ro loured by ozone becomes decolorised’ again by continued i‘xposure, 
•iiid tlu’ same elfeets of coloration and subsequent decoloration may be produced by' 
otluT gases in the air, chlorine, the oxides of nitrogen for example, b’or these reasons, 
fl ouzeau prefers lilmus-paper, slightly rcddeiieil and impregnated with iodide of 
potassium. Tjiis paper turns blue in presence of ozone, the coloration arising from tho 
production of a certain quantity of potash and separation of iodine. Tlie sarao 
change of colour is not produced by any other gas except ammonia, and tho blueing 
l)ro(luced by this reagent is easily distinguished from that arising from the action of 
<jzoiie, iiiasiuuch as it is likewise produ(!od on red litmus-paper not containing iodide 
ol potassium. Chlorino, bromine, iodine, nitrous compounds and acetic acid, change 
the red colour of tlio prepared paper to reddish yellow. 

Andrews estimates tho quantity of ozone contained in a given volume of air by 
passing the dry air through a bulb-apparatus containing solution of potassium-iodide, 
ba n t hrough another containing strong sulphuric acid to absorb the water curried 
Joviiy from the first solution. The increase of weight of the two apparatus gives 
quantity of ozono absorbed, and on determining tho quantity of iodine set free, 
according to Bunsen’s method (i. 265), it is found that the quantity of oxygen 
equivalent to tho iodine thus liberated is exactly equal to that of the ozono absorbed 
(p. 301). ^ ^ 


Atomic vmghi of Oxygen . — The proportion between the atomic weights of oxygen and 
ydrogen is determined by the analysis and synthesis of water. The most exact 
Tiodhod consists in passing perfectly pure hydrogen gas over red-hot oxide of copper, 
tlie loss of weight which this oxide sustains with that of the water 
produced. Jfixperimonts made in this manner by Berzelius and 1) along (Ann. Ch, 
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Phys. Ixv. 386), subsequontly with greater exactness by Dumas and Stas (Ann 
Phys. [3] viii. 189), and by Plrdmannand Marchand (J. pr. Chcm. xlvi. 461), cono, 
in showing that water is composed of 1 pt. by weiglit of hydrogen and 8 of oxygen 
195), and therefore, that if the atomic weight of hydrogen bo taken as the nnit, undih 
composition of water bo reprosonted by the formula H'^0, the atomic weight of oxyjrp^ 
is 16. The reasons for regarding water as IPO, and not as HO, have been 
cussed in the article Atomic Weights (i. 461). ^ 

OXTCtSIViLTSD WXTISR. Water holding peroxide of hydrogen in solution 
(iii. 197). Schonbein (J. Pharm. [4] i. 75; Bull. Soc. Chim. 1865, i. 69) detocts 
the presence of peroxide of hydrogen in water by its power of con verting the protoxides 
of lead, nickel and a few other metals into peroxides, and the decomposition of potas- 
sium-iodide by these peroxides in presence of an acid. The liquid to be tested havirijj 
been rendered alkaline by a little potash, a small quantity of a lead-salt is added (not 
in excess) and then iodide of potassium mixed with starch. If then, on adding auncid 
a blue colour is produced, the prt'senco of peroxide of lead, and consequently of peroxido 
of hydrogen, in the original liquid may bo inferred. 

OXYGEIflro5ci>. A name applied byDuflos to those non-mctallic elements which 

in their chemical relations exhibit a certain resemblance to oxygen, viz, bromine 
chlorin(3, fluuriiio, iodine, selenium and sulphur. ' 

^ OXYOirAWlMTE. A substance produced by the action of permanganate of jxjtas- 
flium on guanine dissolved in caustic soda. (See Guanine, ii. 952.) 

OXYGVnxilXZC ACXH. CTP«0'>. (A. Boyer, Ann. Ch. Pharm. cxxxi. 3^)3.)- 
Wlien glucose is treated with cupric oxide and potash for the preparation of Itoieliardt’s 
gummic acid (ii. 956), the resulting liquid precipitated with chloride of barium after 
being rendered slightly alkaline by ammonia, and the precipitated gummate of barium 
dried over the water-bath, part of it is converted by oxidation into oxygummate aud 
carbonate of barium : 

+ 0* = + 2C0* 

Oummic acid. Oxygunimic 

acid. 

The barium-salt treated with sulphuric acid yields a solution, from which oxygumniic 
acid may bo obtained in shining needles soluble in water and alcohol. The solutions 
are strongly acid. The crystals dried in the air, or over sulphuric acid, give off 
water and leave a white powder soluble in water. Heated above 130° the acid decom- 
poses with in tumescence, giving oflf pungent aromatic vapours and leaving an acid car- 
bonaceous residue. 

Oxygummic acid is totrabasic. ^ The barium-salt, is a bulky precipitate 

which 80011 becomes crystalline ; it dissolves sparingly in water, easily in hydrochloric 
acid, and gives off a little water at 100°, The silucr-salt, C^H'Ag^O*®, is a white preci- 
pitate sparingly soluble in acetic acid, less sensitive to light than the gummato. At 
100° it deflagrates like oxalate of silvtT. 

OXYBIPPURZG ACZX>. C®H®NO^ — This is probably the composition of an 
easily soluble acid produced by boiling the aqueous solution of diazohippuric acid, 
C®H^N‘''0* (the product of the action of nitrous acid on amido-hippuric acid, iii- 
160). (P. Oriess, Jahresb. 1862, p. 260.) 

SIiO'WPIPlS, See Bi.owpipb (i. 616\ — Devillc and 
D e bray (Ann. Ch. Phys. [3] Ivi. 385) employ the oxyhydrogen blowpipe in the following 
manner for effecting the fusion of fihitinum and the refractory metals which accompany 
it. The apparatus consists of the blowpipe C (ftg. 733), a furnace AUl), and a crucible 
Gill. ^ The blowpipe is composed of a copper tube about half an inch in diameter, ter- 
minating below in a slightly conical platinum jot about Ij inch long. Within this 
tube, which is supplied with hydrogen or coal gas through the stop-cock II, is a second 
copper tube C for supplying oxygen, terminated also by a platinum nozzle with an 
aperture of about a tw^elfth of an incli in diameter. 

The furnace ABD consists of three pieces of well-burnt lime of slightly hydraulic 
quality, which may bo turned at a lathe with ease. The cylinder A is about 2j 
inches thick, and is perforated by a slightly conical hole into which the blowpipe 
hts acairately, passing about half-way through tlie thickness of the mass, A second 
somewhat deeper cylinder of lime A/, is hollowed into a chamber wide enough to admit 
the crucible, and leave an interval of not more than a sixth of an inch clear around 
ATJT are four apertures for the escape of the products of combustion. 

The oiit(*r crucible is also made of lime, but it contains a smaller crucible I uf 
gas-coke, provided with a cover of the same material; and in tJiis the substance to b» 
fused IS placed, the crucible resting on the lime support i>'. The conical cover Gts 
made of lime, and its apex should be placed exactly under the blowpipe iet, at a distance 
Irom It of i to 1 J inch. i t o » 
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The pieces of the furnace must ho hound round with iron wire to support 

tliew crack. The oxygen is admitted under a pressure of a column of 16 

inches of water. The temperature is 
Fig. 733. gradually raised to the maximum, and in 

about eight minutes from this time tJio 
operation is complete. 

By eniplo 3 dng a jot of mixed coal-gns 
and oxygen (A'Q, fig. 734) in a furnace of 

Fig. 734. 


lime, Devillo and Debray succeeded, at 
an expense of about 43 cubic feet of 
oxygen, in imdtiiig and refining in 42 
minutes, 2r)‘4 lbs. avoirdupois of plati- 
num, and easting it into an ingot in a 
mould of gas-coke ; and much larger 
masses have since been melted by tliis 
method. Lime is so bad a conductor 
of heat that if a cup of lime not mure 
than 0*8 inch thick be fi]l(‘d with mcltttd 
platinum, the exterior scarcely rises be- 
yond 300® h’. (il/i7/er\s' Elements of Cliemistry^ 3rd od. pt. ii. p. 826.) 

OXY-IODZC ilCZS. Syn. with Periodic Acid. 

OXYZiXSATZOX. A term applied by Schdnboin (Pogg. Ann. Ixxx. 520) to the 
oxidising action of nitrous acid, nitric acid, &c., at ordinary tempemturos. He supposes 
that part of the ox 3 'gen in these bodies is in a peculiar uetivo state (combined ozoiio 
in fact), and calls it “ oxylised oxygen.’' 

OXYXiXZjBLBZC ACXD. Syn. with Purpcrin. 

OXYIM[STHYi:.-Cil.RBOKrzc a.CXB. A name applied by Kolbo (Ann. Cli. 
Pharm. cxxvii. 159) to glycollic acid, regarded as HO^ 

OXYMfiTH YXi-TRZETH YX-PHOSPHOXrXVXIX. (See PnosPHORUS-DASES. ) 

OXYMORPHZNS. According to Schiitzenberger (Ann. Ch. Pliarm. evii. 346), 
morphine (C”H*’'NO“) treated with nitrous acid yields three basic products to which 
hu assigns the formulae, C‘m•«NO^• and C”1P‘N0^ 

OXYSrAPBTRAXZC ACXI>, — This compound has not bt?en actually 

obtained, but two chlorinatcdi acids are known which may be regarded as derivatives 
of it, namely, chloroxy naphtha lie acid C*®H*C10®, and perchloroxynaph- 
thalic acid C‘“HCI®0*. These acids are produced by the action of potash on the cor- 
responding chlorides {vid. inf.). Alizarin has the composition of oxymiphtlialic aciil. 
out it is not produced by tlie action of sodium-amalgam or of the electric current on 
cliloroxynaphthalic acid. 

('hloroxynajphthalic acid., C'®IPC10’, also called chloronayhthisic Midi chloro- 
^^yhtJuilic ad,d^ has been already described under the last name (p. 14). 

^f^rchloroxynaphthalic acid, C'®HC1W. Cliloride of porohloroxynaplithyl 
treated with potash is immediately converted into a crimson sul)stimco from which 
®cids separate yellow pcrchloroxynaphthalic acid. It may l>o cr^’stnlJised from ether, 
converted into a potassium- salt, reprecipitated by an acid, and further piirilh^d by eiys- 
wlhsation from alcohol or ether. In contact with potash or ammonia it forms j-ed or 
cniason salts, which are insoluble in cold water, but appear to be slightly soluble in 
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boiling water. They may be obtained in the crystalline form by neutralising abolliup 
alcoholic solution of the acid with an alkali. (Laurent, Kev. Scient. xiii. 596.) ^ 

OXTSrAVmmiM, CKXiORSDS of. The chloride corresponding to oxv 
naphthalifi acid has not been obtained, but two chlorinated derivatives of it, being the 
chlorides corresponding to the chloroxynaphthalic acids just described, were discoven d 
by Laurent (Ann. Ch. Phys. [2] Ixxiv. 36 ; Rev. Scicnt. xiii. 691). They arc foiled 
by the action of nitric acid on certain chlorinated derivatives of naphthalene. 

Chloride of C/iloroxynaphthyl, C*®H*Cr’0* = C*®H‘‘C102.C1. OxicJdoronapt 
talose. Oxyde de chloroxhiaphtose. — Tetrachloride of chloronaphthalcne is slowly at- 
tacked by boil ing nitric acid, becoming yellow and continually more fusible. If the action 
be stopped as soon as the yellow substance remains on cooling in the form of a very thick 
oil, a solution of phthalic acid is obtained, together with a viscid yellow oil in wliichji 
yellow pulverulent deposit forms after a while. The fseparation of this substance may 
be accelerated by pouring ether on the oil, and if the etliercal solution be decanted after 
a day or two, the deposit washed on a filter with cstlier, and then dissolved in a large 
quantity of boiling alcohol, the solution .deposits on cooling needle-shaped crystals of 
chloride of chloroxynaphthyl. 

This compound is yellow, insoluble in water, very slightly solnblo in alcohol and 
ether, whence it is deposited in needles. It distils without alteration; is di.s, solved 
with mahogany colour by strong .sulphuric acid ; and is converted by nitric acid into 
phthalic acid. An alcoholic solution of potash colours it crimson, and decomposes it 
into chloride and ehloroxynaphthalate of potassium. 

Chloride of Per chloroxynaphthyl. C‘®CPO* = C'®C1*0^C1. Oxyde (U 
chloroxhiaphtahse. — Produced by the action of boiling nitric acid on hexchloronaph- 
thalene. The action is very slow, requiring three or four days boiling to eonipleti* it ; 
but ultimately a resinous substance is obtained; which, when freed from a little 
oily matter by ether, and purilied by one or two crystallisations from boiling petroleum, 
has the composition of chloride of porchloroxy naphthyl. 

This substance when pure forms highly lustrous golden-yellow scales. It is insohihk 
in and alcohol, slightly soluble in boiling ether. It melts at a somewhat high tem- 
perature and volatilises in great part without alteration. Ly I'oiling nitric acid, it is 
probably converted into trichlorophthalic acid. Potash and ammonia convert it iuta 
chloride and perchloroxynaphthalato. 

OXTXVAPBTBYljAMZKrfi. C’'®IPNO. Oxynaphthylidine. Naphthammv. 
(Piria, Ann. Ch. Pliami, Ixxviii. 41. — IT. Schiff, ibid. ei. 90.) — A base produml 
by the action of various oxidising agents, such as Ik^rric, auric, mercuric, stannic, 
or zinc chloride, silver-nitrate, or chromic acid on naphlhylamine. The violet colour 
acquired by naphthyLamine and its salts, as well as by tlie tldonaphthamatts. on 
exposure to the air, is probably due to the formation of this base. Aceording to 
G unahl (Ann. Ch. Pharm. xeix. 240), it is likewise formed, with evolution of nitrogiu, 
by th(! first action of niircjiis acid on naphthylarainc suspended in water. 

To prepare it, hydrochloriitc of naphthylamino is dissolved in alcohol, the solution 
diluted with water, but not sufficient to cause turbidity, and while the whole is con- 
tinuously stirred, aqueous ferric chloride is added, drop by dro2>, until a slight excess 
is present. The whole is allowed to stand for an hour with repeated stirring, and the 
precipitate is then collected, and washed, first with water till the wash-wmters ceaso to 
become turbid with nitrate of silvcT, afterwards with alcohol, and then dried in vacuo 
(Piria). Schiff adof)ts the same method, or he precipitates sulphate or acetate of 
naphthylamino with jiqucous chromic acid. 

' Oxynaphthylamino is a light, amorphous, dark purple powder closely resembling 
orce'ju. When moist, it has a peculiar odour, resembling that of iodine, especially if 
heated. It is insoluble in water, also in ammonia and caustic potash. It dissolves 
sparingly in alcohol, imparting its colour to the liquid; abundantly, with puqilo 
colour, in ether, and is precipitated from the solution by spontaneous evapora- 
tion as an amorphous powder. It dissolves in cold sulphuric acid, forming a blue 
liquid of the colour of indigo-solution, and is precipitated by water unchanged. 
dissolves in concentrated acdic amd witJi violet colour ; the solution is not precipitaUd 
by water or by tartaric acid, but oxynaphthylamine is precipitated therefrom by most 
acids, alkalis, and metallic clilorides. (Piria.) 

It does not combine with acids or with bases. 

It melts when heated, and immediately decomposes, evolving an aromatic vaj^ar 
smelling of naphthylamine ; and finally leaves a residue of difficultly combustible char- 
coa^ which however may be completely burned. When moist, or immersed in watff, ^ 
rapidly becomes violet ; hence it is difficult to obtain the dry product of a pure blu® 
colour. * 1 y 

The name oxynaphthylamme is also applied by Dus art tea weak base, probaby 
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()onhiin>''g C'“H“NO", produced Ijy tlie action of reducing agents on nitruxyuaphthidia 
OXyPA*AIAllXA»XC ACXB. C»H«0» = (C‘'H“0*)"'[o» (Maxwell 


Simpson, Proc. Roy* Soc. xiii. 44; Bull. Soc. Cliim. iii, 368.)—This acid, hoiuo- 
lo"OUS with iiicilic acid (C*H**0*), and related to paratartaric acid in the same maiinor 
a.s^milic to succinic acid, is produced together with ammonia by the action of potash 

on glyocro-hydric oxydicyanido or dicyanhydrin | , tlie cyanic analogue of 


tliciilorhydrin : 

C’II‘’OCy=* 


2KHO 


2H20 




2NH*. 


rrrparat?07i.-—A mixture of I at. dichlorhydrin and 2 at. pure potassium-cyanide 
with a ciTtain quantity of alcohol is lieatodto 100° in w'cll closed scdlctz-watcr Lotties 
f„r twi’nty-l'our hours, by which time the whole of the cyanide of potassium is converted 
into chloride. The contents of the bottles are then filtered ; the solution containing di- 
cviinhyclrin is lieated with st icks of jiotash as long as amnionia continues to escape : and 
tile ro.si(lue, after being freed from alcohol by distillation, is tr<‘ated wiMi nitric acid, the 
(MTss of which is tlum also evaporated otb On treating tlie residue consisting of 
p.itassium-nitrate and oxy paratartaric acid with alcohol, evaporat ing the filtrate, redis- 
, Slaving the strongly coloured residue in liot water and trt^atiiig it with chlorine, then 
11 . iitralising the Avhole, cautiously precipitating a third of the; a,cid with silver-nitrate, 
(licii lilleriiig, and precipitating the filtrate completely with silver-nitrate, a perfectly 
oiloiirh'ss silver-salt is obtained, which, when decomposed by siilphydric acid, yields 
o-wparatartaric acid as a colourless crystalline mass. 

Oxypiiralartaric acid has a pure acid taste, and dissolves in water, alcohol and ether. 
Jl melts at. about 135^, and decomposes at a liiglicr temperature. The frei* acidyidds 
a e-pious white jirocipitate witli acetate of lead, but is not precijiitated by lime-water. 
AVhcii maitralised by an alkali, it gives a white precipitate with mere.uric chloride, pale 
brow n with feri’ic chloride, bin i.sh- white w'ith cupric salts, and a cloud with chloride 
of hariuni. 

Oxypanitartaric acid is dibasic, the formula of its silvtr-saU being C^Il^Ag^O*. The 
dhtjlir. C'•I^XC“1P)•()^ clisl ils between 295*^ and 30(F, with partial dc'composition. 

Tiro n'action by wiiicli Ibis acid is obtained would, if applied to each of the cyanides 
(b nvMl)I«‘ from diatomic and triatomic alcohols, yield for each diatomic alcohol two, 
.iml for each triatomic alcoliol three acids of different degrees of basicity, thus : 


Diatomic Alcohol (^glycol), 

Cvanid«% Acid. 

t-l.VPohcChlorhydrin CTPOCl CPbPOCy C^JPO^ lactic (monobasic). 

Uklilurido of Elliylouc C'-lCCr C“U'Cy“ C'H“0* sucoinic (dibsisit;). 


TriaUmic Alcohol {^glycerin'). 

hlorliydrin . Cr'll 'C-Cl Cad'O^'Cy C«1P0* (monobasic). 

Dichlorl.ydrin . C*IPOCy--* CTPO' oxyparatartaric (di basic). 

Inchlorhydnii . C=*ilH:P C‘IPCy=* C“IPO® (tribasic). 

OXYPHEUIC ACXi>. (J’TPO”. Pyrocatechin. Pyromorin tami ic acid. (K c i n s c h, 
fu'jKT/.. lx\Jii. 64.- Wackeiirodor, Ann. Ch. Pharm. xxxvii. 327. — Z wronger, ibid. 
fwxvii. 327.— Ji. Wagner, J. pr. Chem. liL 460; Iv. 66. — Eissfeldt, ibid. xcii. 101. 
—biichner, 26/(7. xevi. 186.) — A snbstunco metamcric with hydroquinone (iii. 213), 
wiiliimi by the dry distillation of calechin, morin tannic* acid, and probably also of 
jpuccdanin and of kino; also of wood, whence it is found in wood-vinegar. It 
ocs^iiot occur in coal-tar. According to Eissfeldt and Uloth (Ann. Ch. Pharm. 
^xi. all those kinds of tannin which turn ferric salts grt‘en, — e. g. the tannin of 
/ erecia^ Polygonum Buturia^ Vaccinium MyrtUlus, Pyrola 

ywtUata,, Calluna Vidgaris, Lf dum palustre^ &c., yield oxyplumic acid by dry distilla- 
tion, whereas those kinds which turn ferric salts blue (c. .g that of ArbntiLs Uva Ursi, 
lihododi ndron ferrugincum) do not yield it. It is also produced, together with 
('bile heating oxysalicylic acid to 210° — 212°: — 00'“* 

y b IPO'*', a Certain quantity of the metameric body hydroquiiione being alw'ays 
fjnned at the same time. lodophonylic acid treated with potash-ley also yields oxy- 
^ enicacid. (Lautemann, Ann. Ch. Pharm. cxx. 299.) 

^ ^fparation. — 1. Catechin or catechu is introduced into a capacious retort and 
Micxly heated above its melting point till it chars ; the distillate which collects 
0 cooled receiver is evaporated at 30° till crystals form on the surface, the empy- 
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reuraatic oils which become resinised during the evaporation being separated hy 
tion; the black-brown crystalline mass which forms on cooling is sublimed (aft,., 
pressure between paper, according to Wagner), a lai^o quantity of liquid then paasinp 
over at first, which also yields oxyphenic acid by evaporation ; and the sublimation ,,1 
the crystals is repeated tliree or four times, till they no longer become coloured on 
exposure to the air (Zwonger). — 2. Crude morintannic acid mixed with an pfjnni 
quantity of sand is heated in a retort over a moderate fire; and the distillate, whuh 
solidifies on cooling, is freed from oil containing phenol by pressure between 
and purified by sublimation and recrystallisation from water (Wagner). — 3. 
abar kino or butea-kino yields by dry distillation a clear watery liquid smellinfr of 
creosote, iind leaving, after separation from empyreumatic oil, and evaporation, a black 
crystalline mass, which when sublimed, yields oxyphenic acid in thin colourless luniimc, 
and sometimes in rhombic prisms. From malabar kino (but not from butea-kino), 
a small quantity of oxyplieiiic acid may also be obtainc*d by oxtr,u?.tion witli (‘thop 
and evaporation, — or by precipitating the acpieous extract with acetate of lead, dfcorn- 
posing the lead precipitate with sulphuretted hj^drogen, evaporating, and digesting tfjo 
residue in ether (Eissfeldt). — 4. Crude wood-vinegar evaporated to a syrup is 
shaken up with a saturated solution of common salt; the liquid separnted from tJi-* 
tarry matter is agitated with ether; the ethereal liquid separated from t lie saline .soluiiun 
and the ethe r distilh-d off’; and the residue (containing oxyphenic acid, acetic acid .md 
tar-oil) distilled in a stream of carbonic anhydride, whereupon acetic acid2Jasses over tii-st, 
then oxyphenic acid and tar-oil, then a brown viscid oil. The middle portion of tlie 
distillate, which must be collected apart, solidifies on cooling in a reddish-yellow ervs- 
tallino pulp, which, wlien prt*ssed between bibulous paper and subliniod in a stream of 
carbonic anhydride, yields colourless oxyjihcnic acid. Or better: The wood-vimgar is 
shaken up with ether without previous evaporation ; the residue obtained from the 
ethereal liquid by distilling olftho ether is shaken up with a saturated solution of om- 
mon salt; the saline solution, after separation from the oil, again shaken up with cthi r; 
the ether distilled off*; and the residue also subjected to distillation : a liquid is then ob- 
tained, which, on cooling, yields tolerably pure crystals of oxyplieiiic acid. (13 ucli nor.) 

Properties. — Oxyphenic acid forms broad, white, strongly shining larniiue resombliiij^ 
benzoic acid, and rhombic prisms (Zwengor). Small sliining rectangular prisms 
belonging to the trimetric system ; bevelled with two facias resting on the acute hiti pul 
edges at an angle of 116® (Wagner and Neumann). It molts at IIG'^, ami 
sublimes even at a lower temperature (Zwonger); melts, after drying, betweeu 
110® and 1 15®, and volatilises gradually at 130® (between 50® and 60® according to 
Wagner); melts at 111'^ or 112® ; when perfectly dry, and volatilises even at ordinary 
temperatures (Eissfeldt); melts at 111°, and volatilises at the melting point, 
subliming in shining laminae (Buchner). Boils between 240® and 245® (between 
240® and 250°, according to Wagner), and yields colourless vapours which condeiis*^ 
into a quickly crystallising oil (Wagner). Tho vujxmrs have a pungent odour and 
excite coughing. It has a bitter taste and scarcely reddens litmus. Mixed with hydnv 
cliloric acid, it colours fir-wood violet, the colouring being stronger as Lho oxypheum 
acid is more free from plicnol. (Wagner.) 

Oxyphenic acid dissolves readily in water ; also in oil of vitriol and hydrochloric ami. 
very readily in alcakol,, and very readily according to Zwonger, but with difficulty 
according to B u e h n o r, in lihcr. ^ 

It quickly absorbs amnwniacal gas, and gives it olF agfiin in vacuo or at 100 . 
(Zwenger.) 

Its aqueous solution forms, with neutral acetate of lead, a thick white precipitafCi 
C«H*Pb"0*, wliich is permanent in the air, nearly insoluble in water, but dissolves 
very readily in acetic acid. When dried in tlie cold, it appears greenish-white, but 
brownish when dried at 100®. 

The aqueous solution of pyrocatcchiu does not colour ferrous salts; it colours 
salts dark green and then forms a black precipitate ; the dark green colour is changed 
by alkalis, oven iii very dilute solutions, to a beautiful violet-red like that of pcrniau* 
ganate of potassium, and tho green colour is restored by acids. 

It does not precipitate gelatin, or the salts of qmnine. 

Decompositions. — 1. Oxyphenic acid turns yellow wlien heated, and becomes somewhat 
richer in carbon. It also loaves a slight black residue when sublimed. This rosiuuo 
boiled with water, leaves an empyreumatic resin, and yields a brown decoction ; ou 
evaporating this liquid, a black film forms on the surface and a brown-black residue 
left. — 2. It burns with a bright fljime. — 3. Its aqueous solution turns reddish in 
fact with the air, and may bo evaporated Avithout decomposition. — 4. It is rapidiy 
decomposed by chlorate of potassium hydrochloric acid, yielding perchloroquinouf* 

— 5. Nitric acid acts upon it with violence, evolving red vapours. The produetB^oftnw 
reaction arc oxalic acid and tj’accs of a yellow nitro-acid, probably oxyphenic acid.— • 
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VC'ih ftQn‘'OUS chloride of Ihne op acid chromate of potassium^ it forms a black liquid 
^ \ a liliick precipitate. — 7. With aqueous caustic alkalis or alkaline carbonates it 
j, niixture which is yellow at first, then becomes greenish-yellow, and lastly 
1 M'k Tlie aqueous solution of oxyphenic acid produces a greenish precipitate with 
\}l, r solv-fion, silver being partly reduced, and a dark brown precipitate with sol- 
of qolfk "1"*^ platinio chloride it gradually imparts a green colour and tlioii forma 
!' frn'cnish-browii precipitate. According to Wagner, it easily reduces silver nitrate, 
«//%■(• thloride platinio chloride ; and at a boiling heat, cupric siilphatc ov acetate 
iiiixid witli potash; it also imparts a brown colour to cupric acetate, and then 
i'nrins a lilack-browp precipitate. It is not altered by sulphurons acid. (Wagner.) 

jlci toxff phenicacid, C“H'‘(C'‘H®0)‘'^0‘^, is produced by the action of chloride of 
acetyl on oxyphenic acid. It is easily fusible, ijisolnblo in water, but soluble in 
alcohol, whence it crystallises in needles, ltdoes not even colour iron-salts. (N achbaur, 
Ann. Ch. rhann. evii. 243.) 

qphenic acid, C*H*(C’H®0)‘0^ is obtained in like manner as a viscid 
mass which solidifies in the crystalline state after a few days. It is insoluble in water, 
easily soluble in alkalis and in alcohol, and crystallises from the latter in fun n id-shaped 
uiastft's of rlionibic crystals. 'I'he solution colours iron-salts green. (Nachbaiir.) 

oatYPHISia’Trii-Siri.PHirRIC ikCZ3>. C«II«.SO^— This acid is formed, with 
evoliuion of nitrogen, when the aqueous solution of diazophcnyl-sulpliuric acid, 
C‘dlhN'“lSO^ is heated above 60^. Its silver-salt, C‘^II®AglSO^ crystallises in small 
mvdles. (R Schmitt, Ann. Ch. Pharm. cxii. 118.) 

OXYPBTTCfiDAUrZXr. See Peucrdanin. 

OXYPHORPH YRIC ACZB. A nitro-acid produced by the action of nitric acid 
on I'uxanthono (ii. 610). 

OXYPZCRZC ACZS. C"1PN^0* •= C®IP(N0*)'’0^. — Stt/phnic acid (from 

iistri agent). Artificial hitter or artificial tannin of Brazil wood’-extraet. - This 
at. id, wliicli differs from picric or triiiif rophenic acid by 1 at. oxygen, is produced by 
the prolonged action of nitric acid a.r. the boiling heat on extract of Hrazil wood, 
cuxaiithone, gnm-ammonium, asafeetida, galbanum, sagupeniiin, or the aqueous extract 
of fustic* or sandal- wood. It was first obtained in an impure state by Chevreul in 
18h8 (Ann. Cli. Ixvi. 116; Ixxiii. 43), afterwards in the ])iire state and more exactly 
investigated by Erdmann in 1816 ( J. pr. Chem. xxxvii. 409; xxxviii. 365), and a 
few weeks lati.u’ by Pbttgor and Will (Ann. Ch. Pharm. Iviii. 273). 

Vreparfition.-‘-\. From Asafatida . 1 pt. of asafeetida in lumps of tho size of a 

walnut is heated to a tcMuiu-rainre betwei'ii 70*^ and 75° in a wide porcelain. basin, with 
4 to 6 pts. nitric acid of sjx'cific gravity 1-2, free from snlphuric and hydrochlorio 
acid ; and. after flic* resin has become soft.and divided, and a thick froth has risen, — 
wliicli Tiju.'-t be preventod from running over by stirring — tho mass, which is then 
h'inon-ooloured and viscid, is kept, togotlirr with the surrounding nitric acid liquid, at 
the boiling heat, wdth frequent addition of fresh acid, till (in 5 or 6 hours) it is com- 
pletely dissolved ; after which the dark rcd-hrowii solution is evaporated nearly to a syrup 
and mixed witli a small quantity of winter. If it then gives a greasy resinous precipitate, 
it niusi he hihled for a longer time with nitric acid ; but if it gives a yellowish sandy 
pre.'ipitnte, it must be carefully evajumited to a thick syrup to drive off the greater 
pai*t of tlie nitric acid ; then heated to the boiling point with a tolerable large quantity 
ol water; mixed with enrbonato of potassium as long as effervescence ensues, but no 
longer (so as not to redissolve any undccomposed portion of the resin W'liieh rises to 
the Burfact' when the liquid is neutralised); strained through grey paper ; evaporated; 
and left to crystalliso. The mother-liquor repieatedly evaporated and cooled yields an 
additional quantity of crystals of impure oxypiernte of potassium, till at last nitvate of 
potassium (but no oxalate) separates out. The ni'edlc-shaped crystals, united in red- 
brown crusts and nodub's, are freed from the mother-liquor by draining on bibulous 
paper, twice recrystalli.scd from water, with addition of animal charcoal, and 
dissolved in the smallest possible quantity of boiling water ; nitric acid is then added; 
and tlie oxypicrie acid, which separates after complete coiding as a yellowish-wliito 
powder, or in fern-like laminae, is collected on a filter, washed several times wu’th 
cold water, and after thorough dryii;g, roerystallised from boiling Ml>solute alcohol. 
I his ])rocess yields 3 per cent, of oxypicric acid. (Biittger and Will.) 

2. From com'tncrcial extract of Brazil wood, — The mode of preparation is similar to 
tQe preceding. 

3. From Euxanlhone or Eiixanthic add. — These substances are boiled for some time 
^Hh nitric acid of specific gravity 1‘31 ; the solution evaporated over the water-bath, 
Dclow 1 00° towards the end ; the sparingly soluble oxypicric acid separated from the oxal ic 
acid by repeated crystallisation, and dissolved in dilute carbonate of ammonium ; this 
fiolution saturated while warm with carbonate of ammonium, whereby tho oxypicrato 
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of ammoinum, which is insoluble in aqueous carbonate of ammonia, is made to 
crvstallise in yellow four-sided prisms ; these c^stals, if too dark-colouwd, are purified 
by animal charcoal ; and the oxypicrie acid is separated from them by hydrochloric 

4 From Peiicrdanin . — The oxypicricacid obtained by treatinpf peucedanin with warm 
nitric acid, is mixed wilh potasli to free it from tho oxalic acid which is abundantly 
mixed with it ; the oxypicrate of potassium which crystallises out is washed with cold 
water ; its solution in hot water is precipitated by a lead-salt ; and the acid separated 
from the precipitate. (Rothe, ,T. pr. Chem. xlvi. 376.) . , 

Properties . — Oxypicrie acid crystallises in pale yellow, regular, six-sided prisma 
resembling pyromorpliite ; they grate between the teeth, melt when carefully hcfited, 
and solidify in the radiated form on cooling. It has a slightly rougli taste, neither 
bitter nor sour, but reddens litmus strongly, and when dissolved in alcohol, 
colours tho skin permanently yellow. It dissolves, with yellow colo^, in 104 pta. of 
water at 25° (Erdmann); in 88 pis. at 62® (Bottger and Will). It is easily 
soluble in alcoM and in e/kr; more easily in strong ucci/c uarf than in water. It 
dissolves abundantly in strong nitric acid; less freidy in strong h/drorkloric rich/, and 
is partially precipitated from both acids by water in the form of powder. It gives a 

copious precipitate wi<li . 

Pecomjxfsiefons. — 1. Oxypicrie acid heated somewhat above its molting point gives off 
inflammable vapours. When suddenly heated, it deflagrates like gunpowder, with a 
bright yellow flame, mostly bordered with orange.-ytllow, and leaves a residue of 
charcoal. When gradually heated, it gives off nitrous gas nitrogen, earhonie 
anhydride, iiiflamnuiblo gas and water, and leaves finely- divided cha^oal; oii 

red-hot iron it deflagrates with flame.— 2. It is complottdy destroyed by boiling 
hydrochloric acid, with formation of oxalic acid, whereas boiling concentrated mtne or 
hydrochloric acid alone has no action upon it. — 3. It is decompost'd by boiling oil of 
vitriol. It is not decomposed by boiling with excess of concentrated potash ; and 
when digested with Hmi! and ferrous sulphate, rioe.s not form a red liquid, as picric ami 
does, but a colourless lupiid.- -4. It is not alforcd by siilphydric ucid, but the light 
yellow mixture of tho acid dissolved in alcohol with sulphide of ammonxim, im- 
mediately acquires a dark brown-red colour when healed, and leaves on evaporation a 
black mass, containing, besides sulphur and a small quantity of black powder,^ im 
ammonium-salt which may be dissolved out by water and whose acid resembles pipric 
acid and oxypicrie acid.- -5. The hot aqueous acid dissolves ferrous sulphide with less 
evolution of sulphydric acid than might be expected. With Hnc or iron it likewise 
gives off a less than proportionate quantity of hydrogen, forming greenish-bi*own solu- 
tions. It does not act on cadmium, lead, copper or silvi^r. Its powder strewn on 
potassium (not on sodium) takes fire when slightly pressed with a pestle. ^ 
Oxyptchatf.s.— O xypicrie acid easily decomposes carbonates. It is dibasic, 

•neutral and acid sail s. Nearly all oxypicrates detonate, when subj<H*ted to a gradually 
increasing beat (not by percussion), oven more violently than the pierates. hrom t lo 
mpieous solutions of flie heavy metallic salts of this acid, animal charcoal removes a 
whole of the oxide, espHciall y from the stypliiiates of manganese, lead, nickel and copper 
salts. (Bottger and W i 1 1, II o t he.) 

Ammonium-salts. a. Neutral. C«H(NH*)"(NO'0®0^— The aqueous acid neu- 

tralised with ammonira and then SHtarat(?d, while warm, with solid carbonate o 
ammonium, which diminishes the solubility of oxypicrate of ammonium in vsmter, yie <; 
large orange-yellow needles which detonate slightly when heated and dissolve i 
wafer more readily tlian the acid salt (Bottger and Will). The cry.stals mo^ 
clinic, exhibiting tho combination coP. [ooPoc] . ooPoo . [P*]- — P- , .j 

Ktipio of principal axis, clinodiagonal and orthodiagonal = 1 : 1-6609 : 2*090. ^ Angle 
inclined axes = 70° 52'. Angle ceP : <»P in the clinodiagonal principal section = 

32'* [Poo] : [Poo] ~ 13o^ 2'. Cleavage imperfect parallel to [ooPcao]. (SehabuB-j 
$. Acid. C«K*(NH’)(N0-)’0*— Obtained by neutralising one-half of the acid wud 
carbonate of ammonium, adding the other half, then evaporating and cooling. A co • 
paratively dilute solution yields large, light-yellow, flat needles, and a solution | 

cimtriited by evaporation yields capillary interlaced needles, which detonate very sug : 

The harium-salt, C«HBa"(N0-)*0*.2p0, is very soluble, and crystaUises 
orange-coloured very shortened needles, which give off half their water at 100 • 

The cadmium^salt deliquescent. , 

The calcium-salt, 2G*HGa"(N0*)"0‘*.7H20 ? is also very soluble, and dyetains 
in nodules which give off 10*22 per cent. (2 at.) water at 100®. ^ jmUou 

The cobalt-salt forms light-brown very soluble needles. The 
salt forms brown-yellow neediee ; the potassio-cohaltous salt, hard brown ^ 

The cupric salt, C'*HCu'YNO*)»O^H-0, is obtained in light, y^ellow 
leaving a solution of cupric carbonate in oxypicrie acid to evaporate. The 
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cupric s(dt\» obtained in brown, moderately soluble tridinic crystals, by dissolving 
piinric carbonate in a saturated solution of oxypicrato of ammonium. The potassw- 
cupric salt^ ? prepared in like manner, forms tufts of brown 

luidles wiiich detonate with great violence when heated. 

Jf on-salts. — The flltrato ol tained by precipitating the barium-salt with 
gtifphatc, slow'ly yields bluck-grcen crystals^ whicli dissolve readily and pass to a higher 
state of oxidation. The ammonium-salt mixed with iron alum forms yellow needles of 

f(rrk orypicrate. 

Jjead-salt . — The . 977 ^/ has not been obtained, A solution of neutral load 

acetate mixed with oxy picric acid forms a light yellow llocculent precipitate consisting of 
a hasic salt, C‘''^H‘*Pb (N0^)®0\2Pb 0.3H‘^0. It is insoluble in water, and when dry 
detonates by mere pressure. 

The magnesium- salt is very soluble and difficult to crystallise. 

The manganese- salt is obtained by precipitating the barium-salt with manganous 
siilpluite, and evaporating in light yellow rhombic tablets, which wlion heated melt in 
their water of crystallisation and turn red. It gives off 22-98 per C(!iit. water (10 at.) 
Ht 100° 

^\\o. nickel -salt crystallises with difficulty in light yellow, very soluble needles. 
G'ho nickil-potassium salt forms lirown crystalline crusts. 

Potassium -salts. — The neutral salt, C®IIK'(NO‘^)’‘0'', forms thin, truneated 
orange-yellow needh-s, sparingly soluble in water. Potasli addt'd in excess to tho 
aijncous acid throws down this salt in tho form of a crystalline powder. The acid-salt, 
0“ir‘K(N0'^)='O'-MPO, obtained by saturating half of a given quantity of oxypicrio aci<i 
vitJi chrbonnt(! of potassium, and then adding tho otlu'r half, crystallises in light yellow 
cajiillary needle s, which give off their water of crystallisation at. 100°. 

Silver • salt, C'‘HAg-( NO'‘*)*0*. Tho solution of eurbonato of silver in the aqueous 
aciil at. C0°, or the mixl uro of the potassium-salt with a niod<‘rately strong solution of 
riilratp of silver prepared at 00° yields, wheat somewhat quickly cooled, light yellow, 
fl.it needles, three inclics long, or by slow cooling, lamiine wliicb dissolve sj>:mngly in 
wafer, and from whose solutimi tho silver is reducod on boiling, with decomposition of 
(In: acid. 

Sodinm-salts.-^The^nevtrali^dll, 2C®HNa‘(NO-)®O2.r)TP0 (?), crystallises in small 
light yellow needh's, very solubh'in w^ater, and giving off the whole of their cryst-allisa- 
Lion-water at 100°. I'lio acKl-salt has mjt been obtained in tho cry.stalline state. 

The stroniiw')n-,salt, C“Il*Sr"(NO‘)®0*.2ir-’0, is much more solublcj tlian tho 
barium-salt, but crystallises very easily from a moderately coiiceiit.ratc'd solution in 
very largo nodules composed of long light yellow needles, which give off 7*02 per cent, 
water at 100°. 

OXYPZNZTAXarxrzc acid. C'^TT"‘0».-~An acid said by Kawalior (Wien. 
Acad. Jh r. xi. .351) to occur about Chrislnias in tho needles of the Scotch fir {Pmus 
splerstns). To extract it, the comminuted ncodle.s are exhausted with boiling alcohol 
()f 40 per Cent.; the alcoliol is distilled off; and the rtssidue is mixed with watn*, 
which throws down a green mass of resin, w-hilo tho supernatant liquid retains in 
solution pinipicrin sugar, oxypinitannic acid, pinitannic acid and traces of citric acid. 
Jhis liquid may be rendered liltrable by addition of a few dro])s of neutral lead-acetate ; 
and on mixing the filtrate with an excess of that rc^agtait, oxypinitannate of lead is 
precipitated. This precipitate is then to be digested w ith dilute acetic acid ; the filtrate 
precipitated by basic Icad-acetato, which throws down pure oxypinitannate of lead ; the 
P^cipitate decomposed by sulphydric acid ; and the filtrate evaporated over tlie 

9xypinitannic acid is a lirownish inodorous pow’der having a very astringent taste, 
easily soluble in water. The solution is coloured ytdlow by ammonia; forms with 
laryta. water a yellow liquid which deposits red flocks when heated ; is coloured green 
>y ./(Trie chloride ; and fonns a greonish-browm precipitate with cupTijgsulphate and a 
quantity of ammonia. It is not precipitated by tartar-emetic or nitrate of silver. 

(en supersaturated with ammonia, it quickly absorbs oxygen from iho air and 
acquires a brown colour. Hy boiling with hydrochloric aeid, it acquires the colour of 
boiled with dilute stdphuric acid it deposits a red powder, but does 
0 yield sugar. The ammonium-salt mixed with silver-nitrate, becomes turbid and 
eposits metallic silver when heated. 

OXTPKOTimr. SeoPnOTEiN. 

C’H'*0>? (Arppe, Ann. Ch. Pharm. xcv. 242.)— An 

on simultaneously with succinic acid by the action of nitric acid 

_ seoacic acid. It crystallises sometimes in colourless laminie, sometimes in spherical 
at dissolves in 42 pts. of water at 20°, much more ca.sily in boiling water, molt.s 
, and decomposes at laglier temperatures. It gave by analysis 177 to 48-1 per 
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cent, carbon, and G’Cy to 6-9 hydrogen, the above formula requiring 477 carbon ibd 6R 
h ydrogen. The silver-sjilr gave 57*0 per cent, silver, the formula 0’H'®Ag*0* r^uiiin^ 
(ny \: jW cent. According to AVirz (Ann. Ch. Pharm. civ. 257), this acid is identirjU 
•with pinielic acid, CMP^O^ Arppe in a later communication (Ann. Ch. Pharm. cxv 
143) states that the acid obtained as above easily passes from the granular into the 
laminar form, that the composition of the granular acid agrees best with the formula 
of pimelic acid, but the lairdiiar acid has the composition C’H‘20\ 

OXYQUZlVliyrZ!. A compound formed by boiling sulphate of quinine with nitrite 
of potassium. Nitrogen gas is then evolved, and tlio liquid when cold, yields with 
ammonia a white crystallo-granular precipitate, the alcoholic solution of which leaves 
on evaporation a transparent amorphous residue, quickly becoming crystalline in contact 
with water. The crystalline granules mek at lOO*^ in their water of crystallisation 
give it otf at 130° and are converted into a colourless transparent mass, which remains 
solid at 140°, and contains = quinine + 1 at. oxygen. It is insoluble iu 

water, soluble imilcohol and ether, and less bitter than quinine. (Schiitzonberger 
Compt. rend, xlvii. 81.) 

OXYRROPKOXrs (from po<f)dp€iv, to absorb). A name applied by Bober einor 
to platinum-black, because, according to his observations, it absorbs oxygen from the 
air and not nitrogen. 

OXYSAZiZCYXiZC ACZR, (L automan n, Ann. Ch. Pharm. cxx. 

299 ; Jahresb. 1862, p. 397.) — This acid, metameric with oarbohydroquinonic (iii. 214), 
hypogallic and protocatcchuic acid.s, is produced by boiling a solution of mono- 
iodosalicylic acid in caustic potash. When the reaction is completed («. e. Vhon a 
drop of the liquid mixed with liydrocliloric acid no longer gives a precipitate of 
iodosalic^dic acid) tlie liquid is to be slightly supersaturated with hydrochloric acid, 
and filtered when cold ; and the filtrate shaken up with ether, which tak(‘s up nothing 
but oxysalicylic acid, and loaves it on evaporation as a brown crystalliiio mass. Tlio 
acid is purified l)y treating its solution with acetate of lead and sulphydric acid. 

Oxysalicylic acid forms highly lu.strous needles easily soluble in water, alcohol, and 
ether. The aqueous solution mixed with ferric chloride acquires a deep blue colour, 
cJianging to a splendid violet on addition of acid carbonate ohsodium. Tlie crystallised 
acid contains no water of crystallisation; it melts at 193° and is reserved between 210® 
and 212° into carbonic anhydride and oxyphcnic acid together with its isomer 

hydroquin one. 

The salts of oxysalicylic acid are. very unstable ; those of the alkaline earth-mefak 
turn brown and decompose when their aqueous solutions are exposed to the air. Tht 
acid, in contact with alkalis, instantly becomes reddish, and soon afterwards brown. 

Bioxysallcylic or Gallic Acid* C^IPO®, is produced in like manner by the action 
of boiling potash oii di-iodosalieylic acid (ii. 760), but a considerable portion of tlio 
gallic acid thus formed is converted during the process into pyrogallic acid, the potash 
acting upon it under these circumstances in the same manner as a high tempeniture. 
Bi-iodosalicylic acid heated for six hours to 150° in a scaled tube with excess of potas- 
sium carbonate, yicMs a mixture of salicylic, oxysalicylic, and dioxysalicylic acids. 

OXYSAZiTS. S;ilts of oxygen-acids, or oxides in which the hydrogen of the type 
nll“0 is replaced, partly by acid, partly by basylous radicles. (See Sat.ts.) 

OXYSTRYCKR’IxrES. (Schiitzenberger, Compt. rend, xlvii. 79.) — Com- 
pounds produced by the oxidation of strychnine. Wlum sulphate of stiychmnc is 
boiled with nitrite of potassium in aqueous soliiti<ju, nitrogen is abundantly evolved, 
and the liquid, on addition of ammonia, yields a light yellow flocculeiit substance which 
crystallise.s from alcohol in tran.sparcnt orange-yellow crystals, apparently having the 
form of rhombic prisms with truncated edges, and consisting of oxystry-chnin^S 
C'^IP^N'O® = C‘'11'-'N*02 (strychnine) -e 3H O 4* O. The mother-liquor on 

further concentration deposits darker coloured orange-red prism.s of dioxystrych- 
iiine, -r 3TI‘0 + 0* Both compounds are insoluble 

in water and in ether, contain no water of crystallisation, decompose at 300°, and have 
a bitter taste, but not so strong as that of strychnine. 

03tYSiriiPHIl>ES. Compounds of oxides and sulphides, or sulphides iD fCbich 
the sulphur is partly replaced by oxygen. Many metallic oxysulphides occhi tw 
natiirid minerals, red antbmnjy or Tceryncsomc for examplo ; many others are formed 
artificially, as antimonial crocus or saffron (i. 328). 

®*'*'S‘CrijPHOt!ARBOMriC BTRERS. See SuLPiioCAutiONtC ^ ; 

OXYSBXiPKOPXiATZZrOCYAnrZBB OF POTASaZUBi:. Seo 
Platinum (ii. 267). : > 

^ 03tYSUliPHOSXIXPHIJROiyS ACZB. Syn. with Hyposulphubous Aon? 
SuLPHUB, Oxygen-acids of). 
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tfXnmVXO AOZS. C^H^O* ?— a viscid substance obtained by oxidation ot 
sylvic acid (j. «k). 

oX-rraSSPHTBAIiAMIO ACZ 9 . C*H'NO» - (C»H* 0 )"Iq. (De La 

H 3 

Hue end Miillen, Proc. Roy. Soc. xi. 112;^ Jahresb. 1861, p. 425.) — Produced by the 
action of reducing agents on nitroterephthalic acid. It crystallises in thin prisnis or 
moss-like aggregations of lomon-yellow colour. It is sparingly soluble in cold water, 
alcohol, ether and. chloroform, and like its analogues, glycollamic acid, &c., unites 
both with bases and with acids. 

The oxyUr(q)}ithalarn£Ltca are crystallisable and easily soluble in water and in alcohol, 
forming strongly fluorescent solutions ; the compounds of oxytereph thalamic acid with 
rtc/V/s are likewise crystallisable, but are decomposed by a largo quantity of water ; the 
acid solutions are not fluorescent. 

The ethers of oxyterephthalaniic acid are obtained by reduction of the nitrotereph- 
thiilic ethers. The methylic ether is crystalline and soluble in warm alcohol ; the 
dhtlic ether forms large crystals resembling ui-anic niti-ate, and forming a strongly 
fluoresctmt solution. 

By the action of nitrous acid on oxyterephthalamic acid in alcoholic solution, a num- 
ber of compounds are formed analogous to those which Griess obtained from oxyben- 
zamic acid (p. 292). 


OZTT£RX:PBTR.a.XiZC BCXll, is produced, with copious evolution of 

nitrogen, by the action of nitrous acid on oxyterephthalamic acid. The salts are 
crystallisable, and loss soluble tliaii the corresponding terephthalates. Tlie neutral 
ethers are liquid ; so also is the chloride, of oxyterephihalyl, which is easily soluble in 
water and in alcohol. (Be La Rue and Miiller.) 


OSYTOX.ZC jBlCZO. C'IPO*. (Fittig, Ann. Ch. Pharm. cxx. 966.)— An acid, 
isomeric with salicylic and oxy benzoic acids, and perhaps also with arnpelic acrid (i. 201), 
It i.s produced by the oxidation of toluene (hydride of benzyl, i. 573). Wlien toluene 
(boiling between 108® and 113®) is boiled for four or five days with a mixture of 1 pt. 
commercial nitric acid and 2 pts. water, a crystalline mixture of aends is obtained which 
are somewhat difficult to separate. On repeatedly treating the crystalline mass which 
remains after the distillation of the unaltered toluene and the nitrotoluono with a 
small quantity of hot water, so that about a fourth pait shall remain undissolvcd, and 
leaving the solution to cool, oxytolic acid cry.stallises out, and may be purified by dis- 
tilhif ion, conversion into a calcium- salt, and repeated crystallisation of the latter, till 
the acid separated from it melts constantly at 180®. 

The mother-liquor of the oxytolate of calcium yielded a calcium-salt, the acidof whieli 
appeared to bo impure benzoic acid. The less soluble portion of the product, of the 
oxidation above described contained an acid which exhibited nearly the composition 
CTI‘'0^; but it did not melt at a constant temperature, and still contained nitrogen ; 
whence Fittig concludes that it consisted of oxytolic acid contaminated with a nitro- 
compound. 

Oxytolm acid is sparingly soluble in cold water, but dissolves more freely in hot 
water and in alcohol. It crystallises from water in colourless needles, melt.s at 180°, 
solidifies at 177®, sublimes below its melting point and distils undecompo.sed at higher 
temperatures. The vapour, both of the dry acid and of the aqueous solution, excites 
coughing, like benzoic acid. 

Oxytolic Mid is monobasic. The potassium-salt, C^H^KO*, is very soluble in water, 
and crystalliscB from alcohol in small needles. The sodium-salt is precipitated ms a 
jelly from its aqueous solution by alcohol. Thet haHurn-salt, gives off its 

"enm Jt’ystallisation (amount not determined) over oil of vitriol. The calcium-suit, 
ciystallises in needles soluble in water and in alcohol. The silver-salt, 
b H AgO*, is a white precipitate which di.ssolves in hot water, and crystallises t here- 
from in needles. Iron, copper, and lead-salts are likewise obtained by precipitation with 
of ammonium. 

The rcMtidns of oxytolic acid resemble those of Laurent’s ampelic acid more than 
those of either of its other isomers (i. 201). 

OXYTOXiVAMZO ACXB. C*H®N02 « (C«H«0)"lo ov Amidotoluie acid, 

C*H^(NE[s )02 . gjgQ^ improperly, called Toluamic add. (Cahours, Ann. Ch. Pharm. ^ 
l^^O—Obtained by reduction of nitrotoluic acid with sulphide of ammonium, just 
» us homolo^e, oxybenzaraic acid (p. 290), is obtained from nitrobenzoic acid. It unit ea 
'frh acids, forming eryltallisable compounds resembling those of oxybenzamic acid 

V OL, IV, \ V Y 
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Tho hydrocMorafo, HCl, crystalliVcH in amall nacreous 

platinate, in rod-brown noodles. ' ; ^ 

Diasotoluyl-oxytoluamio acid, . :lH-() « ^ 

pared by heating oxytoluamic acid with nitnTus etJxer to 30°, just, as the coc 
l»erizoic compound is obtained from oxybeiizamie acid (p. 292), It forms yehowi&ici^ 
ecopic prisms, insoluble in water, alcohol, and ether ; acids dissolve and decoi)]^^ ^ 
alkalis dissolve it unaltered. Its reactions are precisely analogous to those oFijSzbb 
benzo-oxybenzamic acid. - , ' 

The potassium-^ sodium-, Jind am77ionmm-salts of this acid form easily soluble ciysf^i. 
line masses; the latter easily decomposes when its aqueous . solution is boiled. 
barium- salt is a yellowish precipitate, insoluble in water and in alcohol. The silver* 
salt is a white gelatinous precipitate. (Griess, Ann. Cln Pharm. cxvii. 59.) 

OTSTSRS. The body of the oyster consists mainly, according to Mulder, 
albuminoidal or protein substance, which coagulates at 90°, and is then soluble 
strong acetic acid. Oysters contain 0*5 per cent, of salts. 

Dried oyster-shells contain, according to Buchholz and Brandos, 9*8 pei^ cent, 
calcic carbonate, 1*2 calcic phosphate, 0*5 albuminous substance, and 0*2 alumina (?{ 
According to a more recent investigation by Schlossberger (Ann. Ch. Pharm.xcTiii' 
99), oyster-shells con si. St of three anatomically distinct lay(.'rs : 1. An inner layer, the 
so-called mother-of pearl, smooth, shining, and semi-transpanmt : Carpenter’s swA- 
•nacreous substance* — 2. The brown, hard scale.s, forming the outer t'dges of tho sucGCSBire 
laminse of which the upper shell is composed, these lamina being placed one over the 
other, like tiles on a roof ; Carpenter’s prismatic cellular substance. — 3. A white, dull, 
opaque, friable substance, called by Schlossberger the chalky layer, interposed here and 
there between the laminae of the shell. These three layers were found to contain : 

1 2 3 


Carbonate of calcium 


. 



94*7 

98*3 

89*1 88 

Organic matter 

, 

, 


, 

2*2 

0*8 

6*3 4^ 

Other salts (and loss) 

. 

. 

. 

. 

3*1 

0*8 

4*6 


The salts contain small quantities of phosphoric acid and alkalis, with traces of 
silica and sulphuric acid. 

The organic substance which remains on treating the shells with dilute sulphuric acid 
consists mainly of brown films, which are insoluble in hot water, even under increased 
pressure, dissolve gi*adually with aid of heat, in concentrated mineral acids, but only 
partially in potash-ley of 50 per cent. The portion insoluble in potash contains 50*7 
per cent, carbon, 6*5 hydrogen, and 16*7 nitrogen, and is therefore similar in composition 
to Fr^my’a conchiolin (i. 1107), and is distinguished from ehitin (i. 874) by its large 
amount of nitrogen. (Schlossberger.) 

^ Oyster water. The water within the shell of tho oyster is not simply sea-water, but is 
distinguished from it by containing less salts and more organic matter. When shaken up 
with ether, it deposits an albuminous substance containing 8*75 per cent, nitrogen. This 
albuminous matter amounts to 0*0056 of the liquid, wliich is composed oif 95*888 pts. 
water, 3*022 salts,' 0*500 azotised matter, 0*529 non-azotised matter t* 100). The 
weight of liquid in the oyster is nearly equal to that of the fiesh ; it probably contribi^ 
to alimentation. A doztm oysters weighing 1*482 were found to be composed 
sheU, 0*112 flesh, and 0*102 liquid. On calculating the quantity of alimeftta^ nMKfif 
equivalent to the nitrogen, it is found that a dozen oysters contain a 
azotised matter equal to about one-tenth of the ration (? daily) of a man* (Fay® 
Bull. Soc. Chim. ii. 235.) 

OZARXZTS. An amorphous or fibrous variety of ThomSonite 
mountains, Arkansas, whore it occurs with elaeolite; often also 
ThOMSONITB). 

OZOCSRZTB or OZOILBMTB. A fossil resin discovered by iti 

tone in Moldavia, in the vicinity of coal and rock-salt. It alsa ocettts at 
near Gaming in Austria, and at Truskawicsz in Galicia ; also at the XJjyeth I 
Newcastle-on-Tyno. It is like a resinous wax in consistence and tr^slj 
times with a foliated struct ure. Its colour is brown or brownish-yellow T 
light ; leek-green by reflected light. Odour pleasantly aromatic, vi f 
S5S 0*94 — 0*97. Melts at 62° (Schrotter), at 84° according.to Mai 
210° (Schrotter), at 300° (Malaguti). According to Johnstoh^the ‘L-r— - , » 

melts at 60 and boils at 121°. It distils without decomposition, is not 
strong acids, and veiy little by hot concentrated alcofaoL Moldavian 
solves but slightly in ether, whereas the Urpeth variety dissolves in 

• Cyclopsedift of AsAtomy, art. Shsli.. 
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and sajMiiatcs on evaporation in brown flock* which me.t at 38-9° 
^Our $ubstances are supposed to be here 
composition of oeoeerite is as follows ; - 






Moldavia. 

Urpeth. 





Malaffuti. 

Sch roster. 

Johnston. 

• 

• 

• 

• 

85*76 

86*20 

86*80 

• 

• 

• 

• 

15*16 

13*79 

14*06 





100*90 

99*99 

100*86 


Citfbon . 
Hydrogen 


It is decomposed by dry distillation, yielding, according to Malguti, 10-34 per cent. 
MS, 74*01 oily matter, 12*55 crystalline substance, and 3*10 Ctirboiiacoous residue. 
(Gerh. iv. 399. Dana, ii. 474.) 

Bertolio (Jahresb. 1860, p. .797) examined a fossil resin sent from Rio Janeiro as 
ozocerite, but of unknown origin. It was yellow, shining, greasy to the touch, of the 
hardness of Ulc, with a conchoiVlal fmeture. Specific gravity 0*98. It melted at 85°, 
and boiled at 245° turning brown and emitting a fatty odour. It dissolved in hot 
alcohol and separated on cooling as a white powder composed of laminae. Gave by 
analysis 69*5 to 70*2 per cent, carbon and 12-2 hydrogen, approximating to the com* 
position of monomargarin or monostoarin. 

OZOirSw See Oxygen (p. 299). 

OZOSfIS-BVXIROGSJfa According to Osami, hydrogen evolved by electrolysis 
jfrom water acidulated with sulphuric acid, possesses stronger reducing properties than 
ordinary hydrogen, inasmuch as a piece of coke or spongy platinum immersed in tho 
gas thus obtained, or used as the negative pole in the circuit in which the acidulated 
water is decomposed, acquires the power of reducing silver from a solution of the sul- 
phate, and of producing a blue colour in a solution of fiTric chloride mixed with 
ferric^'anide of potassium : hence he calls it ozone - hydrogen. According to later. 
experiBients, however, it appears that to obtain this active hydrogen it is necessary to 
toe a recently prepared mixture of water and fuming sulphuric acid. (See Jahresb. 
1853, p. 316; 1864, p. 286; 1855, p. 292; 1856, p. 273; 1857, p. 81; 1858, p. 64.) 

OZOMTSx'WAiTSR. An ^iieous solution of ozone, which, according to Meissner 
(Jahresb. 1862, p. 1«30), exhibits in certain cases an action opposed to that of peroxide 
of hydrogen, preventing the separation of iodine from iodide of potassium by peroxide 
of hydrogen and dilute acids, or by nitrate or iodate of potassium with acids. When 
this solution is shaken up with peroxide of barium, a violeyit evolution of oxygen takes 
place, and the filtrate no longer exhibits the reactions of ozone. Meissner regards ozone- 
water as water combined with negative oxygen or ozone ; peroxide of hydrogen as water 
combmedwith positive oxygen or antozone. 


MCUZtXiOw 

.Perrihg.) 


P- 

Tho bark of the Pachnolo tree of Bogota contains berberine. 


»ACBiro&m (from irix^Vt rime). (A, Knop, Ann. Ch. Pharm. cxxvii. 61. 
v, Batyh, Pogg. Ann. cxi:^. 261.) — A fluoride of aluminium, calcium and sodium, 
Greenland cryolite, as an efflorescence of small, shining, colourless 
Ci^stals lining the cavities of tho cryolite, or in larger crystals of rect- 
(^arallelopipedal form dh the surface. Tho smaller crystals are rhombic 
odP . P . oP (Knop), ; 
ftiMi faces aie u fpllowa : 


, also with the face |P (v. Rath). The inclinations 


picoP ; : ; ; - - 

3? ; p in the macrodiagonal titainal edge 
If m the bmehydiagoi^' tehninal e^e 
I »» ™ the basad edge ... 

I P : I P m the maciodia^W , terminal edge 
If ,1 in tho brachydiagoikiU terminal edge 
» If in the basal edge . . 

to KiMp’s ueaiareinents, the rat|o of the axe* a 

'< f 2 


V. Rath. Knop. 

81° 28' 81° 24' 

166° 0' 164° 10' 

92° 23' 93° 68' 

106° 49' 108° 8' 

132° 0' 128° 20' 

86° 60' 

102° 23' 

147® 20' 

: 6: cis 0-8601:1 : 1*3469. 
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PACKFONG— PALAGONITE. 


The mineral when slowly heated gives off aqueous vapour without acid rea^^; 
when quickly heated, it emits white acid vapours which condense on the sideii of tha 
class tube and can no longer be volatilised; the residue melts easUv to a transhcent 
enamel. The sublimate is insoluble in water, but dissolves easily in hydrochloric acid, 
giving the reactions of alumina. The mineral dissolves easily in sulphuric acid with 
evolution of hydrofluoric acid. 

Itgavebpnal,8is^^ c. F IPO 

1314 1216 17-26 60-79 9-60 = 102-94 (Enop). 

13-20 12-06 18-06 undet. 9-36 (v. Bath). 


S 3 po"l 

I j^g^«|F*-2Al"T*.2H*0, which is 

that of a hydrated cryolite having f of tlie sodium replaced by calcium ; this formula 
requires 12*29 per cent. Al, 12*38 Na, 17*25 Ca, 61*12 F, and 8*07 v, Rathgivt^a 

a formula in which two-thirds of the sodium of cryolite is replaced by calcium, and 
half the fluoride of aluminimn by alumina ; but he did not determine the fluorine. 


PAGXFOXrG or PikCKTOMTC. Chinese nickel-silver (see Copfrr, Allots of, 

ii. 61). 


PJBOnrnr. A red colouring matter obtained from phenylic alcohol by the action 
of sulphuric and oxalic acids. Kolbe and Schmitt (Ann. Ch. Pharm. cxix. 169), hy 
beating I5 pt. plienylic alcohol (coal-tar crc'osoto) with 1 pt. oxalic and 2 pts. strong 
sulphuric acid to 140°— 150^, for four or five hours, obtained a dark brown-rod mass, 
which after htMiig freed from phenyl-sulphuric acid by boiling with water, solidiiied to 
a brittle resinous siibslance. This substance dissolves with splendid purple-red colour 
in ammonia and potash-ley, and separates on neutralisation in orange-coloured flocks, 
having when dry a splendid orange-red colour, like that of precipitated alizarin. It 
melts at 80°, and then gives off phenylic alcohol ; loses its colour when treated with 
sodium-amalgam or with iron-filings and acetic acid, but is stable in combination with 
alkalis. It gives by analysis numbers agreeing with the foiroula C^H^O, and is re- 
garded by K 0 1 b e and S c h m i 1 1 as probably related to rosolic acid. 

Guition, Mamas and Bonnet (R^p. Chim. app. iv. 460) prepare this red resinous 
colouring matter (which they designate as pSonine instable) by heating 10 pts. phenylic 
alcohol with 4 to 8 pts. oxalic acid and 3 to 6 pta. sulphuric acid, and boiling with water 
as above; then heat it with 2^ pts, aqueous ammonia to 160° in a closed metallic vessel 
for three hours; and from the resulting solution, by ii process not further described^ they 
obtain the colouring matter in a form in which it withstands the action of acids {paoviine 
stable). By heating 5 pts. of this product with 6 to 8 pts. of aniline for several houifl, 
they further obtain a blue colouring matter {azulin\ insoluble in water, but soluble in 
alcohol and in ether. 


IPAOOBZTS. Syn. with Agalmatolitb. 

PAZ88E&OZTS. Syn. with Kuodqnite. 

PAROB KIDABTO. Syn. with Cibotium Cuminou (i. 962). 

PAXiJBO-CRYSTAXiS. A term applied by Haidinger to the original minerals 
from which paramorplis or pseudomorphs are formed : thus augite which has been 
altered to steatite, serpentine, &c., is called palceo-augito, the mineral resulting fiom 
the alteration being the pseudoiiiorph. 

P AB AaOETZTE. An amorphtms mineral wh ich , according to Bunsen and Sartorius 
V, Waltershausen, is an essential constituent of the volcanic formations of Iceland ana 
Sicily. It has generally a brown or yellow colour and a vitreous or greasy lustre ; har- 
ness s=» 4 to 6 ; specific gravity «= 2 4 to 2*7. It gives off water when heated, melts 
easily before the blowpipe to a black magnetic lead, and is easily^ decomposed ana 
gelatinised by hydrochloric acid. It is however always mixed with a number 01 
minerals, chiefly augite and felspar, which are not acted upon by acids; 
following analyses these foreign minerals are deducted. The analyses of Simia* 
palagonite are byv. Waltershausen (Vulkanische Gesteine, p. 179) ; those of tn® 
Icelandic mineral are by Bunsen (Ann. Ch. Pharm. Ixi. 266). ^ 1?-. 

a. From Val di Noto, Palagonia.— 6. Black palagonite tufa from MilitellOi—^» ^® 
Aci Ca.stello. — d. From Trollkonugil on Hekla. — e. From Krisuvik.— /. From Sudaf^ 
palagonite tufa. — ff. From the Galepagos islands : rock forming a crater 
A. From Hof Beselich near Limburg (F. Sandberger, J. pr. Chem. xlrii. 4W^ 
f. Black mineral analogous in composition to pala^nite, from Honnef in the SieP®®* 
gebirge (Wackernagel, Rammelsber^'s Miiwralekerme, p. 868). 
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a. 

K 

c. 

d. 

e. 

/. 

9- 

h. 

i. 

Silica • 

38-69 

41-37 

36-97 

40-74 

40-30 

41-46 

36-96 

48-96 

41-63 

Alumina 

13-61 

11-32 

7*80 

8-42 

14-45 

10-90 

11-66 

9-94 

18-72 

IVrric oxide. 

1461 

15-64 

21-01 

18-00 

14-60 

18-12 

10-71 

10-54 

2-36 

I'Vrrous oxide 

. . 

1-80 

. . 

. . 

, . 

, 

, 

, 

7-83 

Lime . 

8-38 

9-03 

6-31 

8*75 

6-88 

8-55 

7-95 

4-98 

1-07 

Magnesia . 

6-13 

7T4 

4-83 

4-54 

7*57 

4-80 

6-27 

3-04 

6-23 

(Soda . 

1-07 

1-01 

7-23 

0-62 

1-82 

0-64 

0-55 

1-04 

2-51t 

Potash 

1-35 

1-10 

0-94 

0-43 

0-44 

0-40 

0-77 

0-82 

Water. . 16*26 

Phosphoric anhydride 

11-69 

16-91 

18-50 

13-50 

0-14 

14-49* 

25-24 

20-68 

20-71 


100 

100 

100 

100 

100~~ 

99*30 

100 

100 

100-06 


These analytical results cannot be included unde.p any general formula ; they show 
indeed that palagonite is either a mixture or a compound oontarninated with foreign 
fiulistances. Bunsen has suggested for the greater number of palagonitos tho formula 
3(31 ^0.SiO“).ABO^.3SiOM 011^0, which however does not agree exactly with any 
individual analysi.s. 

PAltGOBSKlTl!. A white asbestiform silicate of specific gravity 2‘217 in tho 
Paligorian mining district of the Ural. Contains, acconliiig to Scaft.schenkow, 52-18 
prr cent, silica, 18-32 alumina, 8-19 magnesia, 0*59 lime, 12 04 combined water, and 
8-4G waler given off at 100® ( = 99-84). 

PAXiZSAM'BBR WOOB. a red dye-wood from Madagascar, tho colouring 
niaMi r of which is affected by the air and by solveiit.s, in the same manner as that of 
sii tidal- wood, but lias less of an orange tint and is less able to resist the action of 
alkalis tluiu the latter, being changed thereby to green, olive-green and brown, 
(Aniaudon, Cimento, viii. 278.) 


PAliliABAIVKZXrB. } 
PAZiXiAB-BZAMXZirS. ( 


See Palladium-bases, Am^uoniacal. 


PAX.l.ABAPrZXiAM[ZirS. 

P AX.X.AB£TMYX.AIIKZlirZ3. ( 


See PALLADIUM-BA.SE.g, Oroan-ic. 


PAZiXtABZITXIC. Atomic weight 126. Sginhol Pd. — A metal of the platinum 
group, discovered by Wollaston in 1803 (Phil. Trans. 1804, p. 419). The oxide 
and many of the other compounds were discovered and investigated by Berzelius 
(Pogg. Ann. xiii, 454). 

Occurrence . — 1, Single grains of pure palladium, sometimes of octahedral form, are 
mixed with the grains of p)liitinum from Brazil. Native palladium mixed with gold 
and .srdenide of lead is also found at Tilkerode in the llartz. — 2. Palladium occurs in 
the platinum ore of South America (amounting to 1 pt. in 200 of the Peruvian ore), from 
8t. Domingo, and from tlie Ural. — 3. It occurs, alloyed with gohl, in an auriferous 
K;inrl from /iJicotinga and Condoiiga in Brazil, mixed with specular iron ore : the pal- 
ladium in this ore amounts to 5 or 6 per cenb Also alloyed with gold and silver in 
the Oro jpudre of Porpez in South America: this mineral contains 10 per cent, of 
palladium. 

Extraction. 1. From platinum ore. — Tho ore is digested in nitromuriatic acid ; the 
acid solution decanted from the insoluble residue is neutralised; the platinum is pre- 
cipitated by sal-ammoniac ; and tho palladium is thrown down from the filtrate by 
cyanide of mercury as a white flocculent cyanide which yields metallic palladium by 
Calcination. (See further GmelhCs liandhook^ vi. 256, 267, 261, 264, 267.) 

2. From the pedladiferous gold of Brazil. The gold-dust is fused "with an equal 
^’cight of silver and a certain quantity of nitre, whereby tho earthy matters and the 
f^eater part of the base metals are removed in tho form of slag ; the alloy is then cast 
in the form of bars ; the latter again fused in a black lead crucible, stirring constantly 
With an equal yreight of silver, so that tho gold arnouuts to about one-fourth of the 
whole mixture. The alloy is then very finely granulated by pouring it through an iron 
sieve into water; the granules are heated in a porcidain basin with an equal quantity 
01 nitric acid and an equal quantity of water, as long as any action goes on ; the liquid 
is decanted; and the residual gold is boiled for two hours with a quantity of pure nitric 
acid equal to two-thirds of the granules used, after which it is washed with hot water, 
^ned, and fused into a button. From the resulting iiiLnc acid solutions, the silver is 
precipitated by common salt. The remaining liquid being transferred to wooden vessels, 
0 palladium and copper are precipitated by zinc ; the black powder is dissolved in 
nitric acid; tho solution supersaturated with ammonia, which generally leaves undissolved 
a small quantity of platinum, ihm, and lead ; and the filtrate containing the palladium 
ana copper is yeiy slightly supersaturated with hydrochloric acid, whereby the greater 


* And C02. 


t Manganous oxide. 
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part of the palladium is precipitated in the form of yellow ammonio-protochlori 1 
which is then washed with cold water and converted into pure palladium by iguj^j * 
The remainder of the palladium a,nd the whole of the copper may be precipitat^ 
the hydrochloric acid solution by iron. (Johnson, J. pr. Chem. xi. 309. — -Cock VW' 
Mag. [3] zxiii. 16 ; also Ann. Ch. Pharin. zlix. 236.) * 

Properties . — Palladium is a white metal intermediate in colour and lustre betwep 
silver and platinum. As obtained by ignition from the cyanide or from chloride of nal 
ladium and ammonium, it forms a grey spongy mass. Finely divided palladia 
floating on water appears blood-red by transmitted light. Native palladium occurs i 
six-sided tables, with distinct cleavage parallel to the terminal faces ; white, with ' 
strong lustre, of almost microscopic size, and attached to laminsB of native gol! 
(Q-. Rose); also in minute octahedrons (Hai dinger). The native palladium 
Brazil exhibits a fibrous structure, and may be thereby distinguished and separatee 
from the grains of platinum with which it is mixed (Wollaston). Specific gravity o 
fused palladium, 11-04 at 18° (Cloud), 11*3 (Cock), from 11-3 to 11-8 (Wollastonl 
11*4 at 22-5° (Devillo and Debray) ; of hammered palladium, 11-8 (Cock), li-gS; 
(Lam pad i us), rather more than 12-0 (Vauquolin), 12-148 (Lowry). PalJudiun 
is about as hard as platinum ; ductile, but somewliat less so than platinum ; and niai 
be rolled out into tliin leaves. It is the most fusilde of all the metals of the platimin 
group, beginning to fuse at the strongest heat of a forge-firo, and melting i)eri‘i?Lth 
before the oxy hydrogen blowpipe. When heated on lime in Doville's furnace (p. 313 
to the molting point of iridium, it volatilises in green vapours which condense to i 
bistre-coloured dust of metal and oxide. It oxidises at a lower temperature than silver 
and is always covered on the surface with a thin film of oxide. If it be freed froir 
this coating by ignition in a reducing flame, and held while still hot in a stream ol 
mixed air and combustible gas, it continues to glow like platinum. If exposed to th( 
air in the melted state it absorbs oxygen and spits like silver; but the absorbed gas is 
not given off till just as the motal begins to solidify, so that tlie ma.ys, though verj 
dense on the surface, remains porous within. (D e v i 1 1 e and D o b r a y.) 

Palladium is very slightly attacked by concentrated hydrochloric or sulphuric acid^ 
even at the boiling heat. It dissolves in nitric add without evolution of gas, but com- 
municates a brownish-red colour to the liquid, from formation of nitrous acid. Jl 
dissolves with facility in nitroniuriatic acid. Its surface is blackened by tincture ol 
iodine, which has no effect on platinum. 

Palladium is sometimes used for making the divided scales of astronomical instru- 
ments, for which it is well adapted, being light, nearly as white as silver, and not 
blackened by sulphurous emanations. It is also used for making the smaller divisions 
of the grain or gramme. 

Palladium in most of its compounda is diatomic, as in the di-chloride Pd"CP, the 
diriodide Pd 1*,^ the protoxide Pd"0, &c. A tetrachloride occurs in certain double 
salts, and the dioxide Pd*^0'^ is known in combination with water. 


AMOYS OP. Palladiiira unites with most metals, but only a 
few of jts alloys are of any practical importance. With antimony and arsenic it 
forms brittle alloys, the combination in each case being attended with ignition. 
(Fischer.) ® ® 

Barium unites with it at the heat of the oxy hydrogen blowpipe, forming a silver- 
white alloy which ^adually oxidises on the surface. (Clarke.) 

Bqual parts of bismuth and palladium form a grey alloy having the hardness of 
steel. (Chenevix.) o j j e 

Copper and pfilladium unite without incandescence; 4 pts. copper and 1 pt pal- 
ladium form a white ductile alloy; equal weights of the two metals yield a yello^v- 
brown brittle alloy, harder than wrought iron, and when fused together before tho 
oxyhydrogen blowpipe an easily fusible alloy of pale colour, susceptible of a high 
polish, easily atta.cked by the file (Clarke). Palladium forms with copper an alloy 
fiimilar in properties and composition to that which it forms with tin (dd. inf. I 
obtained in a similar manner. (Devillo and Dobray.) ^ 

palla^iiuna forms several alloys, the combination always taking place 
without Ignition. 1 pt. palladium and 1 pt. gold form a grey alloy having the colour 
ot wrought iron, less ductile than either of the component metals, and of coarse-grained 
fracture ; 1 pt. palladium and 4 pts. gold yield a white, hard, ductile alloy; an alloy of 
1 pt. palladium and 6 pts. gold is almost white. The native alloy of palladium, goW 
and silver from Porpez contains 85*98 per cent, gold, 9-85 paUaSum, and 4*17 silver. 
(Berzelius.) ■ 

The ^loy of palla^um and iron is very brittle; but an alloy of 1 pt. palladiu 
IS well adapted for cutting instruments which require to be pi 
fcctly smooth on tho edge. (I araday andStodart.) 


Liiin 

1 *- 
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With lead, palladium forms a grey, hard, brittle alloy, having a fine-grained fracture, 
nd of specific gravity 12*0. The combustion is attended with ignition. 

* Kespecting the mercury-compounds of palladium, see iii. 888. 

^{ickel and palladium unite at the heat of the oxy hydrogen blowpipe, forming a 
higlJy lustrous, very malleable alloy. (Clarke.) 

Equal parts of platinum and palladium unite at a temperature somewhat above 
the melting point of the latter, forming a grey alloy of specific gravity 15*141, as 
hard as wrought iron, less ductile than the gold alloy. (Chen e vix.) 

An alloy of 1 pt. silver and 9 pts. palladium is used by dentists. 

An alloy of equal pts. palladium and tin is somewhat softer than wrought iron, and 
has a fine-grained texture (Chene vix). Wlmn palladium is fusi‘d at a red heat with 
six times its weight of tin, and the resulting mass is treated with hydrochloric acid, 
there remains an alloy having the composition Pd^Sn**, crystallised in slender shining 
laminm. iSimilar alloys of palladium with silver and with copper are obtained in like 
manner. (D e v i 1 1 e and 1) e b r a y ). 

Palladium dissolves in melted zi nc, but does not unite with it in definite proportions ; 
on treating the resulting alloy with hydrochloric acid, pure palladium remains undis- 
solved. (1) e V i 1 1 o and JJ e b r a y. ) 

PAljAASXUMIf BROnCZDXS OF. Palladium dissolved in a mixture of nitrio 
and hydrobromic acids, yields on evaporation a chestnut- brown mass insoluble in water, 
blit soluble in at^ueous hydrobromic acid, and forming dark brown double salts with 
tho bromides of potiissium, manganese and zinc. (Bo ns dor If, Pogg. Ann. xix. 347.) 

PAJbKABZXJM;, CARBZSfi OF. Palladium fused in a crucible filled with lamp- 
black becomes so brittle, tliat if struck with a hammer while red-hot, it falls to powder 
and gives off* a white fume, liespocting the formation of palladium-carbide in an 
ulcohol-fiame, see below. 

P,ft,T. T.A i>iTr»f, CBiBORXBES OF. The dichloridc or Palladious chloride. 
Pd"Cr“, is prepared by dissolving palladium in hydrochloric acid to which a little nitric 
acid is added, and evaporating liie solution to dryness, to expel the excess of acid. The 
compound is a mass of a dark brown colour, which becomes black when made anhydrous 
by lieat, and may be fused in a glass vessel. When heated in platinum vessels, it 
becomes contain in ated with the chloride of tluit metal. When dissolved ynth chloride 
of puLassium^ it forms a double salt, K‘‘*Pd"CP, which is soluble in cold, and considerably 
more HO in hot water, and crystallises in four-sided prisms of a dull yellow colour. 
Dicbloride of palladium also forms double salts with the chlorides of ammonium, 
sodium, and several other metals. 

The tetrachloride ovPalladic chloride, Pd'^CP, is obtained in solution when 
the dichloride is dissolved in concentrated nitroinuriatic acid, and tho solution is only 
slightly heated. Its solution is of so dark a colour as to appear black, and gives a red 
precipitate with chloride of potassium. When the solution is diluted or more strongly 
li<!Hted, chlorine gas is evolved, and dicliloride of palladium rt*produced. The double 
salt of this chloride and chloride of potassium is obtained by treating potassio-palladious 
chloride in fine powder with nitroinuriatic acid, and evaporating the supernatant liquid 
to dryne.ss. It forms a cinnabar-red powder, in which octahedral crystals can be per- 
ceived, both the palladic and palladious double chlorides being isomorphous with the 
Corresponding compounds of platinum. When treated with hot water, this double salt 
emits chlorine, and is in a great measure decomposed. 

PAXiXiADZUM, CTARZBSS OF. Palladium forms two cyanides analogous to 
the chlorides (see Cyaniuiss, ii. 260). 

PAZiXiABZiniK, BBTSCTZOir AXVB ESTIXMEATZOBT OF. 1. Beactions. 
— Nearly all palladium-corn pounds are decomposed by heal, leaving metallic palladium: 
which may bo distinguished from platinum by its solubility in nitric acid, by its roue 
tioii vidth tincture of iodine (p. 328), or by its behaviour in an alcohol-fiame. If held 
in the inner fiame of a spirit-lamp, it unites with carbon, without first being heated to 
rtidness ; and if then quickly removed from the flame, it glows vividly in the air till 
sll the carbon is burnt away and pure palladium is lett: this reaction is exhibited 
most conspicuously by finely-divided palladium which has been closely compressed: 
spongy platinum does not exhibit it at all. 

are for the most part brown or red^; their taste is astringent, 
but not metallic, 'j'lie rnctal is precipitated from the solutions of palladious salts by 
jdioa phonic ^ by svlphurous acid, by nitrite of jciotassiuia, liy all the metals which 
reduce silver, by formate of potassnun, and by atvidwl :it a boiliiig heat. Sitfphydric 
ifcid and suljyhide of ammonium throw down tho brown snlphido ot palladium, insoluble 
in the latter reagent. Jlydriodic acid and iodide of potixuaium throw down a black 
precipitate of iodide of pallaidium, visible even to the r>()0,00(*tli degree of dilution. This 
reaction serves for tho separation of iodine from bromine : lor alkaline bromides do not 
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precipitiite palladious salts. Totash or soda forms a brown precipitate of a basic salt 
soluble, with the aid of heat, in excess of the reagent. Ammonia produces no precipi^iti 
in a solution of palladious nitrate ; but from a solution of the chloride, it throws down 
a flesh-coloured precipitate of ammonio-chloride of palladium, soluble in excess of 
ammonia. The oarhmates of potassium and sodium form a brown precipitate of 
hydrated palladious oxide. Carbonate of ammonium acts like ammonia. Pfwsphaie 
of sodium, forms a brown precipitate. Ferrocyanide Kndi ferrwi/anide of potassium form 
lio precipitate, but the liquid after a while coagulates into a jelly. Cyanide of mercury 
throws down a white precipitate of cyanide of palladium. Stannous cJdoride forms a 
black precipitate which dissolves with intense green colour in hydrochloric acid. 
Ferrous sulphate precipitates palladium slowly from tho niti’ate, but not from the 
chloride. The reactions of palladium with sulphydric acid, cyanide of mercut^', and 
iodide of potassium tiiken together, serve to distinguish it from all other metals. 

Palladic salts lire very unstable, being easily reduced to palladious salts by heat, 
and by reducing agents ; hence their reactions are scarcely known. Tho dark hroinl 
solution of the tetrachloride is easily distinguished from the similarly coloured sola- 
tions of tetrachloride of platinum or iridium by its property of giving off chlorine 
when lieated and leaving tho dichloride. 

Estimation and Separation of Palladium.. — Palladium is always estimated 
in the metallic state. It is precij)itated from its solutions in the form of cyanide by a 
solution of cyanide of mercury, the liquid not containing any excess of acid. The 
precipitated cyanide is then reduced to the metallic state by calcination. 

Palladium may be separated from nearly all other metals, either by precipitation 
with cyanide of mercury or with sulphydric acid, or by the solubility ot its oxide in 
ammohia. If however tho solution contains alcohol, gold, platinum and some other 
inotals may be precipitated at the same time. Palladium cannot be separated from 
platinum by nitric acid: for an alloy of palladium with a small quantity of platinum 
is completely dissolved by that acid. 

To separate palladium from copper, with which it is associated in platinum-ore, the 
two metals are precipitated together by snlphj’dric aeicl, and the i)recipitiite, while 
still moist, is roasted, together with the platinum, as long as sulphurous anhydride 
continues to escape. The metals are thereby converted into basic sulphates, wliieh 
must be dissolved in hydrochloric acid, and the solution mixed with nitric acid and 
chloride of potassium, and ovapomted to dryness. A dark saline mass is thus 
obtained, consisting of chloride of potassium, chloride of copper and potassium, aud 
chloride of palladium and potassium; and on treating this mass with alcohol of specific 
gravity 0‘883, the two former salts are dissolved and tlie double chloride of palladium 
and potassium remains (B e rz e 1 i u s). According toBbbereiner, copper may be sepa- 
rated from palladium by reducing tlie latter metal with an alkaline formate. 

Atomic Weight of Palladium. — Berzelius (Pogg. Ann. xiii. 435) determined tho 
atomic weight of this metal in the same manner as that of iridium (iii. 321) by 
reducing potassio-palladious chloride, 2KCl.Pd"Cr'*, in a current of hydrogen. As 
this salt cannot be dried without partial decomposition, the mixture of chloride of 
potassium and metallic palladium left after the ignition was weighed, as was also the 
palladium left after dissolving out the chloride of potassium ^vith water. In one 
experiment, 0’676 grm. palladium w^ere obtained to 0’809 grm. potassium-chloride, 
in another, 0-851 grm. palladium to 1*192 potassium-chloride. If KCl = 74‘0» 
the mean of these experiments gi^^es Pd « 126 26 or nearly 126. 

PAiXiXiAlDZUllCy FJLUORXDB OS*. Pd"P^. — Formed as a brown precipitate on 
adding hydrofluoric acid to a conctmtrated solution of palladious nitrate. On evapo- 
rating to diyness, there remains a brown earthy mass, only a small portion of which is 
dissolved water. It is not altered by ignition, is sparingly soluble in hydrofluoric 
acid, and dissolves very slowly in caustic ammonia, forming a colourless liquid, which 
may be evaporated by heat, and ultimately deposits fluoride of palladium as a colour- 
less crystalline salt, which may be lieated to 100° without decomposition, but decom- 
poses at a higher temperature, leaving a grey-brown powder. 

AmTnonio-palladious fluoride is obtained as a brown radiate mass by dissolving p®!" 
ladious fluoride in boiling aqueous ammonia, and evaporating. 

Potassio-palladious fluoride is precipitated on mixing palladious nitrate with fluoride 
of TOtassium, as a' light yellow powder sparingly soluble in water. 

Sodio-paUadious fluoride is obtained in like manner and possesses similar properties- 
BAXAABZimSf X01MCD3B 03P. Pd'T*. — ^Palladium-foil turns black when an al®®* 
holic solution of iodine is evajwrated to dryness upon it ; this reaction distinguishes 
pdl^um from platinum, which remains bright when thus treated (Berzelius). 
Similarly, palladium-foil heated in iodine vapour becomes covered with colpured filnafi 
and afterwards turns brown ; the application of heat or treatment with ammoi^Sr restores 
its brightness. Iodine heated in a glass tube with flnely-divided palladiumi combines 
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. «^j.fecUy with it ; and ^ain, when palladium-foil is boiled with iodine and water, 
/nihydriodic acid and nitric acid, part of it remains unaltered. (Lassaigno.) 
ditie of palladium is obtained in the form of a black, tasteless, inodorous mass, 

. initating a palbidious salt with iodide of palladium, washing with boiling w'at^r, 
f lrviuff the black gelatinous flakt*8 for 24 hours in vacuo (Lassaigne, J. Chim. med. 
it (Mvcs otl its iodine between 800° and 360-’. Uoiling potash decomposes it 
of a black powder consisting of palladious oxide. It is insoluble in 
aholiol, ether, and hydriodic acid (thereby distinguishcul from iodide of platinum) 
i s s ii i g » compound serves for the quantitative estimation of iodine (iii. 206 ). 

0XX2>£S or. The lirotoxidc or Valladious oxide, Pd'O, 
s obtained in tl»e anhydrous state by decomposing nitrate of palladium at a moderate 
ii. -ii or In'ating a palladious salt with carbonate of potassium to commencing red- 
jl'cls’ aiui exliiiustiiig the r(‘.sidue with water. It is a dark grey or black powder, 
niiinady solubh' in acids, and is reduced to the metallic state at a bright rod heat. 
ValUidknts hydrate is obtained as a dark brown precipitate by mixing the solution 
palladious salt with excess of potassic or sodie carbonate. It gives off its water at 
a naxierale heat. It is easily soluble in acids. 

Tlie dioxide or Palladia oxide, rd'^'O^ is notkno\ni in theseparato state. From 
u solution of palladic chloride, alkalis and alkaline carbonates throw down a brown 
precipitate consisting of hydrated palladic oxide combined with the alkali. This com- 
poimd gives off liaK its oxygen at a moderate heat, and the whole at a higher tempera- 
(arc. From hot solulions, a black precipitate is obtained containing the anhydrous 
dioxide. The hydralo dissolves slowdy in acids, forming yellow solutions. In strong 
livdrocliloric acid it dissolves without decomposition, iov\\\\\\'^ 'i)otas)i}o-’iKdladic chloride 
:iii.siiig frtnn adjiiixed potash ; with dilute hydi’ochloric acid, on the contrary, it gives 
od'chloi’iiK^ 

PAIiXiADXtTIIX, SBIiEPrXBS OX“, rd"Se.~ 7 The tw'O bodies unite easily, tho 
(■iinibination bi'ing attended with evolution of lieat. The product is a grey, infusible 
compomul, which wlnm luaited in the blowpipe llame, gives off selenium, and leaves a 
gicvisli-wliito, brittle, crjstalliiie, nu.tallic bead containing selenium, (lierzeli us.) 

PAXiXiADXUM, SUX.PPZXBS OF. Pd''S.— Palladium and sulpluir heated 
togcilicr unitiN witli incandesi’cnce, forming a bluish-wdiite, metallic-shining, very 
liard coinpoiiiid, having a sliiniiig laminated fracture, and melting at tho same tempe- 
viiiiiic MS silver. By })iveipilMting a palladium-salt with sulphydric acid or an alkaline 
tMiiphide, sulphide of palladium is obtained as a black powder, Jniving a bluisli tinge 
.scnii-nietalli(! lustre. Siiljohido of palladium heated to rediK'ss in tho tiir oxidises 
vcj-y slowly, forming a basic sulidiate or oxysidphute of palladium. Heated in a 
sfrcMfM of chlorine gas, it forms chloride of sulphur and diclilorido of palladium. 

PAUASIunX-BiLSSS, AIlXlIXOSrXiVCAXi. (Van quel in, Ann. Chim. 
Ixxxviii. 167. — Fischer, iScliw, ,1. li. 192, — Ann. Ch. Pharm. Ixiv. 260. — 
I'cLliug, ibid., xxxix. 116. — Hugo Muller, ibid. Ixxxvi. 341.) — a. A moderately 
(-•oncentrMted solution of dicliloride of palladium treated wdlh a slight excess of 
auinioni;!, yields a beautiful tlesh-coloured or rose-coloured pn*cipit;ite, consisting of 
lS ll'’rd'Cb (Vauquolin, Fehling, Fi.schor). This precipitate di.ssolves in a 
Ifirger excess of ammonia; and the ainmoniat:al solution, when trt'.ited with acids, 
yi*‘ld.s li yellow precijtitate h.-iving the same composition (Fehling, Fischer). 
TliM yellow moditlcation is likewise obtained by heating the red compound in the 
lauist .state to 100-^, or in the dry state to 200°. The yiBow compound dissolves 
Jibiimlantly in aqueous potash, forming a yellow solution, but \fithout giving off am- 
lauuia, cviai when the liquid is heated to the boiling point; the red compound behaves 
in a .sitnilar manner, but, before dissolving, is converted into the yellow modification. 
l't>r this reason, Hugo Muller regards the red compound as amnumio-chloride of 
pnlladiura, 2NH*.Pd"CP, and tho yellow as chloride ofjailladammoniam, N-Il‘^Pd".CP. 
fhe yellow compound, digested with water and oxide of silver, yields the oxide of 
pdInUantinoniutn, or palladamine, N*H®Pd"0. This compound is a strong base, 
analogous to oxide of platammonium {q. v.). It is soluble in w'ater, to wliich it com- 
iiuiiiicates a strong alkaline taste and reaction. By evaporating tho solution in vacuo, 
tne base is obtained in the form of a crystalline mass, which absoi bs carbonic acid 
nipidly from the air, especially when moist. It unites with acids, forming definite 
siitts. Its solution precipitates the salts of silver and copper, and an excess of it docs 
yot redissolve the precipitates. Sulphite of palladammonium, N*iI‘*Pd"SO*, is 
lormed by saturating the solution of tho oxide with sulphurous acid, or by the action 
A u **^'^*^ yellow chlorine-compound : it crystalli.ses in orange-yellow 

octohedrons. The sulphate, N*H“Pd''.SO<, crj'stallises in a similar manner. Tho 
and bromide have also been formed. Tho jliwride is obtained by 
the chloride to a solution of fluoride of silver. (H. Muller.) 
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fi. The compound 4NH*.Pd"Cl* (called by Muller, ctdoride of pcdlad-diamine\ 
may be formulated as a chloronitride or as chloride of amTmpaUadammni^ir^ 

Pd" InICP, separates from the ammoniacal solution of chloride of palladammoaiuni 

in colourless, oblique rhombic prisms, which at 200° give off half their ammonia and 
are reduced to N'-*! PI ‘d"Cl* (Poll ling). The corresponding iodide and hrmddt are 
likewise obtained by treating the solutions of iodide and bromide of palladium oi 
palladarnmoniuni with ammonia. They both crystallise readily. The fiuoride is 
obtained by adding ammonia to tlie solution of chloride of palladammonium in fluoride 
of silver, and evaporating; it forms oblique rhombic prisms. Tho eilico^fluoride 'i^ 
obtained in crystalline scales on adding hydrofliiosilicic acid to any soluble salt of 

palladammonium. The oarztfe is obtained by decomposing the 

solution of the chloride with oxide of silver, — or better, the sulphate with hydrate of 
barium, A strongly alkaline solution is thereby formed, which, on evaporation 
leaves the hydrated oxide in the form of a crystalline mass, though not quite pure! 
The solution precipitates the salts of aluminium, iron, cobalt, nickel, and copper, but 
not those of silver; expels ammonia from chloride of ammonium, on boiling; ami 
absorbs carbonic acid from tht) air. The carbonate obtained in this manner, or by 
decomposing the chloride witli carbonate of silver, or the sulphate with carbonate of 
barium, crystallises in shining, colourless prisms, which turn yellow at a little above 
100°; the solution of this salt is strongly alkaline, and gives copious precipitates with 

IN'* 

salts of calcium, barium, copper, and silver. The sidphitCy Pd" (. obtained by direct 

(SO)" 

combination, or by the action of ammonia on sulphite of palladammonium, forms snuili 
prismatic crystals, sparingly soluble in vrator, insoluble in alcohol, and turning yellow 
at about 392°. The mlphate^ obtained by treating palladioiis sulphate with excess of 
animonia, forms small colourless prisms, easily soluble in water, but insoluble iu 
alcohol. (II u g o M u 1 1 e r. ) 


PAXiXiADXirilf-BASfiS, OAGAIfZC. (Hugo Muller, loc, ciU)^Q,. Ethyl- 
co'inpou7ids. When ethylamino is added to a solution of palladioiis chloride, a yellow 
precipitate is formed containing (C'^K'N)* Pd"Cr‘*. It dissolves in othylamine, forming 
a colourless solution, which on addition of hydrochloric acid yields a pale yellow pre- 
cipitate, afterwards becoming dark yellow and crystalline: this precipitate is meta- 
meric with the preceding, and appears to consist of chloride of palladethylam* 
(C-'H^)*) 

monium Pd" vN-CP. A solution of this yellow salt in excess of ethylamino de- 

3 

) (chp)^v4 

posits colourless prisms of the salt Pd" VN*C1* or l^d" Vp,, 

H2(CWN)*3 IP 

When the chloride of palladammonium (p. 328) is treated with aqueous ethylamipe 
it quickly becomes decolorised and dissolves on gentle heating, to a colourless liquid, 

which on cooling deposits colourless crystals of the salt Pd" In®CP or Pd" 

j H*® 3 

Muller’s chloride of pbladcthyldiamine. 

/8. Phenyl-compound . — On adding aniliuo suspended in water to a solution of 
palladious chloride, a pale yellow crystalliiu' precipitate, insoluble in excess of aniline, 
is formed, probably consisting of chloride of palladio-phenylammoniuni, 
H*(C®lP)^Pd"N'‘*.Cr-. The corresponding iodine-compound is obtained as a yellow 
crystalline powder on mixing finely divided iodide of palladium with aniline suspended 
in water. 


PABBCZC ACZB. Syn. with BicmELAiDic Acio. 

PAXiMZXr. Syn. with Eicinslaidix. 

C'“H“NO = (H. Cdrlet, Bull. Soc. Chim. 

1859, p. 175.) — This compound is obtained by heating palraitate of ethyl with alcoholic 
ammonia for twenty to twenty-five days in a sealed tube immersed iu a salt-bath, and JS 
purified by re-crystallisation from hot alcohol, and repeated washing with cold ether, p 
melts (or solidifies) at 101 ‘5°. By heating in a sealed tube with alcoholic potash, 
is resolved into pulmitij acid (solidifying at SQ'S'^) and ammonia. 
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Ti n inarqar amide which Boullay obtained by the action of ammonia on olive-oil 
prol«bly consisted chiefly of oleamide (P- 1»2). 
pAiMXTXC AOXl>. S3 H [^* ajcid» Ethalio acid, 

nrlic acid, (Chevreul, Itecherchea sur les corpa graa.'g. 59 . — urn as and Stas, 
A V Ch. Phys. [2] Ixxiii. 113. — Varrontrapp, Ann. Ch. Pharm. xxxv. 209. — 
F -emy ibid. xxx\'i. 44. — Stenhonso, iUd. xxxvi. 60. — L. Smith, ibid. xlii. 241. — 
^tlrnner and Meyer, xliii. 335.— -IT. Schwarz, lx. 69. — Heintz, see 
.f 'Vpnces already given iii. 1069. — v. Bdck,J. pr. Chem. xlix. 295. — Berth el ot, 
a/i Ch Phys. [31 xli. 216, 432; xlvii. 297. — ^Maskolyne, Chem. Soc. tin. J. viii. 1. 
_C;m.svi.350.-&orh.ii. 795.) 

Tills acid is universally distributed in t he fats of the animal and vegetable kingdoms. 
Ito(‘c'urs: a. Combined with glycerin, in large quantities, in palm-oil (Pr 6 my) ; in 
Cliiiu'se tallow, the fat of StiUitujia .<tf hifcra (M askely n e) ; in Japan wax (Stham or); 
in the wax of Mfjrica sebifera (Moores). — /8. Combined with ethal, in spermaceti 
(b Smith). — 7- In the melissin of bees- wax, aspalniitatc of melissyl, C‘“II"*(C^®IP')0'* 

(iirodie). 5. In the free state in partially decomposed fats, especially in palm-oil. 

^ Clievreul’s margaric add, which, as already observed (iii. 852), is a mixture of palmitic 
acid with 10 per cent, stearic acid, is formed in large, quantities in the saponification 
of siiermaceti, of human, jaguar, and goose-fats, and of dolplun and train oils ; in small 
(iiiaiitity, together with much stearic acid, by the saponification of butter, hog’s lard, 
I, .‘(1-suet, and mutton-suet. The other varieties of thir so-called margaric acid ^so con- 
sist of piilrtiiti<; acid more or loss pure : hence, many of the older observations relating 
to margaric acid really apply to palmitic acid. 

h'ormation. — 1. By the saponification of palmitin, spermaceti, and melLssin. — 2. By 
heating ethal (cetylic hydrate) with poUish-liine (Pumas and Stas): 

C'®IP^O + KIIO = C‘®fP‘K02 ^ 

Hydrate of Palmltate of 

cetyl. putaiisiiun. 

3. Together with acetic acid, by melting oleic acid (Varron trapp), or elaiJic acid 
(JMeycr), wdth potassie hydrate ; 

C'«II»'0- + 2KIIO = C'«ll«‘KO-^ -p C^H'KO* IP. 

Olcic acid. Falmitate of Acetate of 

potassium. potassium. 


Olcic acid appears also to bo converted into palmitic acid when fats or fatty Huhstancea 
!in' left for a long time in moist earth, (»r in other moist situations excludt*d from the 
air, the fat then becoming harder and more brittle. When castor-oil is distilled with, 
excess of alkali (iii. 144), tliere remain.s in the residue, together with sobacic acid, an oily 
acid whi(!h on standing deposits a large quantity of solid fat having the melting point 
and comjiosition of palmitic acid. 

4. 'rogethcr with ctitylenc, by the dry distillation of cetylic palinitate (cetin) 
(L. Smith); 

cnp'OfQ _ c-iP-o>y 

Cctiii. Pnlniitic acid. Cetylene. 


Preparntion. a. From Fairti-oil — Palm-oil is saponified W'ith caustic pota.sh ; the 
soap thus obtained is deconqiosed, and the separated fatty acid is jmrified hy crystal- 
lisation from alcohol (Fremy), S ten house dissolves the six or eight times cry.stal- 
lised acid in caustic potash, and precipitates it with an acid. Schwarz saponifies 
palni-(u] with caustic pot ash, dissolves, the soap in hot alcohol, allow's the solution to 
cool, and purifies the crystalline nodules which separate, by rt'peated ci’ystallisation 
from alcohol, with aid of animal charcoal. The crystals, wdum decomposed by hydro- 
chloric acid, yield palmitic acid, which must again be crystallised from alcohtd. 

From Japan Wax . — The wax is saponified by fusing it with half its weight of 
hydrate of potassium, and the soap is dissolved in w^'iter and salted out. The soda- 
soap thus formed is dissolved in warm water and allowed to cool ; it is then pressed, 
again dissolved in water, and the solution is heated to the boiling point, and decom- 
posed with chloride of calcium. The lime-.soap, after lieing waslie.d and dried, is freed 
from unsaponified wax by means of ether, and deeonijiosed by hydrochloric acid. The 
separated fatty acid is crystallised, first from alcohol, afterwards from a mixture of 
alcohol and ether, and is lastly w'ashed with cold alc.t:>hol. (iSlhamer.) 

^ 7; From Chinese Wax . — Tlie wax is sape^nified with alcoholic potash ; the alcohol 
IS distilled off, after addition of water; and the soap is decomposed with sulphuric acid. 
The separated fatty acid is then strongly pressed, and tlio press-cake is moistened with 
alcohol, and again pressed several times. The remaining mass is crystallised from hot 
alcohol until it exhibits the melting point of palmitic aehl. (Maskelyne.) 

From Coffee-bvana . — The powdered beans arc extracted with ether containing 
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water, and the ewit^r is evaporated ; the remaining yellow bitter fat is freed from the 
various acids of coffee, and from caffeine, by shaking it repeatedly with oiie-fiftl, it, 
volume of water and drawing off the aqueous layer of liquid, and is afterwards saponi. 
fiod with caustic potash. The soap is salted out, dissolved in water, and decomjJoscfJ 
by dilute sulplmric acid ; and the mixture of oleic and palmitic acids is convert. rl 
into lead-salts by boiling the acids with carbonate of sodium, dissolving the soda-soap 
in alcohol, and precipitating with neutral acetate of lead. The lead-salts are hoillU 
with alcohol, which dissolves them completely ; but on cooling and partly evaporatiiii» 
the solution, the palmitate of lead separates in the form of a white powder, whiUt 
the oleate remains in solution. The former is collected, washed with alcohol containinff 
water, and decomposed by sulphydric acid under ethcp-alcohol. The palmitic acid 
remaining behind, when the filtrate is ovaponitod, is obtained with a melting point 
of 68-d^ by fivo times repeated crystallisation, (llochleder, Ann. Ch. Plurra. 
vii. 228.) 

€. J^Vom Oleic acid, — Oleic acid is saponified by a slight excess of hydrate of po- 
tassium, with addition of a little water ; a quantity of liydrate of jxdassiurn, equal to 
twice the w'cight of tlie oleic acid is then added ; and the mixture is heated, with con- 
stant stirring, until the potash is melted, too great a heat being prevented by tli« 
occasional addition of a few drops of water, so that the mass may not blacken, but only 
assume a brown-y(*llow colour. As soon as the potash is melted, and hydrogen gas is 
evolved, tlie fire is removed, and the mass is thrown into not too large a quantity of 
water, when the soap which has been formed sex^arates and floats on the surface. The 
soax^ is removed, di.ssolved several times in water, and salted out, and afterwards rlo- 
composed by dilute liydrachlorie acid: the palmitic acid thus sex)arated is purified by 
crystallisation from alcohol. (Varrentrapp.) 

FromEthal. — Ethal, mixed with fiv(ior six parts of potash-lirno, is heated to 210^ 
— 220® (2G3® — 275®, according to Heintz), in a metal-bath for five or .six hours, or 
so long as hydrogen is evolved ; the re.sidiie is suspended in wal or ; and an excess of 
liydrochlorie acid is added, whereby the palmitic acid is separated in white flocks. 
After allowing the mixture to boil, the acid is washed, then boiled for half an hour 
with excess of liydrat(< of barium, and evaporated to dryness. The ethal remaining 
undecomiKJScd is taken up by ether ; the residue is dcconix^osed by hot hydrochloric 
acid ; and the separated acid i.s washed cund dissolved in (dlier, to remove! traeics of 
undecomx^osed barium-salt (Dumas and Stas). The x)almitic acid thus obtained 
still require.^ to be freed from stearic, myristic, and lauric acids, which are produced 
at the same time, (Heintz.) 

The fatty acids obtained by saponifying fats, or by heating them with potash -lime, 
and decomposing the soap.s (and freed from oleic acid by the method already described, 
iii. 474), admit of separation into two distinct portions — inasmuch as when they are 
dissolved in hot alcohol, a mixture of the more difficultly fusible acids containing a 
high percentage of carV)on, especially palmitic, stearic, and likewise aracliidic acid, if 
present, crystallises out on cooling ; — and by X)res.sing the crystals, moistening with 
alcohol, and again pressing, thc}^ may be obtained separately, while a smaller portion 
of the same acids, together with the more easily fusible myristic and lauric acids, re- 
mains in solution, and may be separated by methods already described (iii. 474, 
1070). 

When the fats contain no acid.s with a higher x^ercentago of carbon than pilmitic acid, 
and more especially no stearic or aracliidic acid, or only small quantities thereof, they may 
be crystallised from alcohol until the crystals molt at 02®, and are then to be examined 
as to their purity by the intstliod given at p. 1070, vol. iii. In the contrary case, the whole 
of the acids are dissolved in such a quantity of alcohol, that nothing crystallises out on 
cooling ; the solution is precipitated two or three times with a quantity of acetate of 
magnesium equal to about 7 ~;th of the fatty acids ; and the successive preci})itateii 
are separated by filtering and pressing. These prtjcipifates contain the whole of tho 
stearic acid, provided the fat does not contain too large a quantity of it, together 
with a relatively small quantity of palmitic acid. The mother-liquors, diluted with a 
large quantity of hot water, and left to cool, deposit tho palmitic acid, which is col- 
lected, examined as to its purity, and purified either by recrystallisation from alcohol, 
or by again precipitating it with small portions of acetate of magnesium (Heint*) 
In' a later process Heintz precipitates the sodium-salt, instead of the alcoholic acid, 
with acetate of magnesium, in the manner above describod. 

For the older methods of preparation, whereby tho so-called maigaric^ acid was 
obtained, together with stearic and oleic acids, see QmdirCs Handbo^y xvi. 355. 

Propertiea , — Palmitic acid is a colourless solid body without taste or smell, lighted 
than water. It is insoluble in water, but dissolves abundantly in boiling alcohol oi 
ether. The solutions arc acid, and when concentrated, solidify in a mass on cooling* 
When dilute they yield the acid in tufts of slender needles. It melts at 62°, 
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•nlidiSes oa cooling in a mass of shining nacreous laminsc. According to Frdmy, 
palmitic acid which haa been heated to 250®, crystallises from alcohol in small very 

{lard crystals. 

Palmitic acid may be melted together with lauric and myristic adds. In certain 
oroportioBS the mixtures are not separable by crystallisation from alcohol or ether : 
they exhibit the following characters on melting and solidifying (Heintz): 


A mixture of— 

Melts at 

Mode of solidifying. 

Palmitic acid. 

LaufIc acid. 

10 

90 

41-50 

Uncrystallised. 

20 

80 

871° 

Finely crystallised, indistinct. 

80 

70 

38*3° 

Small-leaved, crystalline. 

40 

60 

40-10 

Splendid large laminae. 

60 

59 

47*00 

Opaque, scarcely crystalline. 

60 

40 

51-20 

Granuhir; distinctly scaly. 

70 

30 

54-50 

More distinctly scaly. 

80 

20 

57*4° 

Still more distinctly scaly. 

90 

10 

59-80 

Crystalline scales. 


A mixture of— 

1 


Solidifies 

Mode of solidifying. 

Piiltnitic acid. 

Myristic acid. 


at 

95 

5 

61-10 

58° 

Crystalline scales. 

90 

10 

60-1° 

65o° 

M >» 

80 

20 

0 

00 

53*5° 

Scales with slight admixture of 
nf^edles. 

70 

30 

54-90 

51-3° 

Very delicato needles. 

60 

40 

51-5° 

49-5° 

Uneven, uncrystallised. 

'50 

50 

47-8° 

45-3° 

Large laminrc. 

40 

60 

470 

43-7^ 

Tiidistinctly lamellar. 

35 

65 

46-5° 

44° 

Uncrystallised, opaque. 

32'5 

67*5 

46-2° 


30 

70 

46-2° 

43 - 7 ° 


20 

80 

49-5° 

41-3° 

UncrystaUised. 

10 

90 

51-8° 

45-3° 

Long needles. 


A mixture of 30 per cent, myristic and 70 per cent, lauric acid melts at 35*lo ; 
and when to 20 parts of this mixture, from 1 to 100 parts palmitic acid are added, the 
melting-points of the resulting mixtures are altered, according to Ileintz, as follows: — 
On addition of, 


Palmitic 

acid. 

1 part 

2 .. 

8 „ 

< „ 

6 .. 


The melting 
point is— 

33-9® 

33-1® 

32-2° 

32- 7° 

33- 7® 


Palmitic 

acid. 

6 parts 

7 „ 

8 „ 

9 » 

10 


The melting 
point is— 

34- 6° 

35- 3° 
36° 

37 - 3 ° 

38- 8° 


The mixtures with 9 and 10 parts palmitic acid solidify in delicate needles, the 
others uncrystaUised. (Heintz.) 

Acm^ mode of solidifying of mixtures of palmitic and stearic acids, see Stearic 


The composition of palmitic acid is as follows : 



Cfdculation, 

Frcmy. Stenhouse. Schwarz. 

Sthamer. 

Varren- 

Brodie. 

Heintz. 

H32 

02 

192 

32 

32 

75-0 

12-5 

74-3 

12- 4 

13- 3 

74‘.'>4 74-9 

12-48 12-5 

12-98 12-6 

74-43 

12- 55 

13- 02 

*7?4l’ 

12-20 

13-33 

74-97 

12-46 

12- .’>7 

74-89 

12-51 

12-00 

74-88 

12-00 

12-.)2 


2&6 

ioo^ 

100-0 

100-00 lOO'O 

100-00 

100-00 

100-00 

100-00 

100-00 


Palmitic acid heated in a dish boils and evaporates without residue (Dumas and 
“ On distillation it passes over almost entirely unchanged, giving olf only a 
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little oil (Fr^my), and leaving a slightly coloured residue, which melts at 72® and 
probably consists of palmitone (Maskelyne); the molting point of the distillate i# 
lowered from 58® to 57®, and the percentage of carbon somewhat increased (Schwarz) 
but after recrysbillisation, tho acid remains unaltered. (F r6my.) " 

When gently heated in contact with the air, it is but slightly altered, but at hicher 
temperatures it takes fire and burns with a bright smoky flame like other fats, h 
absorbs ozone but slowly, even in presence of an alkali, much of the acid remaining nn. 
altered even after exposure for several weeks to ozonised air. Carbonic acid is formed 
by the oxidation, but no other acid. (Gorup-Besanez. Ann. Ch. Pharm. exxv. 21.^ ) 

Palmitic acid is not attacked by cJilorine at ordinary temperatures, but at 100® 
hydrochloric is evolved and oily substitution-products are formed. — Distilled with lime 
either anhydrous or hydrated, it yields palmitone and carbonate of calcium. (Piria 
Maskelyne.) 

2C>«1P*0* = + CO» + H*0 

It is not altered by heating to 275® with potash-lime in a closed vessel ; if air be ad- 
mitted, a little butyric acid is formed, with separation of charcoal, but the greater part 
of the palmitic acid remains unaltered (Heintz). Wlien palmitic acid is heated to 
low redness with excess of pottish-limo, gaseous and liquid olefines are produced. 

- (Cahours, Compt. rend. xxxi. 142.) 

Palmitic acid heated with alcohols form compound fjthers. 

Palm i tat es. Tho fonnula of the nenfrul palmitatcs is (or perhaps, 

C*“H*-M‘'0^) for monatomic, and for diatomic metals. The alkali-metals 

also form acid palrnitates analogous to the acid acetates, butyrates, &c., having tlio 
composition or rjither tlic acids of the series C"H*"0“ 

being most probably dibasic. The neutral palrnitates of potassium and sodium are 
soluble in water and in alcohol ; all tho rest are insoluble. The insoluble neutral 
palrnitates are obtained by j)recipitating the solutions of the corresponding metallic salts 
with an alcoholic solution of palmitatc of potassium or sodium. 

An acid palmitate of ammonium, probably is deposited from solutions 

of palmitic acid even in a large excess of ammonia ; it is insoluble in cold water. (F r 6 my.) 

Potassium-salts. The neutral salt, obtained by melting palmitic 

acid with carbonate of potassium and exhausting with boiling alcohol, crystallises from 
the alcoholic solution in white pearly scales, fusible without decomposition or loss of 
weight. It dissolves in a small quantity of water, but is decomposed by a largo 
quantity; perfectly soluble in alcohol, insoluble in ether. — The acid salt, is 

precipitated on mixing a solution of 1 pt. of tho neutral salt in 20 pts. boiling waiiT 
with 1000 pts. cold water. By dis.solving the dried precipitate in boiling alcohol, and 
leaving the solution to cool, the acid salt is obtained in small p>early scales. Witer 
added to tho alcoholic solution j.)rccipitatps a more highly acid salt (Chevreul). 
Schwarz, by saponifying palm-oil with potash, and crystallising the soap from alcohol, 
obtained an acid potassic palmitate in nodules which melted at 100®. 

^ Sodium-salts. The neutral salt, C*®H^*NaO", prepared like myristate of sodium 
(iii. 1072), forms broad pearly laminae more easily decomposed by water than tho 
potassium-salt (Dumas and Stas). According to Heintz, it separates from alcoholic 
solution in the form of a jelly, which, on standing wifti u sufficient quantity of alcohol, 
changes to colourless laminae. The acid salt, obtained by dissolving the 

neutral s^t in 1500 pts. hot water and leaving the solution to cool, is white, tasteless, 
more fusible than the neutral salt, insoluble in water, easily soluble in hot alcohol. 
(Chevreul.) ^ 

The barium- salt, C®*H**Ba"0^, is a white, pearly, crystalline powder, which decom- 
poses before melting. The magnesium- salt, is a snow-white, loose 

crystalline precipitate, which dissolves in boiling alcohol, and crystallises almost com* 
pletely on cooling, in microscopic rectangular laminae. 

The copper-salt, C^H®*Cu”0^ is a pale green-blue, very loose powder, composed 
of microscopic laminae. It melts, when heated, to a green liquid which rapidly deconi* 
poses. The lead-salt, C*‘*H“*Pb"0'*, forms snow-white microscopic scales, which 
melt at 108® (Maskelyne), between 110® and 112® (Heintz), and solidify to a white 
opaque amorphous mass. By heating this salt or the acid with basic acetate of lend, 
basic palrnitates of lead are obtained. The silver-salt, C*®H**AgO^ is thrown do^'Tt 
from cold solutions as a somewhat gelatinous precipitate, which is blackened by light in 
the moist, but not in the dry state (Varreiitrapp). It appears amorphous even 
^ben highl;^ magnified (Heintz). It dissolves slightly in water (Varrentrapp)- 
From a solution in warm aqueous ammonia it separates in indistinct scales. ( v. B o r c k ) 

VAXiMXTXC BTRXmS. a. Containing the alcoholic-radicles 

ylic Palmitate, « C‘®H«(CH»)0*, obtained by heating palmiUc acid with 
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motlivlie alcohol in a sealed tube to 200 ° — 260 °, forms ciystaU ■which molt at 28 ° and 
wlidifyat22° (Berthelot) 

fj hylic ralmitate. Palmitic or Kthalic = C*®IPVC*IP)(>’ is 

cldainccl by passing hy^chlorie acid gas into n saturated alcoholic solution ’ of 
palmitic attid (Frerny, Heintz); also by heating palmitic acid -with othylie alcohol 
,0 200"- 250° or ■with ethyhc cthorto 360° (Berthclot). It ciystallises in prisms, 
melts at 21 '2°, and solidifies m ^a foliated mass on cooling. When crystallised from an 
alcoholic solution at 5° to 10°, it forms long flattened needles 

‘ AmyUcValmitaUX^'Wy^ = C-n»'(C‘HH)0*, is obtained by similar processes ; 
also when palmitm is boiled with amylic alcohol containing amylatc of sodium (Duffy 
Clicm. Soc. Qu. J. V. 314). It is soft, non-crystalline, and melts at 9° (Bcrthelot) • 
atl3-5°. (Duffy.) 

CetylicValmitate.C^W^O-^ = C«H«(C">H»>)0=, constitutes the principal part 
of the solid portion {cctm) of spermaceti. x r 

Myricylic Palmitate, = C>»H»'(C“II»>)0=, is contained in considerable 

quantity in the portion of boos-wax which is insoluble in boiling alcohol (see JVIyiucin 
iii. 1069). ' 

3. Palmitates of Glyceryl or Palmitins. Palmitic acid forms threo 
compounds with glycerin : 

Monopalmitiny C*®1P*0^ = obtained by heating a mixture of 

glycerin and palmitic acid to 200° for 24 hours. It forms radiating colourless prisms, 
melts at 58°, and distils in the barometric vacuum without alteration. Heated in con- 
tiift with tlie air, it yields acrolein. It dissolves readily in ether. It is saponified by 
oxide of load, yielding glycerin and palmitic acid. 

Dipalmiiinf C**H“*0* « II(C*®1P'0)^| produced by heated palmitic acid 

and glycerin together to 100° for 1 4 hours. It forms colourless taldcs or needles, which 
melt at 50°, yield acrolein when heated in the air, and burn without residue. It is 
rapidly saponified by oxide of lead at 100°. * 

I'ripalmiiinf a=! obtained by heating a mixture of 

1 pt. monopalmitin and 10 pts. palmitic acid to 250° for 28 hours. It is solid, melts at 
60°, solidifies at 46°, and is saponified by oxide of lead. 

I^atural palmitin^ occurring in the fats which yield palmitic (or margaric) acid, 
ty saponification, is isomeric, if not identical, with tripalmitin. It is crystallisable, 
sparingly soluble in alcohol, and dissolves in all proportions in ether. According to 
l)\xuy {Inc, cit.\ it exhibits three distinct melting points, viz. 46° 61*7° and 62-8°, 
l ormsponding to three different i)hysical modifications (see Glycerides, ii. 879). It 
solidifies at 45 ■6°. 

Pnlmitin exists in palm-oil, Japan wax (Sthamer), human fat (Heintz), and 
f 0 ce-berries (It o c h 1 o d e r). It is extracted from palm-oil by pressure, and the residue 
IS washed with boiling alcohol, and crystallised several times from ether. 

7- Palmitate of IVIannityl. Dipalmito-mannitan, Mannite mono-palmitiaue 

» (C‘®IH‘0)*lo*. To prepare this compound, palmitic acid is heated with 

mannite in a sealed tube to 120° for 15 to 29 hours, and tho fixtty layer which floats on 
le surtaee and solidifies on cooling, is melted in a water-bath, mixed with a little 
er and with excess of slaked lime, heated for 10 minutes to 100°, and then ex- 
rcflH ^ ether. If the product obtained by evaporating the ethereal solution 
ens litmus, in must be once more treated with ether and lime, 
inn* solid, white, neutral inas.s, resembling palmitin, and separat- 

1 'nicroscopic cry.stals. It melts to a wax when heated on platinura- 
volatilises almo.st undecomposed, charring only towards tlie end ; tho re.sidue 
s away. Water, at 240°, decomposes it in a few hours into mannitan and palmitic 
bnsoluble in water, soluble in ether. (Bert helot, Ann. Ch. Phys. [3] xlvii. 

See Palmitates of Glyceryl (p. 334). 

140^******^*^*' ^**^**^ “* (Piria, Compt. rend.xxxiY. 

. » Maskelyne, Chem. Soc. Qu. J. viii. 1.) — The acetone or ketone of palmitic 
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the product is purified by repeated crystallisation from boiling alcohol. It forms small 
white, pearly scales or laminae ; melte at 84°, and solidifies at 80° to a highly elect, ' 
mass (Maskelyne). It dissolves in alcohol^ with greater facility as the alcohol'*^ 
stronger (Piri a). Easily soluble in (Maskelyne.) 

It resists the action of nitric acid and of potasMey^ but is attacked and blackened b 
ac/rf (Maskelyne). It does not unite with acid mlphitea of alkali 
metals, (Limpricht, Ann. Pharm. xciv. 246.) 

PA&lMCXTOXrxC ACX1>. An acid of doubtful composition, said by Schwarz 
(Ann. Ch. Pharm. lx. 58) to be produced when palmitic acid is kept in a state of fusion 
for a long time in contact with the air. Schwarz supposes that under those circum- 
stances a poitioii of tho carbon and hydrogen of the palmitic acid is removed by 
oxidation, and an acid is left having tho composition or (Por a 

description of this supposed acid and its salts, see Ilandwdrterbuch d. Oiem, vi. 36.) 

PAlLXUXTYXi. 0 . — Tbe^ hypothetical radielo of palmitic acid and its de- 

rivatives. The same term is sometimes, but improperly applied to cetyl, C'®H® 

PA&HK-OZX^ or PAXiM-BUTTSR. This fat, whicli in tho fresh state consists 
mainly of tripalmitin with a small quantity of olein, is obtained from the fruit ofeortaiu 
kinds of palm, Cocos hiityraci a according to some authorities, Avoira dais according to 
others ; it is imported from Cayenne and the coast of Guinea. It has tho consistence 
of butler, an orange colour, and an odour somewhat like that of violets. The fresh oil 
melts at 27°, but as it gets stale, the melting point rises to 31° and even to 36^, in 
consequrnce of tho resolution of the ntuitral fats into glycerin and fatty acids. OIJ 
palm-oil usually contains a considerablo quantity of free palmitic acid, tho decom- 
position being induced, according to Pelouze and Boudet, by the presence of u 
peculiar ferment. It gives off acid vapours when lieated to 140° and above, and at 
300° it boils, emitting the odour of acrolein, and yielding a distillate of fatty acids 
(Pohl). It dissolves in strong sulphuric acid, and tho solution on standing deposits 
palmitic acid (Fr^my). It dissolves slowly and incompletely in cold alcohol, hut 
mixes in all proportions with ether; dissolves in oil of turpentiiio and oil of almoiKh, 
with separation of fiocculent matters. (Guibourt, J. Chim. mdd. i. 177. — Henry 
J. Pharm. li. 241.) 

Palm-oil is extensively used in the manufacture of soap and candles, also, mixed 
with tallow and a certain portion of caustic soda, for making railway grease {see 
Bichardson and Watts's Chemical Technoloyy, vol. i. pt. 3, p. 742). For tholaitcr 
purpose the crude yellow oil is used, but for soap and candle making the colour must 
be removed. Tho bleaching may be effected by various pi‘oeesHe.s, viz. : by the action 
of chloride of lime, of oxygen derived frtjiu peii>xido of manganese and sulphuric acid, 
or from bichromate of potash and siilf>hurie acid ; — by beating tho oil in a close vctnicl 
to 110° C. (230° F.) by means of high-pre.ssure steam ; or to 100° C. (212° F.)m open 
vessels, so that it may ho exposed to the action of air and light. Tliis last is the mo.st 
economical of all methods of bleaching palm-oil, and has almost entirely superseded the 
others. It is carried out as follows : 

Several very large square or flat boxes or cisterns arc prepared, either constructed 
simply of wood, or bolter, lined with lead. These boxes, which are twelve inches deep, 
and are furnislied at the bottom with a serpentine leaden tube in connection with <4 
steam-boiler, must bo so situated as to admit of the froo acce.ss of air and light. Aficr 
they have been filled up to the height of eight inches wit h water, palm-oil is introduced 
in sufficient quantity to form a layer twm inches deep after being melted by 
admission of the steam, the current of which must be regulated so us to afford a 
uniform temperature of 100°. At the expiration of ten or fifteen hours, the colour is 
destroyed, the length of time required depending x'cry much on tlie power of the suii s 
rays. Palm-oil might perhaps be advantageously bleached by the tropical suu of 
Africa, before its importation into Europe. The bleaching may also be accelerated by 
blowing air through thc^ melted oil. The method of bleaching with chromate of potas- 
sium and sulphuric acid is more expeditious than that just described, but it is uls® 
much more expensive. The oil, even after being subjected to the most effective pro- 
cess of bleaching, still retains a slight yellowish hue, but this colour is no longer per- 
ceptible in the soap made from it. (For fimther details see Chenvical Technology^ 
pt. 2, p. 410 ; also, lire's Dictionary of Arts, &c., p. iii. 290.) 

PAXilMT-SITOARa The juice of various kinds of palm yields a saccharm® 
from^ which cane-sugar may be extracted. In Java, a black very hygrosewio sogai is 
obtained from the juice of Are?iga sacckarifera and of Saguertts Bumphii. ® 

(Compt. rend. xlvi. 1276) has extracted cane-sugar from the latter. The 
Ingar or I^ntar sugar of India is prepared from the flower-stalks of Borassttsfie^ll’y^^ * 
it is likewise hygroscopic, and is said to be purgative wlien taken in large quantity* 
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^A X.wi »VirA!Xm Cera de Palma , — This wax is the produce of Ccroxylon andicola^ 
i) 0 <’ies of palm indigenous in the tropical regions of America. The entire stem of 
fi " tree, which is two feet thick and fifty feet high, is covered with a layer of wax ; 

is removed by scraping, and purified with hot water, in which it dpes not melt, 
hut collects in a soft state on the surface. It is mixed with a little tallow to render it 
h^ss brittle, and formed into balls, in which state it is sent into commerce ; it is used in 
South America for making candles. 

*' wax uuniixed with tallow is dark yellow, sonu'what translucent, and has a 
conchoidal fractui*e. It becomes strongly electric by friction, melts at a temperature 
suiDowhat above the boiling point of wat«r, and takes fire at a somewhat higher tera- 
ix rature burning wilh a bright smoky fiamo. It dissolves gradually but completely 
m caustic alkalis. It is likewise soluble in ether, and the solution when left to ovapo- 
deposits tlio wax in crystals resembling cfirbonate of sodium. Hot alcohol resolves 
it into two distinct substances, a true wax and a resin. The former separates as a 
jt lly from the cooling alcoholic solution, and may be freed from adhering resin by re- 
peated solution in alcohol. It then melts below the boiling point of water, and closely 
n seriibles bees-wax in colour, and also in composition, as seen by the following com- 


parison : 


Palm- Wax, 


lioussingault. 

I.ewy. 

Bees~wax. 

81-8 

81*6 

80*73 

81*8 

12*5 

13*3 

13*30 

12*8 

5*7 

5*1 

6*97 

6*4 

100*0 

100*0 

100*00 

100*0 


The rosin, called ceroxylin, is obtained by evaporating the alcoholic liquor from 
which tlie jelly has beem deposited, first to two-thirds, whereupon a little more wax 
Bcpanites from it, tlien to one-fourth, when the resin separates as a shining crystalline 
mass coutaiiiing 83'4 per cent, carbon, 11*5 hydrogen, and 6*1 oxygen, agreeing with 
tljc formula which is also that of elemi-resin. Its melting point is above 

100°. In the fu.sed state it has the colour of amber, and splits in all directions as it 
cools. It is soluble in cither and in volatile oils. 

Wax is likewise obtained from some other species of palm. The loaves of the 
Caniauba palm {Cor^/jfka cerijvra\ a native of northern Brazil, arc^ coated with a thin 
layer of wax, which pecds off as they dry. It is very brittle, easily pulverised, melts 
at S3'5°, dis.solves in boiling alcohol and ether, and separates as a crystalline mass on 
cooling. Lewy found in it 80’4 per cent, carbon, 131 hydrogem, and 6‘5 oxygen. 
According to Teschemticher, considerable quantities of palm-leaves, probabW of 
tlic dwarf palm {Chanif/irops htimUis\ are imported into the United States from Cuba 
and the otlier West Indian islands, for the use of hatters. Tlicse leaves are also coated 
with a thin layer of wax. Toschemacher obtained from a single leaf, by scraping with 
the finger, 90 grains of wliite pulverulent wax, and by exhaustion witli alcohol, 300 
grains more of a somewhat grey colour. This wax, when treated witli a small quantity 
of alcohol, is resolved into two unequally soluble constituents. 

PAXiM-WZWXS. An alcoholic beverage, prepared by fermentation of the saccha- 
rine juice of certain palms. In Amboina, the juice of Arevga sacchariftra is used for 
this j)urpose. Palm-wine is likewise; obtained from Sagics raphia, Mauriiia viniferUy 
Phmix dactylifera. Cocos micifcra^ and others. In South Ainerica an intoxicating 
drink, called Pufga or IhdciuCf is prepared from the juice of Fouroraa adorata, 
PAKABASE. Syn. with Tetuahbdbite. 

PAECBEATZe JITZCE. A clear, ropy, colourless fluid, free from special mor- 
phological constituonts, of no particular odour, with a distinctly alkaline reaction, 
fiowing from tlie pancreas into the upper part of tlie duodenum, and of great use in 
digestion. The quantity secreted during a given time varies exceedingly, and depends 
mainly on the amount of food present in the alimentary canal. The percentage of 
total solids also varies greatly (from 2 '3 — 9'9 for dogs) ; in general, the density of the 
hqmd is in inverse ratio to the rapidity with which it is secreted. Pancreatic juice 
decomposes very speedily at the ordinary temperature, and then becomes rose-coloured 
the addition of chlorine ; a reaction which is lost at a later stage of decomposition, 
’ftfip which the total solids amounted to 9*924 per cent., the salts were 

886 per cent., and consisted chiefly of chloride of sodium (*736 per cent.), sulphates 
0 sodium aud potassium, phosphates of sodium, calcium and magnesium, and carbonate 
Of calcium, with traces of iron. 

lUe greater part of the organic matter may be thrown down by alcohol as a white 
• ^ y precipitate, which, when separated by Clfei’ation and dried, is easily redissolved 
acids, tannin, &c., also produce precipitates. Tho 
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aqueous solution of the alcohol-precijiitate exhibits all the powers of the oriinnal 
cretion, and has been called Pancreatin. It is probably, however, a 
consisting principally of some protein-substance allied to casein. Cohnheimh 
separated from it a body, lacking protein characters, but converting starch into sui?- 
with great energy, and Danilewsky (Virch. Arch. xxv. 279) attempts to show tl^ 
existence of three special “ ferments.’* He makes a pancreatic infusion by rubbinc ^ 
with sand and cold water the pancreas of a dog killed six hours after a meal - 
filtering; the filtrate acts on starch, albumin, and fats. Magnesia is added in exce”^ 
and the fiuid again filtered ; the filtrate acts on starch and albumin, but not at all o 
fat. To this second filtrate is carefully added one-third its volume of collodion an* 
the mixture is well shaken, the ether being allowed to evaporate. The precipltn/ 
which is ^anular and not lumpy if the experiment has been well performed, is separate^ 
by filtration. The new filtrate acts upon starch, but not on albumin. The precipiut^ 
is washed with spirit, treated with a mixture of alcohol and ether, and filt^ed. ^ Th! 
undissulved portion is washed with ether, dissolved in water, and again filtered. Th< 
filtrate, which gives no decided protein reaction, has no action on starch ; hut, whei 
possessing a feebly alkaline reaction, readily dissolves fibrin. Pancreatic juice als( 
contains extractive matters, and some fat. Leucine, in company with tyrosine ii 
found abundantly in the substance of the gland, and has also been detected in ilu 
secretion. jjj p 

PAPilVBRXnrB. C2'•^2‘NO^ (Q. Merck [1850], Ann. Ch. Pharm. Ixvi. 125 
Ixxiii. 60.— -Anderson, ibid. xciv. 215; also Edinb. jPhil. Trans, xxi. Pt. 1.)— Ar 
alkaloid existing in opium. It may bo obtained by precipitating the aqueous litracl 
of opium with soda; treating the precipitate, which consists for the most part o; 
morphine, wiMi alcohol; evaporating the brown tincture; treating the residue with a 
dilute acid; and precipitating the filtered solution with ammonia. A brown resinous 
matter is thereby thrown down, containing a considerable quantity of papaverine; and 
on dissolving this resin in dilute hydrochloric acid, adding acetate of potassium, which 
precipitates a dark coloured rosin, washing this precipitate with water, treating it with 
boiling ether and leaving the ethereal extract to cool, papaverine separates in th€ 
crystalline form. (Merck.) 

A simpler method is to dry the resin precipitated by ammonia on the water-bath, and 
mix it with an equal wmglit of alcohol, whereby an unctuous mass is formed, which 
solidifies after a while in a crystalline magma; press this product; recrystallise it 
from alcohol ; and decolori.se it with animal charcoal. The papaverine thus obtained 
still contains narcotino, to sejjarate which it is treated with hydrochloric acid and 
crystallised, and thereupon the hydrochlorato of papaverine, being’sparingly soluble and 
easily crystallisable, separates, and the whole of tho narcotine may be extracted b}’ 
cold water. (M c r c k. ) 

Anderson prepares papaverine from the mother-liquor of the preparation of narcotine. 
(See Opium, p. 209.) 

Papaverine^ crystallises from alcohol in colourless ncicular crystals confusedly 
grouped. It is insoluble in water, sparingly soluble in ether and alcohol at ordinary 
temperatures, more readily with tlio aid of heat. The solutions blue reddened litmus 
paper. It is particularly characterised by assuming a deep blue colour when strong 
Btiiphuric acid is poured upon it. It does not appear to be poisonous; indeed it may be 
Bwallowed in considerable quantity without producing any particular effect. Its com- 
position is as follows : — 


Calculation. Merck. Anderson. 


20 C 

240 

70-79 

70-47 70-68 

70-58 

70-71 

21 H 

21 

6-20 

6-32 6-66 

6-29 

6-46 

N 

14 

4-13 

4*76 

3-96 

4-40 

4 0 

64 

18-88 




329 

100-00 





When papaverine is boiled for some time with peroxide of m/inganese, sulphuric acid 
and water, the liquid acquires a brawn colour, and after some hours deposits crystaUio® 
flakes. (Merck.) 

Nitric acid dissolves papaverine without decomposing it ; but on mixing the solution 
with excess of strong nitric acid, red vapours are evolved, the liquid acquires a deep 
red colour, and orange-coloured crystals are deposited, consisting of nitrate of 
nitropapaverine, C*‘’H“(NO«)NO\HNO», ^ ® 

Bromine-water added drop by drop to papaverine, forms a precipitate which redi®' 
solves at first, but afterwards becomes permanent: it consists of hydrobromate of 
bromopapavorine, C“®H*®BrNO^HBr. ^ 

Alcoholic tincture of iodine added to an alcQholic solution of papaverine, forniB 
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while small ^stals of an iodide of papaverine, containing ; 

• ^ the mother-liquor yields by evaporation crystals of another iodide containing 
oC 20H*‘NOM‘®. (Anderson.) 

Papaverine heiitod with four times its weight of soda-lime gives off a volatile alkali, 
obablv tritylamine or ethylamine, (Anderson.) 
f Heated with iodide of ethyl in a sealed tube it does not yield an ethylated base, but 
merely hydriodate of papaverine, and apparently alcohol or ether. (Plow.) 

Salts of Papaverine. — The hydrochloratet C?®H=*‘NO^HCl, is obtained by dissolv- 
inor the alkali in dilute hydrochloric acid, and adding an excess of acid ; it is then 
precipitated as an oU which gradually solidifies in largo hemihedral crystals belonging 

to the trimotric system. Observed combination : coP . j^oo 5 • Inclination of the 
: *1* “ 80® ; too : I>oo = 129® 20'; too : = 149® 16'. 

The chloroplatinatet 2C”H®*N01H*Cl*.Pt*^CP, is a yellow precipitate insoluble in 

water and in alcohol. 

The sulphate is uncrystallisable. The nitrate cannot ho prepared with nitric acid, 
because the least excess tends to form a substitution-compound, as above mentioned ; 
but it is obtained by precipitating nitrate of silver with the hydrochlorate. 

p /fP WiaiM' or Vtgctahle Parchmmt. — A tough substance produced by the action 
of sulphuric acid on unsized paper. (See Cellulose, i. 819.) 

(C*0=«)") 

pAJtABAXrZC J9LCX1>. C*II*N*0* =» (COy'>N’. Oxalyl-carhamideor Ox- 

H*3 

alyl-urea. CarbonyUoxamide. (Liebig and Wohler, Ann. Ch. Pharm. xxvi. 286.) 
—An acid formed : 1. By the action of oxidising agents on alloxan (i. 136) ; 

+ O = + CO» 


2. Together with alloxantin, by the spontaneous decomposition of alloxan (Baum or t, 
Pogg. Ann. cx. 93) : 

3C^H2N*0^ c C«H<N<0^ -i- + CO*. 

According to Hein tz (Pogg. Ann. cxi. 436) both the alloxantin and the parabanio 
acid suffer further decomposition, the former gradually taking up oxygon and repro^ 
duciiig alloxanic acid, wliile the latter is first converted, by assumption of water, into 
oxaluric acid, and then into oxalic acid and urea, and the urea ultimately into carbon- 
ate of ammonium. 


3. Together with guanidine, and small quantities of xanthine, urea and oxaluric acid, 
by thfi aclion of hypochlorous acid on guanine. (Strecker, ii. 961.) 

It is usually prepared by dissolving 1 pt. of uric acid in 8 pts. of warm moderately 
strcjng nitric acid, evaporating to a syrup and cooling : it then crystallises out, and 
may be purified by twice recrystallising from water. 

Parabanic acid forms thin, transparent, colourless, six-sided prisms, which have a 
very acid taste, and redden litmus paper (Liebig and Wohler). The cr^tals 
are inonoclinic, exhibiting the combination + P. — P . oP . + Poo. — Pdo .[ obPoo ]. 
Ratio of principal axis, clinodiagonal and orthodiagonal = 1 : 0*6046 : 0*4783. Angle 
of the inclined axes = 81*39'. Angle — P : ~ P (clinod.) = 120° 52'; oP : — Poo 
= 129^18'; Poo : + Poo ■» 113° 11'; oP : + Poo = 117° 42'. Cleavage easy 
parallel to [ ooPoo ]. (Schabus, Jahresb, 1864, p. 470 ; 1862, p. 359 ; see also v. Bath, 
ihid I860, p. 326.) 

Parabanic acid is easily soluble in water, and does not offloresce in the air; Wlnm 
heated to 100° it becomes reddish; at a stronger heat it melts and partly Hublimes,, 
prtly dewmposes, giving off hydrocyanic acid. Its aqueous solution is not decomposed 
by boiling. When the aqueous solution is boiled with ammonia (or other alkalis) it 
takee up water and is converted into oxaluric acid, C*H*N*0\ With anhydrous 
amnonia parahanic acid appears to form oxaluramide (p. 277) ; and when heated with 
forms phenyl-oxaluramide ; ^ + C-H’N - C*HWO«. (Laurent 

, known salt of parabanic acid is the silver-salt, C*Ag*N*0*, which is 

tamed as a white precipitate when aqueous parabanic acid is added to nitrate of 
(Liebig and Wohler). The aqueous acid mixed with nitrate of silver- 
j ammonia, yields a precipitate containing 2C*Ag*N*0*.H*0, which becomes 
wibydrous between 130° and 140° (Strecker.) 

(0*0*)") 

^^^^l-parabanioacid.Q^PPWQl* - (CO)" VN*— This is the compound 

“Liessaignes obtained by heating the base C*H'*N®0* (produced by the actiou 
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of nitrous acid on creatinine) with hydrochloric acid. It is probably also formed by 
the action of baryta on creatine at the boiling heat (ii. 102). ^ 

(C*0*)" 

Dimethyl^parahanio acid^ C^H^N^O* = (COy' 

(CIP)® 

already described as chohstrophane {\. 926), called also nitroiheme by Stenhousa 
is the final product of the action of chlorine or nitric acid upon cjiffoino (Rochleder) 
It may be produced directly from parabanic acid by heating the dry silver-salt of that 
acid with iodide of methyl to 100*^ for twenty-four hours. It crystallises from hot 
wat(!r in laminae having a silvery lustre. (Strecker, Ann. Ch. Pharrn. cxviii. 161* 
Jaiiresb. 1861, p. 628.) ’ 

( 0 = 02 )") 

Biphenyl-par ah anio acid^ C*^H*®N*0* =* (COy'[-N®. — ^Produced by treat- 

(C«H®)=) 

ing a boiling alcoholic solution of dicyanomelaniline or of melanoximido (p. 286) with 
an aqueous acid : 


Dicyaniimel- 

aoilinc. 

3H*0 

-1- 

3IIC1 

— 

CisHioN*0® + 

Diphniiyl- 
parabanic acid. 

3NH«C1 ; 

C»H1"NW + 

H‘0 

+ 

HCl 



NH«C1. 


Mclanoxiiniile. 


Piplicnyl-parahanic acid crystallises in needles, is insoluble in water, but easily sol- 
uble in alcohol and in ether. By boiling with pcjtasli it is resolved into carbonic acid, 
oxalic acid and phenylamine. (Hofmann, Proc. Koy. Soc. xi. 275.) 

Oyanamide foi-ms with 2 at. cyanogen a yellow amorphous body, ( — NIP(CN) 

-r 0*N®), analogous to dicyanomelaniline, and it might have been expected that this 
botly when heated with aqueous acids would yield parabanic acid by a reaction similar 
to the above, namely : 

+ 3IPO + HCl =» + 2NH^C1; 

but the product actually obtained is altogether different. (Hofmann.) 

P/kSjA.BExrZ£XrSor ParabenzoL (Church, Phil.Mag. [4]xiii. 415; xviii. 622.)- 
A hydrocarbon isomeric with benzene (i. 641), occurring, together with tlie latter ami its 
homologues, in liglit coal-tar oil. Winm purified by rectification it boils at 97 ’O® (ben- 
zene at 80*4^, Kopp) ; does not solidify at —20*^ (benzene solidifies at 0°) ; has a faint 
alliaceous odour, less pleasant tlian that of pure benzene. Treated with nitric acid of 
S})eeiftc gravity 1*5, it yields a nitro-compound which appears to be idtmtical with ordi- 
nary nitrobenzene; and with a mixture of strong nitric and sulphuric acids, a diriitro- 
compound, agreeing in composition ajid properties with dinitrobenzeue. Treab^d with 
4. vois. of fuming sulphuric acid, it forms a sulpho-acid isomeric but not identical witli 
sulpho-beiizolic acid, ina.smuch as its harium-salt, is obtained only as a 

gummy mass exhibiting no trace of crystallisation, insoluble in ether, very .sliglitly 
soluble in alcohol ; the copper-salt, C*-’II*®Cu"8‘0® (at 100^), is a very soluble, trails- 
lucent,, amorphous bluish mass; and the free acid separated from the salt by sulphurettfd 
^J^gen crystallises with difficulty in prisms which are but slightly deliquescent; 
wbareas the barium-salt of ordinary sulpho-bcnzolic acid crystallises in nacnioiis lam- 
inae; the copper-salt in crystals which are less soluble in water than tl^e isomeric salt, 
and become anhydrous only at 170^; and the free acid forms deliquescent crystals. 
The animmaum-salt of parasulpho-benzolic acid when subjected to distillation yields 
parabenzene with all the properties above mentioned. 

PJUtikBROXMCAXiZIlS. C‘HBr’0.^ — A. compound isomeric with bromal (i. 666), 
produced by gradually adding bromine to wood-spirit contained in a retort, tlirough a 
funnel tube reaching to the bottom of the liquid. Two layers of liquid then collect in 
rhe receiver, the uppfjr consisting of aqueous hydrobromic acid, while the lower, which 
is oily, solidifies, after washing with water and exposure to the air, to a mass of colour- 
less crystals of parabroinalide, which, when purified by pressure between paper and 
rectystallisation from strong alcohol, forms colourless rhombic prisms with four-sided 
summits. It has a specific gravity of 3*107, melts at 67°, begins to decompose at 200 
with separation of bromine and hydrobromic acid, and decomposes completely nt a 
lugher temperature, leaving a copious residue of charcoal. It is insoluble in 
soluble in strong alcohol and in cMorofortn, By dilute potash it is decomposed, hk® 
bromal, yielding bromoform and acetate of potassium. Alcoholic ammonia aets upon » 
in a similar manner, but when heated with it to 100° in a sealed tube, gives rise to * 
more complicated reaction, the liquid containing, besides formate of ammonium, the 
i*oducts of the action of alcoholic ammonia on bromoform, and a brown powder, 
ably impure cyanhydrin. (Cloez, Ann. Ch. Pharm. cxi. 178.) 


I’N** — This compound^ 
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P^j^^SKOAKOnCAXiSXC JkCZXIa See Maxbic Acid (iii. 788). 
PARACACOBVIiXC OXXBEL See Oxide op Cacodyl, under Arsenic- 

iiADici.ES, Organic (i. 407). 

PABACAJPV*®*^**- See Cajputrnb (i. 711). 

ja^ -p AnAMPHOMC ACID. Syn. with Inactive Camphoric Acid (i. 730). 
PABACABTHAHIXW. This name is given by Stein (Rep. Chim. pure, v. 
]()S: Jiihrosb. 1862, p. 600; 1863, pp. 661, 696) to a red substance allied to cartli- 
•iiiiine, produced by the action of aodhim-amalgam on rutin. It is tunujd gretm by 
•ilk.ilis and by neutral acetate of lead, the red colour being restored by aeids. Par.i- 
(Mithainin appears also to be contained in the red bark of dog-wood {Co7mus mnguinea,) 
ill rlie young bark of certain kinds of acacia, in the blackberry, in the red sterile shoots 
of Kof^iorhia cyparisaius, and in the layer of the willow-stem between the pith and 
till* b:irh. 

PABACBMITBOSE. Fr<^niy applies this name to that modiHciition of cellulose, 
wl loll does not dissolve in an iiniinoniacal solution of cupric oxide* till it has been sub- 
to tlic action of acids, alkalis, or other reagents, I’estricting t he term cellulos e 
i(, thill variety which is immediately soluble in that liquid. Rotli varieties of cellnlotfo 
arc so1ij 1>1(' in boiling potash-loy. The utricular tissue forming the medullary rays rf 
vvfKul (vuisisfs of paracellulosc. Fr^my regards these modiHcations of cellulose as 
i ,.;,sciil iall}" distiller. Pay eii, on the other hand, is of opinion tliat there is but one kind 
)f cellulose, clieniically speaking, and that the differences obs(*rved in the reactions of 
'clliilosc fruin different sources are duo to differences of aggri'gation, or to the presence 
M' inoriiJinic siilKstanccs. [Sco Frt^my, Com pt. rend, xlviii. 202, 275, 32t5, 362, 862 ; 
dix. <561; Hep. Chim. pure, i. 270, 367, 433, 602; J. Pharm. [3] xxvi. 6. — X’ayen, 
'ompt. reinl. xlviii. 319, 328, 772, 893; Rep>. Chim. piu’c, i. 269, 359, 434; also 
Juliivsb. 18u9, pp. 529, 541.] 

PARACETOES. Seo PlNACONE. 

PARACHXiOBAUBB. C^HCPO®. — A substance isomeric with chloral (i, 880), 
irudiiccd by the action of cblorine on pure anhydrous wooii-spirit in diffused day-light, 
fhe containing vessel should be cooled at first, but to complete the reaction a gentle 
iciiL i.s required, so that tlie firoduct may distil over in an atmosphere of chlorine, 
riif oily portion of the distillate is then to be mixed with an oi|uiil volume of strong 
nlpliiirie acid, and after 24 hours’ contact, distilled from oxide of lead in an atmosplicre 
)f carbonic anliydride. 

baracbloralide is a pungent-smelling liquid resembling chloral. Specifie gr«avity 
:hl()Q at 14° Boils at 182°, mid volatilises almost without residue. It is distin- 
piislicd from chloral by its insolubility in water, and its higher boiling point (chloral 
)oils at 98'G°, Kopp), With fixed alkalis and alcoholic ammonia, it reacts like 
tarabroniiilido. ((Uoez, Ann. Ch. Pharm. cxi. 178; Jahresb. 1869, p. 434.) 

PARACKXiOROBEXrZOZC ikCZB. C’^H^CIO*. Chlorodrncylic acid ( W i 1 b P a n d 
nd Heilstein, Atm, Ch. Pharm. cxxviii. 257 ; Boilstein andSchlun, ihid. cxxxiii. 
42). — An jicid isomeric with chlorobenzoic acid, produced, together with hydrochlp^t^ 
f Iiaraoxybenzainic acid, by the action of hydrochloric acid on azo-paraoxybenzaiu^ 
cld (p. 852). It is a crystalline body, which melts at 236° — 237°, and sublimes itt 
cales resembling naphthabme, at a temperature very near its melting point. Normal 
hlorobenzoic aeid, obtain(?d from benzoic acid or its derivatives, or from hippuric.or 
innamic acid (compounds capable of yielding benzoic acid), melts at 152° or 163°, and 
ublimes in needles ; chlorosalylic acid (called parachlorobenzoic acid atimge 5o5, vol 
),^prodiiced by the action of pcntachlorido of phosphoru.s on salicylic acid, melts at 
37° and forms a calcium-salt containing 2 at. water (C“H’*Ca"0*.2H‘0), whereas the 
dcium-salt of the parachlorobenzoic acid just described contains 3 at. water, like that 
I normal chlorobenzoiq acid. 

PARACXTRZC A.CX1>. Syn. with Aconitic Acid. 

^ARacoXiVMBZTB. a mineral found at Taunton, Massachusetts, in black 
rams, which melt easily before the blowpipe to a black glass, form a yellow-brown 
lass with borax, and are decomposed by sulphuric acid, with evolution of hydrofluoric 
ud and separation of a white powtler. The uiineral is said to contain iron and uranium, 
it no titanium. (Shephard, Sill. Am. J. ii. xii. 209 ; Dana's Mineralogy, ii. 601.) 

PAI^CYAMTXC ACZBa This name is applied to several brown products, of 
i<^ertiiin composition, resulting from the decoinpo.sition of eyaiioge.n or some ofit^s 
•iTipounds, in presence of water. They are partially soluble in water, and when 
'Hted give off hydrocyanic acid and ammonia, leaving a mixture of charcoal and 

iracyanogen. 
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PAftACTAXTOasiir. A brown or black substance isomeric or polymeric with 
cyanogen, which remains in small quantity when the latter is prepared by heatin^ 
cyanide of mercury (ii- 275). To obtain it pure, however, it is necessary to use perfect) v 
dry cyanide of mercury, since, if moisture is present, a certain quantity of ammonia is 
produced, and the paracyanogen is contaminated with free carbon. 

When pure paracyanogen is calcined in a gas which does not act upon it, such a? 
nitrogen or carbonic anliydride, it is completely converted into cyanogen, without 
leaving any carbonaceous residue. Paracyanogtm heated in a current of chlorine, givoa 
off a considerable quantity of white fumes having a suffocating odour, which condense 
on the cold parts of tlie apparatus in the form of a white sublimate soluble in water. 

When cyanide of silver is gently heated, it melts without decomposing; but on 
raising the temperature, cyanogen is given off, and at a certain moment, the evolution 
of gas becomes violent, and the whole mass exhibits incandescence. A light grey 
residue is then obtained, possessing the metallic lustre and amounting to 90 per cent, of 
the original salt. 'J'his residue is not pure silver, inasmuch as it still gives off cyanogen 
at a bigher temperature, and dilute nitric acid extracts silver from it, leaving a brown 
substance still containing 40 per cent, of silver. 

According to Thaulow (J. pr. Chem. xxxi. 226), cyanide of silver when heated 
gives off only half its cyanogen (1 grm. yielding from 48 to <50 cub. cent, of tlie gasl 
The residue partly amalgamates with mercury, whence it appears to be a mixture of 
metallic silver 'dxA ‘paracyanide of silver, (For further details, see GmdiirCs liandlmik 
xi. 371.) 

PARABXOXTAXiSTnr. — ^A product of the decomposition of digita- 

losin by dilute suli)huric acid (ii. 330). 

PARABXPBOSPBOirXVlIK-COlMEPOlTXrBS. See Phosphorus-b^ses. 

PABA-BXiBAOXC ACXB. Syn. with EuriOAnnio Acid. 

PABAPFXXir. The colourless, crystalline, fatty substance known by this name is 
the solid portion of the mixture of oily hydrocarbons produced, together with a variety 
of other substances, in the dry or destructive distillation of various organic bodies, and 
of bituminous minerals, at temperatures not exceeding a low red heat. It also occuisi 
as a constituent of many varieties of petroleum or mineral oil, associated with liquid 
hydrocarbons similar to, if not identical with, those contained in the tar produced 
by destructive distillation. Native paraffin in a solid state occurs also in the coal 
measures and other bituminous strata, constituting the minerals known as fossil-wax, 
hatchettin, ozocerite, &c. As a product of destructive distillation, it was di.scovor(‘d 
in 1830 by Keichenbach, who obtained it first from wood-tar; then from animal 
tar, and lastly from coal-tar made by distillation at a temperature below full red heat. 
As a constituent of petroleum it was discovered about the same time by Christison, 
who obtained it from Hangoon petroleum, and described it under the name of pctroline, 
Ettling also obtained it by di.stilling wax with lime, and in 1833 Laurent obtained 
it, together with liquid hydrocarbons, by distilling bituminous shale at a temperature 
not exceeding a low red heat. It has since been extracted abundantly both from tho 
tar obtained by distilling coal, bituminous shale, lignite, and peat, at a moderate heat, 
as well as from many varieties of petroleum or mineral oil, and its preparation now 
forms a part of one of the most t;xtensive and important branches of manufacturing 
industry. 

Tho substance known as paraffin does not po.sses8 any chemical individuality, hut is 
more probably a mixture of several hydrocarbons, just in the same manner that tho 
liquid oil generally associated with paraffin in pf3troleum, and always produced togetlier 
with it in destructive distillation below full red heat, is a mixture of several homo- 
logous hydrocarbons. (See Petroleum.) 

The paraffin of commerce, when pure, is a solid, colourless, translucent substance, 
perfectly inodorous and tasteless, somewhat resembling spermaceti. It has a density 
of about 0*870; melts at from 45° to 66° C., forming a colourless oil, which solidifi«** 
to a lamino-crystalline mass. It boils about 370°, and, when cautiously heated, vow* 
tilises without much decomposition. It does not absorb oxygen from the air at onlinary 
temperatures, does not burn easily in the mass, but from a wick it bums with a veiy 
bright flame. It is insoluble in water, soluble in 2*85 pts. of boiling akohd, but 
separates completely on cooling in snow-white needles, which are soft, friable, auu 
greasy to the touch. It is much more soluble in ether and in oils. It is but slow 
attacked by strong sulphuric acid even at temperatures above 100°, not at aU by 
nitric acid ; but, when heated for some time with strong nitric acidy it is stated w 
yield succinic acid together with a small quantity of butyric acid. (Morvns does n® 
act upon it at ordinary temperatures, but, according to BoUey (Ann. Ch. Phanp. «^* 
230), chlorinp passed into melted par^n attacks it slowly, forming a bard but easi; 
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( sihle substitution-product, which he calls cMoraffin. Altogether parafilu is a very 
*tablo and indifferent substance : hence its name (from parmn affijiis), 

® 'riie production of paraffin and of the liquid hydrocarbons —known by the names of 
mpione, photogen, paraffin oil, &c. — which accompany it in the tar or oily product of 
destructiW dikillation, was shown by Reichenbach to be a constant result of carbon- 
i<sition, or the decomposing action of heat upon jill organic substances and minerals of 
orcauic origin, such as coal, &c. (Journ. f. Ch. Phys. lx. 280). He also showed that, 
in order to obtain the largest possible amount of these products from any particular 
niateriiil, the most es.sential condition was the limitation of the temperature within 
such a degree that tlie vapour of the products resulting from carbonisation should not 
suffer further decomposition of such a natiu*e as to give rise to the production of a 
lai-ge amount of permanent gas, naphthalene, soot, &c. (Joum. f. Ch. Phys. bci. 182). 
The extreme limit of temperature to be applied in the destructive distillation of coal, 
for the purpose of obtaining paraffin and the oily products allied to it, was ascer- 
tniiied by him to be incipient redness, or a low red heat, beyond which temperature he 
showed that a secondary decompo.sition of those products of true carbonisation took 
plaee bxiii. 229). Consequently ho pointed out that the preeautions to be observed 
ill conducting destructive distillation, with the object of producing paraffin and those 
oils, consisted in raising the heat gradually, and never allowing the sides of tho r(!tort 
to Mtlaiii a red heat {ibid. Ixi. 178, Ixviii. 229). 

Tlie amount of paraffin contained in the tar produced by destructive distillation 
below a full red h«;Ht, is always very small in proportion to the liquid hydrocarbons 
mixed with it. Tlu;se latter often constitute from 70 to 80 pj^r cent, of the crude tar 
by weight, while the paraffin rarely amounts to 5 per cent., and more frequently to only 
1 or 2 ]ier cent., aeeording to th(5 material distilled. This crude tar also contains a 
pitchy oil heavier than water, together with earbolie acid and its homologues, picoline, 
and other l)Hsic oils, &c. The amounts of these several constituents, and of hydro- 
carbons contained in such tar, vary wry considerably according to the material from 
wliicli it is obtained, and determine its value for tho purpose of the refiner. Tho 
physicfil eliaracters of such tar also differ, according to the proportions of these con- 
st it uonts; soin(‘times it is quite solid— p<*at- tar — more generally it is liquid at the 
ordinary temperature, or at most thick — shale-tar, coal-tar. Its specific gravity varies 
from upwards of 0*900 to 0*810. 

The tar thus obtained from shale or coal differs essentially in every respect from tho 
tar obtained in the ordinaiy process of gas making, in which tlui coal is subjected to a 
bright red heat, though some kinds of tar from gas-works, in wdiicli the richer caunol 
coals are used, not uufreqiiently contain paraffin and probably some paraffin oil, whieli 
have escaped decomposition by reason of the abundance of volatile products given off. 
In such tar, however, thes(5 substances are always mixed with naphthalene, homologues 
of benzol, pitch, &c., so that they cannot bo conveniently separated from these latter and 
purified. (See Tab.) 

The corapositioii of paraffin from several sources is shown in tho following table : tf. 
From Boghead coal ; melting at 46*6®, and solidifying after fusion in a crystalline 
mass.— i. From the same ; melting at 62*^, solidifying in a granular mass. — c. From 
Rangoon tar; molting at 61^. — d. From peat; melting at 46*7°. — e. From Chinese wax, 
carotene (i. 836) melting at 67° or 68®.— /. From beeswax, melene (iii. 868); melting 
at 62®. 

Anderson.* Brodie.t 

l" . I I f— *■ - r - ^ 

a. b. c. d. e. /. 

Carbon 86*1 85*0 to 85-3 86*16 84*95 86-23 84*60 85*20 85*31 

Hydrogen 16*1 to 16*3 15*4 16*29 16*06 15*16 14*39 14*23 14*44 

Paraffin has been usually regarded as an olefine or mixture of olefines of high atomic 
weight; but the formula of these bodies C"H*“ requires 86*71 per cent, carbon, which is 
conside rably above that in most of the preceding analyses. The analytical results are 

fact more nearly represented by the formula of one of the higher homologues of 
inarsh-gHs, for example, requiring 86*2 per cent, carbon, which agrees exactly 

with the second of Brodie’s analyses of ceroten© or Chinese wax paraffin, and 
requiring 86*3 per cent, carbon, which agree.s with the analysis of melene or the paraffin of 
common bees- wax. Hence it is more probable that paraffin is a homologu© or mixture 
?t several homologues of marsh-gas of high atomic w’eight. This view of its constitution 
IS also in accordance with its chemical indifference, the alcoholic hydrides C'‘H**'*’* 

, ^^Jfj^^pccially characterised by the feebleness of their combining tendencies. These 
^yondes when treated with chlorine do not unite with it like the olefines, but yield * 

• Rep. Brit. Asmoc. 1846. Noticei and Abstracts, p. 4S; Jahresb. 1867 , p. 480. 

*1* Phil. Mag. [3] xxxiii. 178. 
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8ubatifutjon-procluct.s, which is likewise the case with the paraffin examined hy 
(vid. stqj.) and with Brodie’s cerotene and melene. Moreover, paraffin appears td 
closely related to the hydrocarbons 0*11*“+* in its mode of formation ; it is associated 
with these bodies in petroleum, especially in that of Pennsylvania, which has he,. r 
shown to eontjiin the whole series from marsh-gas up to solid hydrocarbons (paraffins^ 
of very high atomic weight (iii. 181) ; and in the decQmposition of coal, &c., thecon^ 
clition most favourable to the production of paraffin, namely, distillation at a compara- 
tively low temperature, is likewise that which yields tho hydrides of ethyl, amyl, 
in large.st quantity. For all these reasons it is most probable that paraffin is an 
alcoholic hydiddo or a mixture of several alcoholic hydrides of tho marsh-eas spi-in 

Cii]J2n+2# ® 

Paraffin is susceptible of several useful applications. As it bums with a bright 
flame, and is very hard when its melting point is above 45° C., it makes excellent 
candles. It is also largely used as a substitute for sulphur for dipping matches, and 
Pr. S t c n h o u 8 0 lias piatenti’d its application to woollen cloths to increase their strength 
and make them waterproof.f More extensive however are the uses of the oils produced 
simultaneously with solid paraffin by the distillation of coal, &c., at low temperatures 
and existing with it in petroleum. These oils, doubtless consisting in great part of 
members of the paraffin or marsh-gas series, differ greatly in density and boiling point 
us met with in commerce under the names of eujdone, photogen, paraffin oil, sidur oif 
&c. ; some of them hold paraffin in solution and deposit it at low temperatures. They 
are extensively used for buiming in lamps, and to some extent for lubricating 
machinery. ” 

The more volatile of these oils having a density of 0*800 to 0*830 are peculiarly well 
adapted for artificial illumination, as they consist of hytlrocarbons free from oxygen, 
and therefore produce flame rich in incandescent carbon. JTeuce with a properly 
regulated supply of air, these oils produce a more brilliant light than that obtainwl by 
tho consumption of an equal amount of animal or vegetjil oils which generally contain 
a considerable amount of oxygon. 

The least volatile of these oils which Jiave a density above 0*860 would be safer than 
many of tho fat oils in use for lubricating, inasmuch as they do not absorb oxygen, and 
consequently cannot undergo spontaneous combustion when smeared on cotton waste; 
but unfortunately tliose oils generally possess but little body, and are th(‘reforo far less 
efficient lubricant s tlian fat oils, so that they can only bo used when mixed with tho 
latter. In this way liow’ever they are very serviceable in rendering fat oils, like rape 
and cotton-seed oils, which become gummy by exposure to air, more suitable for 
u.se as lubricants than tliey would be alone. The presence of paraffin dissolved in 
these hydrocarbon oils has been erroneously stated to render them good lubricants ; but 
that is not the case, in fact the presence of paraffin is rather a disadvantage than otlur- 
wise, since the oils containing it are liable to solidity on tho journals of machinery «it 
temperatures little below 60® F. 


Preparation of paraffin. 

1. 'From wood-tar . — llcichenbach extracted paraffin from wood-tar by distilling it 
and collecting apart the denser portion of the oil which passed over towards the end of 
the operation, redistilling this and collecting tho distillate in separate fractions. On 
cooling the least volatile portion of this distillate, paraffin crystallised out in scales 
which could be separated by filtmlion and freed from adhering oil by pressure 
between folds of unsized paper. Or this portion of the distillate was shaken with six 
or eight times its bulk of alcohol (36® Beaume, 85 per cent.) whereby the liquid oil 
was dissolved and a thick mass of paraffin scales precipitated, which were collected on 
a filter-cloth, washed with alcohol until almost colourless, and then ciystalliBed from 
solution in boiling alcohol. (Journ. f. Ch. Phys. lix. 437.) 

2. brom coal-tar ^ in the production of w’hich the necessary precautions as to 
teinperal ure and gradual heating had been observed, Reichenbach extracted paraffin 
by distilling the crude coal-tar, and collecting the thick oil constituting the second 
lialf of tho distillate, apart from the more volatile thin liquid oil forming the first half 
of the distillate. By exposing this least volatile poi-tion of the coal-tar oil to a winter 
temperaturej paraffin crystallised out in laminae, and after separating a further portion 
of oil by another fractional distillation, solid paraffin was obtained by treating the thick 
honey-like portion distilling over last with alcohol as above described. To purify this 
paraffin it was agitated for a time with about twice its bulk of concentrated sulphuric 
acid at from 90® to 100® C., after which the paraffin separated on the surface as a colour- 


be conven^ntly uied'ag a generic name for the hydrocarbons of tbU 
Sf fnethyUc part^n • hydride of ethyl, ethylic paraffin j 

t Specifications, i»&2, Nos. 55 and 150. 
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, ^ liquid whioli solidifiod on cooling. This, after cr}\sta]lisation from alcohol, wm 
rniisidfTed by Keichenbach to be pure paraffin, so far as the state of chemistry at that 
time permitted him to judge (Journ. f. Ch. Phys. Ixi. 274-277, 279). A more easy 
71 ) etliod of extracting paraffin recommended by Ileiehenbach consisted in separating 
tlie llqidd oil and concentrating the paraffin as far as possible by repeated fractional 
distillation, then shaking the semi-solid mixture of oil and paraffin with from one fourth 
to one half its bulk of concentrated sulphuric acid, added in successive small portions, 
nnd (litresting this mixture at 50^ C. until paraffin separated on the surface, or else clis- 
ffiling h. (Joiirn. f. Ch. Phys. Ixi. 283-287.) 

Mamifactun of Paraffin Oil and Paraffin — Although the application of oily pro- 
ducts of destructive distillation lor lighting, lubricating and otlior purposes liad been 
{itt.t'inpted and to some extent practised long before the discovery of paraffin and 
Keiidienbach’s elucidation of the conditions essential for the production of these 
Mihstaiicos, still it \yas not until after this ptu-iod that their manufacture was prosecuted 
vlth any kind of scientific basis. Very soon after that, however, attempts were made 
to ini reduce these products into commerce, and to apply them to the purposes for which 
tlit'v were so evidently suited. Tin; ehied* desideratum was a material which was eap- 
ahle of yielding a sufficient amount of oil, &:c., to ho worked remuneratively. The 
materials wliich have chiefly been employed or tried for this purpose are the following. 

1 . BUumi nous shaU. — The fi rst step in the industrial appl ieation of P e i c h e n b a c h ' s 
results was made in 1830 by Aug., Laurent, who suggested the working of the hitu- 
miiious shale in the Autun coal-measures as a source of paraffin and oil for burning 
ill lamps. This shale yielded, when gradmdly heated to a low’ red In at, about twimty 
or t wenty-five gallons of tar or crude paraffin oil per ton, containing a small amount of 
solid paraffin. Py fractional distillation the tar was separable into light burning oil, 
thick oil for lubricating, paraffin and pitcdiy rcsiduiiin, and these sev(.‘ral products were 
purifu^dby successive treatment with sulphuric acid and caustic soda. Several w’orks 
were cstaldished in that district, and at the Paris Iiulustfial Exhibition in 1839, the 
products manufactured there by 8olligue were show'n, vii^. : 1. Crude oil or shale-tar. 
2. Volntile spirit. 3. Oil for burning in lamps. 4. Gn'ase for machinery. 5. Tar- 
greasc. C. Piraffin crystallised, and paraffin candles. 3'his manufacture, though it 
has het'U continued more or less up to the presjuit time, did not attain any great im- 
portanc(‘, partly from the want of efficient methods of purifying the oil, and of suitable 
lamps for burning it, partly also from the remote situation of Autun, and the small 
anioLint of oil W’hieli the shah.* was capable of yielding. 8mce then bil.iiminons shale 
lias been w’orked at oilier jdaccs, as for instance at Wareham in Dorsetshire; but the 
small amount of produce has always been an obstacle, esp(‘cially while richer materials, 
to lie meutioned presi-ully, w’ere worked under sjiecial advantages, and while the copious 
supply of petroleum from America continued. But now that these conditions are 
changed, bituiuinous shale yielding about the same average produce as the Autun shale 
is being worked with coiisklerable advantage in Scotland. 

2. Piirolcujiiy which generally comaiiis paraffin-oil and paraffin ready formed as con- 
stituents (jf it, was tlie first material wliich was successfully w’orkial for I lK'niaunfacture of 
liyclrocarhon oil, cliiefly for lubri(*at ing and to some extent for burning. About the ymir 
1347, I\lr. .lames Young, then of Manchester, obtained the right of working a spjring of 
dense petrol eiiin (specific gravity O’OOO) which had been discovered in a Derbyshire 
eoal mine, and lie sm^coeded in rendering it available during a period of two or tlin'C 
years. In 1854 a pabuit (No. 2,719) was granted to Mr. Warren De La Kmi lor 
the niunufimture of paraffin and other liydrocarbons from petroleum. The raw ma- 
tn’ial which he used was the Rangoon tar already de.scribed (p. 3). This substance is 
mibmitted to a curi’ent of steam in a capacious still which can also belieat cd externally, 
fnemoro volatile jiortion tlien distils over, and is afterwards separated by rectifieatioii 
m a similar apparat us into products differing in volatility. The last portions of the 
^‘sidue un^ then raised to a liigher point, while supiudieated steam is jmssed througli it.. 
IJic last portions of this S(*cond distillate are very rieh in paraffin, win eh is separated 

faraspos^sible by cooling and filtration. It is then snbmittecl to pr<'ssure, and is 
by admixture with sulphuric acid at lOO'^ C., wmsliing with soda-ley, and 
uistilljition. The heavy oils separated from the paraffin are said to be well adapted 
lor lubrication. The proportion of the several products obtainable in this manner 
from Rangoon tar lias been already given under Nai’HTHa(p. 3). This Rangoon petro- 
ouni was largtdy worked until about the year 18G0, when enormous quantities of petro- 
eumb(;gan to be imported from America, and for a time almost superseded every other 
sowce of supply (see Petkoleum). These supplies are now rapidly decreasing. 

— About 1849 an attempt was made on a large scale in Ireland to obtain 
paramn-oil and paraffin by the distillation of peat, but the yield of crude oil, not more 
nan two gallons per ton, was too small to be remunerative. Certain kinds of peat have 
owever been worked successfully on the Continent and in tlie Hebrides. At the latter 
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place as much as five to ten gallons of refined oils and paraffin were obtained from ih® 
ton of peat A serious obstacle to the working of this material is the strong dis. 
agreeable smell of the oil obtained, 

4. Lignite .— material has been largely used on the Continent for the manufuc, 
ture of paraffin-oil and paraffin. About the year 1860 works were established at Beul 
opposite Bonn on the Khine, and at Weissenfels(p. 344). The process isfully described in 
Iloirnanu’s Report on Chemical Products and Processes in the International Exhibition 
of 1862. The products obtained in the final rectification are : a. Volatile oils called pho- 
togen, and solar oils used for illuminating ; h. Paraffin ; c. A volatile spirit called benzol * 
d. Phenol or Carbolic acid obtained as a bye-product by treating the oils with caiist’ie 
soda in their purification, and neutralising the alkaline liquor with sulphuric acid. 

The liquid called “ photogen *’ is a volatile oil, which, in properly constructed lamps 
gives a light equal to that of gas, and burns voiy economically. The first quality has 
a specific gravity of 0785 to 0795, and is as clear as wafer. The second quality is 
rather yellow, and has a specific gravity of 0*805. The third quality, called “ solar oil/’ 
is yellow, has a specific gravity of 0-836, and is used for the illumination of rooms, 
streets, railway carriages, and locomotives. 

The purification of the crude paraffin, separated by refrigeration fnjm the par;tffin 
oil, is coinmouced by placing it in centrifugal machines, by which a further quantity of 
thick oil is expelled. The mass thus obtained is then cast into cakes, and subnhttdd 
to hydraulic pressure, first in the cold, afterwards with application of a gentle boat. 
The object of this last operation is to remove all liydrocarbons having a lower melting 
point than 40° C. (104° F.). For this purpose there are placed on the horizontal 
presses between each pair of paraffin cakes, hollow plates through which water of 
— 40° C. (95° — 104° F.), is made to flow. In this way the hydrocarbons in question 
are fused .and squeezed out. The pressed paraffin is then heated to 150° C. (302° F), 
cither over a fir<i or by means of steam, and the melted mass is mixed with 2 per cent, 
of strong sulphuric acid, by means of which all the hydrocarbons, not being parafliti, 
are carbonised, while the pure paraffin remains unaltered. The latter is then carefully 
washed with hot water, and mixed after cooling with the best colourless photogen, and 
introduced into iron jacket-cylinders, in which it can bo kept warm, and where it is 
filtered through animal charcoal. The paraffin is thus rendered white, and may bo 
•completely separated from photogen by treatment with slightly superheated st<'aiu. 
The paraffin thus obtained is perfectly colourless, and beautifully translucent; it melts 
at 60° C. (140° F.), and is so hard that candles made of it are said not to bend when 
exposed to a temperature of 30° 0. (86° F,). 

6. Coal . — The coal from whichReichenbacb obtained paraffin oil and paraffin was 
the kind commonly used ns fuel and capable of yielding only a small amount of tar by 
distillation at a low red heat, probably not more than ton gallons from the ton. For this 
reason alone it would have been impossible to employ such a material as a source of 
these products, especially at that time. Varieties of coal and similar minerals have 
however been discovered since then, some of which are capable of yielding as much as 
100 gallons of crude tar per ton. A mineral of this kind, somewhat approximating to coal, 
or rather intermediate between bituminous shale and what was commonly known as coal, 
occurs near Bathgate in Scotland, and was being introduced for gas-making under the 
name of Boghead gas coal or Cannel coal, just about the time when the stoppage of 
the petroleum spring above mentioned compelled Mr. Young to seek another source of 
supply for the manufacture of lubricating and burning oil. After having made many 
trials of different kinds of coal which did not yield by distillation a sufficient amount 
of oUy products to be worked advantageously, or a tar of such a character as is suitable 
for this purpose, Mr. Young fortunately became acquainted with the Boghead or Tor- 
banehill mineral in 1850, and finding it to yield by distillation an unusually large 
amount of paraffin*oil, he at once obtained a patent (No. 13,292) for a method of “treat- 
ing bituminous coals to obtain paraffin and oil containing paraffin therefrom,” which 
consisted in distilling them in an iron retort “gradually heated up to a low red heat, 
and kept at that temperature until volatile products ceased to come off. Under the 
protection of this patent he has since developed this manufacture into a highly impo^ 
tiint branch of industry. Owing to the exceptional richness of the Boghead mineral as 
a source of paraffin oil, it was for a long time impossible to compete with it by -working 
bituminous shale yielding only about twenty gallons of crude tar per ton, although that 
material was not comprised under the patent, and up to the year 1860 no other ma* 
terial was known which could be used for this purpose with the same advantage as tha 
Boghead mineral. Consequently it was the only material used until the Lceswooa 
cannel was discovered near Mold in Flintshire, a true cannel coal which yields naailf 

• The liquid known by this name is not the benzol obtained from gaB.tRr naphtha, but a 
lower hydrides homologous witli inarsh-gas or that portion of the oil which is loo volatile for burnUJg 
tamps with safety. 


PARAFFIN. 


347 

as much oil as the Boghead mineral, and which has since been largely worked for the 
production of paraffin oil and paraffin. 

^ Jn the manufacture of these products by the distillation of coal, &c., it is very im- 
portant, for the reasons above stated, to prevent the heat from rising above low redness, 
Jiiice at nigher temperatures a considerable portion of the liquid products are converted 
into permanent gas. 

The following is a list of the principal memoirs relating to paraffin and allied 
matters, arranged chronologically 

1 830. Eoichenbac h. — Preparation of paraffin by the dry distillation of wood ; its 
properties. Schw. J. lix. 436 ; Ixi. 273; Ixii. 129. 

1832. Ettling.— Formation of paraffin by the dry distillation of wax. Ann. Ch. 
Vharm. ii. 263. 

1835. Laurent.— Occurrence of paraffin in the products of the distillation of 
bituminous slialo. Ann. Ch. Phann. xvti. 273. 

1848,1850. Brodie. — Paraffin from beeswax and Chinese wax. Ann. Ch. Pharm. 
Ixvii. 210 ; Ixxvi. 156. 

1849. Bee ce.— Propjiration of paraffin by the dry distillation of peat. Times, July 28, 

1849; J>ingl.'pol. J. cxiii. 237, 317. 

1850. James Young. — Specification of patent for treating bituminous coals, to 

obtain paraffin and oil conUiiniiig p;iraffin therefrom (No. 13,292). 

1851. Kane, Su 11 i van and Gages. — The nature and products of the process of the 

destructive distillation of peat. Museum of Irish Industry; Report to 
Chief Commissioner of Woods. 

1852. Beichenbach. — Purification of crude paraffin by distillation with sulphuric 

acid. Jdhrbtwh d. Jc. k. geolog. Rf ichsanstalt, iii. No. 2, p. 36. 

1853. W. Brown.— Preparation of volatile products, especially paraffin, from coals 

and bituminous substance.s. Chem. Caz. 1853, p. 476. 

1854. Warren Do La Buc.— -Spec ifi cation of puteiifc for the manufacture of 

paraffin and hydrocarbons from p(;troleum (No. 2,719). 

1 855. W a g © n m a n n. — Manufacture of paraffin and volatile hydrocarbons from coal 

and bituminous .shale. Ding/, pol. J. cxxxvii. 36, 

1855. Angerstcin. Preparation of .similar products from inferior kinds of lignite 

or peat. Ding/, pol. J. cxxxvii. 49. 

1855, Fresenius.— Examination of certain lignites from the Westerwald, with 
re.spect to the products which they yield by dry distillation. Dingl. pol. J. 
cxxxviii. 129. 

1855, Engel bach. -Products of the di.stilla.tion of bituminous shale from Werther, 
near Bielefeld. Dingl. pol. J. cxxxviii. 380. 

1855. H. Schroder. — Products of the distillation of the bituminous shale of 
Bruchsal. Dhiql, pol. J. cxxxviii. 437. 

1855. Ka rmarsch. — Illuminating power and value of paraffin-candles. Dingl. 

pol. J. cxxxviii. 188. 

1856. H. Vo h 1. — On the products of the distillation of Rhenish h\va\o {Blatter schvfcr), 

various kinds of lignite and peat Ann. Ch. Pharm. xcvii. 9; xeviii. 181. — 
Dingl, pol. J. cxxxix. 216 ; cxl. 63. — J. pr. Chem. Ixvii. 418; Ixviii. 604.— 
Chrni. Cemtr. 1856, pp. 312, 455. 

lfi-)6. C. M iiller. — Products of the distillation of lignite from the neighbourhood of 
Aussig in Bohemia. Zeitschr. Pharm. 1866, p. 90. 

1856, P. W a g e n m a n ii. — On tlie amount of paraffin, &c., obtained from various kinds 
of peat, lignite, and shale (p. 345). Dingl. pol. J. cxxxix. 293. — On the pre- 
paration of photogen and paraffin from peat and lignite by distillation in 
furnaces. Dingl.pol.J. Chem. Centr. 1856, p. 699. — On paraffin 

and photogen in general. Dingl. pol. J. cxxxix. 302. — On the distillation of 
paraffin oil and photogen in vacuo. Dingl. pol. J. cxxxix. 43 ; Chem. Centr, 
1856, p. 97. 

1856. Bollford. — Apparatus for obtaining paraffin and mineral oil from shale and 

other bituminous substances. Repertory of Patent Lnventimis, Aug. 1856; 
Dingl, pol, J. cxxxix. 42. 

1857. Process (patented in the name of A. V. Newton) for obtaining oil adapted for 

illumination, from lignite and bituminous shale, by the first distillation. 
Repertory of Patc?it In ventioris, Jan. 1857 ; Dingl. pol. J. cxxxix. 42. 

1857. Vo hi. — On the' preparation and purification of solid and liquid distilled pro- 
ducts adapted for illumination, from mineral substances. Ann. Ch. Pharin. 
ciii. 283. — On the quantities of photogen, paraffin, &c., obtained from the 
lignite of the Rhon. Dingl, pol. J, cxliii. 363 ; from the peat of Bostockina 
in Russia, ibid, cxliy. 444 ; and from the Posidonieuschiefer of Wurteniburg, 
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iltid, cxlv. 47. — Roport on the quantities of volatile illuminating materiala ob, 
tainable from various bituminous materials, ibid. cxlv. 51. — Similar reports 
by P. Wagon man n, ibid. cxlv. 309; and C. Mil Her, ibid, cxlvi. 210. 

1857. B. Ilubnerand R Korkel. — On the quantities of light and heavy oils 
paraffin, &c., obtainable from various kinds of coal. DingL pol. *7. cxliii. I4a- 
Chem. Ctmir. 1857, p. 130. ’ 

1867. Th. Engel bach. — General view of the products of the distillation of 

mineral substances, &c., as illuminating materials, and especially the bitumin- 
ous sand of Heide in Holstein. Ann. Ch. Pharju. ciii. 1. 

1857. B. Hubiier. — On the industrial working of lignites for the preparation of 
photogcn, pjiraffin, &c. IHngl. poL cxlvi. 211, 418. 

1857. Orth. — Illuminating power of schist-oils. JHngl.pol. J, cxliv. 398. 

1858. Vo h 1. — Further communications respecting the preparation of paraflin, and the 

utilisation of tbe secondary products obtained in its manufacture. Ann. Ch. 
Pharfui. evii. 46, — In abstract, togetber with the results of previous communi- 
cations. J. pr. Chvm. Ixxv. 289 ; Rep. Ckim. app. i. 37. 

1868. C. Sprengel. L. Unger. — On the dry distillation of lignite and other 

bituminous minerals. Pingl. pol. J. cxlix. 220, 458 ; cl. 130. 

1858. Vohl. — Examination of Burmese naphtha or Rangoon tar as a raw materi.il 
for the preparation of photogen and paraffin. Dhigl. pol. J, cxlvii. 374. — J. 
Barlow. On the treatment of this mineral oil for obtaining a paruffin-liko 
substance {Iidmontin\ liquid hydrocarbons fit for illumination, &c. Comm, 
xii. 513. 

1858. Vohl. — On two illuminating materials, viz. Pinolin (a product of the distillu- 

tion of American pine-resin), and Oleone (a prodnet of the lime-salts of fatty 
acids, obtained by precipitating waste soap-liquor with chloride of calcium, 
with addition of a small quantity of quicklime). Dingl. pol. J. cxlvii. ?}04. 

1859. Hiibn er. — Further contributions to the manufacture of photogen, solar oil and 

paraffin, from lignite, Dingl. pol. J. cli. 119. 

1869. Wagenraann. — New raw materials for tlil^ preparation of photogen and 

paraffin, occurring in Scotland. Dingl. pol, J. cli. 116. 

1859. Vohl. — Examination of various bituminous materials with respect to their 
applicability to the preparation of illuminating mattvrials. Dingl, pol. J. clii. 
306, 390; cliii. 328; Ann. Ch. cix. 182; »/. pr. Chem. Ixxvii. 20o; 

Chem. Centr. 1859, pp. 386, 490, 617; Rep. Chim. ajp. i. 292. 

1859. J. E, Hess. — Amount of photogen obtained from a peat occurring in Anhalt. 

Dingl. pol. J. cliii. 380; Chim. Centr. 1860, p. 164. 

1859. C. Hasse. — On illuminating materials, &c., obtained by the distillation of 
Gallician petroleum, Dingl. 2^4. J. cli. 445 ; Rep. Chim. app. i. 292. 

1869. J. Mi tell el. — On the purification of paraffin. Rq). of Patent Inventions, April 
1869, p. 300; Dingl. pol. J. clii. 160. — Kernot. — On the same. London 
Journal of Arts, Sept. 1859, p. 160; Dingl. pul. J. cliv. 64. — C. G. Muller. 
— On the same. Dingl. pol. J, cliv. 227. 

1859. F. C. Calvert. — On the variations in the composition of coal-tar, according to 
the kind of coal from which it is obtained. Commit, rend. xlix. 262; Jahresh. 
1859, p. 742. 

1859. Antisell. — Tlie mannfucture of photogenic and hydrocarbon oils from coal 

and other bituminous .substances <*apable of supplying burning fluids. New 
York and London ; notice of the same by F. H. Storer. SUl. Am. J. [2] 
XXX, 112, 254. 

1860. L. Unger. — On the composition and occurrence of lignites, especially adapted 

for the production of tar, and on the treatment of the tar for obtaining 
paraffin, photogcn and solar oil. Dingl. pol. J. civ. 41 ; Chem. Centr. 18C0, 
p. 616. — On the qualitative and quantitative differences in the tar obtained 
from lignite, according to ite structui'c and mode of occurrence. Dingl. pol. J 
clviii. 222 ; R/p. Chim. app. iii. 240. 

1860. H. Perutz. — Hescription of the retort furnaces (for heating lignite) in the 
photogen and paraffin factory of Wilhelmshiitte near Oscherscheben. Dingh 
pol, J, dv. 66. 

1860. C. Zincken. — On the illuminating power of the products of the distillation of 
lignite, &c. Dingl. pol. J, civ. 128, 215. 

1860. Durooulin and Oo telle. — On a method of rendering heavy coal-tar oil 
adapted for illumination. Chem. Centr. 1860, 686. 

1860. W. Schmidt. — On the quantities of illuminuting oils, paraffin, &c., obtained 
from various kinds of Russian peat. Chem. Centr. 1860, p. 804. 

1860. H. Schwarz.'— On the applicability of Giillician petroleum to the preparation 
of photogcn and solar oil. Dingl, pol, J, chi. 464. 
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1861. Vohl.— On tho caus^ of the faUuro of many fectories of paraffin and photogen 
Dingl. pol. J, clii. 376. , fa 

1S61. A. Go ssn or.— On coal, petroleum and distilled oils. 8Vb. New York 
1861 D “Ij®-— £“ the preparation of mineral oila and paraffin from various 'raw ma- 
terials, CA™. 1862, pp. 252, 206, — being an extract from his work 

entitled “ Die Torfverwerthung in Europa.” 

1362. B. H. Paul.— On the working of the bituminous peatof Lews Island (Hobridesl. 

fnr the same tniTDOse. Chem. Nt-^na m\ 991 oA't ^ 


Chem, NewSf vi. 122 ; 


for the same purpose. CJie^n. N(ws, 221, 243. 

1802. A. 11 . Church. — On the oils obtained from Alhci-tite. 

Bip. Chim. app, iv. 419. 

1362. Perut7.--On the rocoveiy and utilisation of tin- ,n i,l and alkaline liquids em- 
ployed in tho purification of mineral oils. Dinyl. pol. J. clxiii. 65. 

1862. Stenhouse.— Application of paraffin to the impregnation of leather and tis- 

sues, to render them air- and water-tight. London Journal of Arts, 
ltS62, p. 154 ; Dingl, pol. J. cxlvii. 72. ^ 

1863. B. H. Paul.— Destructive distillation, considered in reforenco to modern In- 
^ dustnal Arts. Jour. Soc. Arts, xi. 470; Chem. News, vii. 282, viii. 56, 78. 

G. Then i us. — ^Examination of peat from Salzburg and lignite from Ellnbogon 
with regard to their adaptability for tho preparation of photogen and paraffin! 
Dingl. pul. J. clxix. 362, 407 ; clxx. 296, 361. 

1863. IT. Lahore. — Description of an apparatus with revolving retorts for tho di.stil- 

lation of .schists, asphal t, &e. Dingl. pol. J. clxx. 104. W. M. W i 1 1 i a m s. 

Description of reverberatory furnaces for similar purposes. Le Tcchnoloaiste, 
Juno 1863, p. 458 ; Dingl. pol. J. cbtx. 100. 

1803. Br oi te 11 lo liner. — Process fop improving heavy oils obtained frqm poat-tar 

and rendering them fit for illumination. Dingl. pol. J. cxlvii. 378 : Dull. 
Soc. Chi in. vi. 71. 

1803. A W. Hofmann. — Report on chemical products and processes in tho Inter- 
national Exhibition of 1862, pp. 138 141. 

isni. B. H. Paul. — Artificial liglit and lighting materials. Jour, Soc, Arts, xii. 
311; Jour. FranJelin Institute, 1865. 

See also the several volumes of Wagner's Jahreshericht uher die Fortschritte und 
Ldstungen der chemischen Technologic, Leipzig, 1855 — 1864. B. H. 1\ 

PARAGXiOBUXiARETXlM'. See GooBUPABrA (ii. 846). 



to Stall Is dim id t (Pogg. Ann. cxii. 441). 

PABAHEXYXiEliBrs. Syn. with )3 Ilexylcno. (See Hbxylenr, iii. 155.) 

PARAXiACTZC ACZB. Syn. with Sabcolactic Acid. (See Lactic Acid, iii. 457.) 

PARAZiBVAZZlir. See Albumin (i. 68). 

PARAXiBEBlYBB. The liquid modification of aldehyde obtained by Wei den- 
busch (see Aldfa'iiydii!, i. 109). According to Li ebon (Jahresb. 1860, p. 103), it 
IS also produced by heating aldehyde with ethylic iodide to 100° in a sealed tube. It 
ini'lts at 12°, boils at 123° — 124°, and has a vapour-density of 4*71, agreeing nearly 
with that calculated for 2 vol. from the triple formula of aldehyde, C*n*'‘*0“. It is 
probably identical with the modification of aldehyde which Geiither and Cartmell 
elitidnod by the action of sulphurous acid upon aldehyde (melting at 10°, boiling at 
1-4 ), perhaps also with Eehling’s elaldehydo. A body having tho same properties, 
e-\(.:epting that it melts at 4°, is produced by saturating aldehyde with cyanogen gas, and , 
fAMug tlie solution to itself in a scaled tube for some time at the ordinary temperature. 

^^®AZiZiBXiOSTBRIS 1H. Compounds analogous in composition and exhibiting 
equal differences of atomic volume, are called by Scheerer, paralldosteric compounds. 
IsoMOBPHiSM, iii. 432.) 

PARABOQZTE. a silicate of aluminium, calcium, and sodium, intergrown with 
lazuli, from the neighbourhood of Lake Baikal, in white four or eight-sided 
Pj'isms, harder tlian quartz, having a specific gravity of 2-665, and melting before tho 
juwpipe to a colourless glass. It contains, according to Thor eld, 44*96 per cent. 

, 26’89 alumina, 14-44 lime, 10-86 soda, l-f ‘ ~ 


p. 778). 

■ ^31), it Img game angle 
scapolite. 


01 potash (with 1*85 loss) {BamTnels- 
According toKokscharow, N. Petersb. Acad. Bull, 
angles as mejonite, and may bo regarded as a variety of 


^ARam. 


A substance isomeric with cyanamide, CII®N®, produced by the action 
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of carbonic anhydride on sodamidc. It crystallises in concentric groups of fine silb 
prisms, soluble in water and alcohol, melting at 100° when dry (cyanamide melts^ 
40®), and solidifying again in the crystalline form at about 180®. It is further di” 
tinguishod from cyanamide (ii. 188) by not forming either a yellow silver compound 
or a brown copper compound. Cyanamide changes into param when left to itself for a 
long time. (Beilstein and Geuther, Ann. Ch. Pharm. cviii. 88.) 

PABAXIXA:L1SZC ACZB. Syn. with Fumabic Acid (ii. 741). 

PABABKAXiZC ACID. Syn. with Digjlvcollic Acid. (See GlycollicAgio 
ii. 912.) 

PAXAMSCOXrXC AGZB. Syn. with Combnic Acid (i. 1103). 

PABAaKSXarZSPSBMZXrS. See Menisfebminb (iii. 880). 

PABaSiS]^^™" I Mellitic Acid, Amides op (iii. 873). 

PABAUXZDOBSM’ZOZC ACZB. Syn. with Fabaoxybenzamic Acid (p. Z52), 

PABAMOBjpHZSrB. Syn. with Thebainb. 

PABAMOBPROTrs CBTSTABS. This term was first applied by W. Stein 
and afterwards adopted byScheerer (J. pr. Chem. Ivii. 60), to designate certain 
pseudomorphs in which a change of molecular structure has taken place without alUir- 
ation of external form or chemical constitution: for example, the monoclinic crystals 
of fused sulphur, which gradually become opaque and are then found to be made up of 
crystalline particles liaving the trimotric form of sulphur crystallised from fusion at 
low temperatures (ii. 332) ; also ciystals of arragonite (trimetric) altered internally to 
calcspar (rhombohedral), and of iron pyrites (monometric) altered internally to mar- 
casite (trimetric). Scheeror also regards as paramorphs, many instances of pseudo- 
morphism in which a change of chemical composition has taken place as well as of 
molecular structure, e.p. the crystals of scapolite occurring at Snamm and Krageroe, in 
Norway, which consist of crystallo-granular masses of orthoclaso or albite, supposing 
that tliese minerals are dimorphous and sometimes crystallise in the form of scapolite. 
For a full discussion of the subject, see Scheeror’ s article Pabamobphosb in the 
Handwbrterhuch dcr CJumiie^ vi. 53 j also Jahresb. 1852, p. 302; 1853, p, 860; 1851, 

pp. 872, 888. 

FABAASirczc ACZH, An isomeric modification of mucic acid produced by 
prolonged boiling of the latter with water (iii. 1057). 

BABAMYZfElVB or Diamylene. — A polymeric modification of ainylene 

which passes over at 160®, when amylic alcohol is distilled with chloride of zinc. 

PABAXIKYXiOXffS. The name given by Gottlieb (Ann. Ch. Pharm. Ixxv. 51) 
to small grains resembling whcat-starch, which arc contained in considerable quantity 
in Euglena viridh, a species of infusorium. They are white, insoluble in water and diluto 
acids, and have the composition of starch. At 200® they are converted into a histeless 
gummy mass, soluble in water. Fuming hydrochloric acid converts them into glucose. 

PABABAPKTKAX.EXrB or AETTBEACEBB. A hydrocarbon 

discovered by Dumas and Laurent in 1832 (Ann. Ch. Phys. [2] 1. 187), further 
examined by Laurent (e5iirf. lx. 220; Ixvi. 149; Ixxii. 415), Fritzsche (Ann. Ch. 
Pharm. cix. 249), and more completely by Anderson (Ediiib. Phil. Trans, xxii. [3] 
681 ; Chem. Soc. Qu. J. xv. 44). It is produced in the dry distillation of coal, bitu- 
minous shale and wood, and is contained in the last heavy and semifluid portions of 
the tar, at first together with naphthalene, finally with chrysene. A commercial pro- 
duct of this kind, used as a luliricMitor for machinery, is yellow, soft, somewhat like 
palm-oil, and contains, besides anthracene, a small quantity of naphthalene, and a 
much less volatile empyreumatic oil. 

Preparation , — Crude commercial anthracene is distilled from an iron retort, and the 
colourless portions which pass over at the beginning are pressed to remove the oil, 
and purified by repeated crystallisation from benzene, or by sublimation. The coloured 
portions which pass over at a later stnge of the distillation, are obtained colourless by 
repeated rectification, then purified in the same manner. (Anderson.) 

Fritzsche immediately dissolves anthracene, obtained by pre.ssure and recrys- 
tallisation, in boiling benzene, together with excess of picric acid, whereby crystals of 
the picrate are obtained on cooling. From this compound anthracene may be separated 
by ammonia, and purified by recrystallisation from alcohol. 

Properties . — Anthracene forms small colourless laminae, which exhibit a silky lustre 
when immersed in alcohol, but become dull when dry. The laminae which sepvate 
from solution in benzene, are less lustrous and somewhat granular (Anderson). A®- 
thracene melts at 213® (at 180®, according to Dumas and Laurent; at about 210 , 
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according to Fritzsche) to a colourless liquid, which solidifies to a lammo-crystallino 
mass on cooling. It sublimes slowly at the heat of the water-bath, more quickly in 
thin laminae, at a stronger heat, and distils without decomposition at a still higher 
temperature (Anderson), above 300® according to Dumas and Laurent. It is 
inodorous if free from empyreumatic oil ; tasteless. Specific gravity 1-147 (Reichon- 
bach).— Vapour-density, obs. = 6*74 at 450® (Dumas and Laurent) ; calc. = 617. 

Anthracene is insoluble in water, but dissolves easily in boiling alcohol, more abun- 
dantly in ether, benzene, and volatile oils (Anderson), especially in oil of turpentme 
(Dumas and Laurent).^ It is not altered by alkalis. When it is dissolved together 
vith excess of picric acid in boiling benzene, the liquid on cooling deposits deep ruby- 
coloured crystals of picrate of anthracene, C*^H*“.C“H*(N0*)*0. This compound 
melts at about 1 7 0°, and is decomposed wholly or partially by water, alcohol, and 
ether, which dissolve out tho picric acid. (Fritz sch o.) 

Becompositmis. — 1. Anthracene dissolves in oil of vitriol, with green colour, and 
forms a conjugated acid. — 2. In contact with bromine, either liquid or gaseous, it is 
slowly converted into hexbrom anthracene. 

3. Anthracene exposed to a slow current of chlorine-gas for not too long a time, is 

converted into hydrochlorate of chloranthracone, a small qliantity of hydro- 
chloric acid gas being evolved at the same time. Exposed fora short time to a rapid cur- 
rent of chlorine, it becomes heated, and forms hydrochloric acid and c h 1 o r a n t h ra c c n e. 
When heated in chlorine gas, it absorbs a much larger quantity, gives off larger 
quantities of hydrochloric acid, and exhibits an increasing amount of chlorine, till after 
eight days, a semi-fluid product is obtained, which, by solution in ether and evapor- 
ation, is resolved into an oily and a crystallisable chlorine-compound (Anderson). 
TJic crystals are soluble in alcohol, ether and benzene ; contain 47'5 per cent. C and 
2'5(5 d, and are, perhaps, (calc. 47*39 per cent. C, 2*54 H) or perhaps a 

niixlure. Tho oil treated with alcoholic potash, yields more than one crystallisable 
substance. (Anderson.) 

4. Anthracene is but slightly attacked by cold nitric acid, but by boiling for several 
days with nitric acid of specific gravity 1*2 it is converted into oxanthraceiie. Nitric 
of specific gravity 1*4 likewise forms oxanthraceiie, but mixed with other products ; if 
fuming nitric acid be added at the same time, diiiitroxanthraccne is also produced. 
These compounds separate out on cooling, wliilst a crystallisable acid remains in the 
inotlier-liquor. This substance, Anderson’s anthracenia acid, obtained by careful 
evaporation, is easily soluble in water, and forms crystallisable compounds with ammonia 
and potash, insoluble salts with baryta and oxide of lead. (Anderson.) 

Laurent, by treating anthracene with nitric acid, obtained four nitro-compounds 
(and oxantbracone), the formulae and independent existence of which are doubtfuL 
(8ee Gindin's Handbook, xvi. 166.) 

Derivatives of Daranajyhthalme or Anthracene. 

Bromantbracenes. (Anderson, loc. cit.) — When a thin layer of pulverised 
antliraceiK! is placed, together with bromine, undijr a bell-jar, and the mass which forms 
attor a few days is pulverised and again exposed to the bromine- vapours, this treat- 
ment being repeated as long as the bromine continues to be absorbed, and the brown mass 
tlirn (liji, solved in benzene, the solution on cooling deposits lioxbroman thracen e, 
whicVi, wbt*n recrystallised from ether or from benzene, forms small, white, 
hard, apparently rhombic crystals. It is sparingly soluble in ether imd benzene; 

turns brown at 176®, and melts at 182°, with evolution of bromine. When heated with 
oil of vitriol, it melts, and gives off bromine and hydrobromic acid. It is but slightly 
attacked by nitric acid. — With dlcohlic potash it acquires a yellow colour, and forms 
bromide of potassium and bromide of dibrom anthracene. Jlr'^, which, 

when recrystallised from benzene, forms long yellow needles, liaving a fine silky lustre, 
and melting, with partial decomposition, at 238®. They are nearly insoluble in cold 
benzene, and soluble only in benzene heated above 100° ; still less soluble in alcohol 
and ether, either hot or cold. 

Chloranthracene. C‘^n®Cl. — This compound, obtained by subjecting anthracene 
to the ^tion of a rapid stream of chlorine for a short time only, forms small, hard, 
or>’^alline scales, soluble in alcohol, ether and benzene. (Anderson.) 

^ydrochloratc of Chloranthracene, C'^H’Cl.HCl.— -To obtain this compound, cold 
cnlorino gas is passed in a slow stream over anthracene, and the resulting niass is crys 
Jillised by solution in benzene and cooling. Laurent introduces pulverised anthra* 
into a bottle filled with chlorine, dissolves out the antliracono which remains un- 

tered after 48 hours, "with a small quantity of boiling ether, and crystallises the 
^ndissolved portion from a large quantity of boiling ether. It foi*ms radiate needles 
Very long (Anderson) ; yellowish, shining laininso, fusible and volatile (Luu- 
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rent). It is easily soluble in alcohol, to which also it gives up a small quantity n 
hydrochloric acid, slightly soluble in ether. Alcoholic potash converts it into elder 
anthracene. 

Oxantbracene. Paranaphtalese. Anthracemise. (Ijauren t, Ander 

gon.) — When anthracene is boiled for some days with nitric acid, a resin is formet 
which becomes granular on cooling, and wlicn washed with water and recrystalliset 
from alcohol or benzene, forms light reddish-yclK)W crj^stals of oxantbracene, fusible 
volatile without decomposition, and subliming in long needles. When heated or 
platinum-foil, it burns with a smoky flamo and without residue. It is neutral, insolubb 
in water, sparingly soluble in alcohol, somewhat more soluble in benzene (Anderson') 
nearly insoluble in boiling ether, and in hot coal-tar oil (Laurent), dissolves ii 
boiling nitric acid of specific gravity 1*4, and crystallises on cooling; also in stronc 
sulphuric acid, and is reprecipitated by water (Anderson). It is not altered by hoi 
hydrochloric add, by potash-ley or quick-lime, not even when sublimed over the luttcr, 
When it is heated in a test-tube with concentrated hydriodic acid, white scales re- 
sembling stilbeue condense in the upper part ; + 8HI « C^"*!!** + p ^ 

211-0 ? (Anderson.) 

Dinitroxanthracene, = C“H“(N0’*)-0“. — When anthracene is boiled witli 

nitric acid, and portions of tlio fuming acid are added from time to time, red fimies are 
continuously evolved, and the anthracene is converted into a resinous mixture oi 
oxantbracene and dinitroxanthracene. Prom this mixture the diiiitroxantliraceno maj 
bo separated, by heating with a small quantity of alcohol and cooling, as a red powdci 
having very little of the crystalline character. (Anderson.) 

PARAXrZCEXrs. The name given by St. Evre to a solid hydrocarbon, 
wdiich he obtained by distilling chloroniceic (cblorobonzoic) acid (i. 921) MM'th oaujitic 
lime or baryta. Fuming nitric acid converts it into a nitro-compound, C*"II“(NO'). 

PARAXrzCZM'E. ? — A base produced by the action of sulphide of ararao 

nium on nitroparanleene. It dissolves in acids, forming cryslallisable salts, jind is pre- 
cipitated from the solutions in snowy dakes soluble in other. (St. E vr e. Sec G-erhardt’s 
Tralte, iii. 66.) 

PARAUrZUITE. (Hofmann, Proc. Eoy. »S!oc. xii. 314.)--Duriiirr 

the preparation of aniline on the large scale, several bases of higli boiling point are 
produced. They arc lo be found in the residues which reuiMiii in the stills in whiih 
the crude aniline is rectified. By distilling these residues and fractionating the pro- 
ducts, a variety of bases arc olitainod, among which may lx* mentioned toiuylene- 
diamine, martylamiius C'*II“N, and paraiiili ne C‘-n“N*. 

Preparation. — When the fractions boiling above 330° are treated with dilute sul- 
phuric acid, a semisolid crystalline mass is obtained, consisting of two sulphiites of 
ditFsrent degrees of solubility, the more soluble being the sulphate of paraniline, tho 
less soluble the sulphate of martylamine. On decomposing the jnore soluble salt with 
caustic soda, a viscid basic oil is produced, which after soino days solidifies to a somi- 
solid crystalline mass. This is to be purified from adhering oil by pressure between 
folds of filtering paper, and crystallised firet from water, and subsequently once or 
twice from boiling alcohol. Paraniline forms long white silky needle.s, fusible at 192°. 
It boils above the range of the mercurial thermometer, but distils without decom- 
position. 

Salts of Paraniline. — From a solution in strong hydrochloric acid, a beaxdiful hydro- 
chlorate crystallises in transparent six-sided plates, which when dried at 100° have the 
formula C**‘'IT*^N“.2HC1.H®0. On treatment with watertliey are immediately converted 
into sparingly soluble yedlow needles, which at 100° contain HCl.H'O, and at 

115°, platinum-salt, 2C'-H‘^N-.H-OP.Pt‘»CP(at 110°), forms yellow 

needles of sparing solubility. — The nitrate, C'*JI'^N*.HNO®, forms short yellowisli 
needles grouped in stars. — Sidphatcs. On dissolving paraniline in dilute sulphuric acid, 
a salt edsily soluble in water is obtained, having the formula C'*H*^N“.Ii“SO^ Treatpd 
with excess of base, it yields a salt containing 2(C*“H *^N-)H*SO^. 

Ethylated derivatives of Paraniline. The action of iodide of ethyl on this base 
results in the formation of two ethylated bases, namely C'*H‘®(C®H*)N’* 
Ci2HW(C2H'‘)2N*. C. G. W. 

PARASrZTROBlSZrZOZC ACZ2>. Syn. with Nitrodracylic Acid (p. 60). 

PAKASirTHZlIfa A name applied to certain compact varieties and white and pals 
blue crystals of scapolite, 

PAJtA-OXmaarZAMZC ACZZ>. C’H^NO^' Paramidobenzoic, Oxydracylamie 
or Amidodracylic acid. (Gr. Fischer, Ann, Ch. Pharm. cxxvii. 142 — ^Wilbrand ana 
Beilstcin, ibid, cxxviii. 257,)— An acid isomeric with oxybenzamic acid, produced by 



PARAOXYBENZAMIC acid— PARAPICOLINE. 353 


rhc action of sulphuric acid on nitrodracylato (paranitrobonzoate) of anituonium 
/Vischer), or by the action of tin and hydrochloric acid on nitrodracylic acid 
nVilbrand andBeilstein). When 1 pt. of nitrodracy lie acid (p. 60) and 2 pts. of 
fio are treated with concentrated hydrochloric acid, and the filtrate evaporated, colour- 
less needles or lamina} are obtained, consisting of the compound C’lI’NO'MICl, which 
by solution in ammonia and supersaturation with acetic acid, yields crystals of paraoxy- 
bLzrtmic acid. A quicker method is to precipitate thc‘ acid tin-solution with sodic 
carbonateandsupersaturatethefiltratewith acetic acid.* tWilbrand andBeilstei n.) 

Paraoxybonzamic acid crystallises in yellowish, highly lustrous capillary crystals, 
whii'li iiKilt at 197°, and are not coloured (like oxybciizaniic acid) by contact with air 
luid water (Fischer) ; in reddish interlaced threads, shining crystalliiio tufts, or small 
rhombohedrons melting at 186° or 187® (Wi lb rand and Beil stein). When heated 
■vvitli potash, it is resolved (more easily than oxybenzamic, less easily than phenyl- 
cai'bamic acid) into carbonic anliydride and aniline. Wilbrand and Beilstoin regard it, 
however, as identical with the latter (Chnncel’s carbanilic acid). Wlieii nUrous acid 
vapour is slowly passed into a boiling solution of 1 pt. paraoxybenzaniic acid in 120 to 
125 pts. boiling water (with other proportions a different reaction takes place) till the 
liquid, which becomes dark in colour and gives oft' nitrogen, deposits on evaporation 
flocks which assume a resinous consistence, the filtrate yields at a certain degree of 
concentration, crystals of paraoxy benzoic acid, (Fischer.) 

AzO‘paraoscyhv.nzamic acid, isomeric with diazobenzo-oxybenzamic acid 

(p. 292), s<q>aratos on pouring nitrvUis ether (alcohol saturated with nitrous acid), 
oil a cold saturated solution of paraoxy benzamic acid, as a yellow crystalline body, 
which is decomposed by hydrochloric acid in the same manner as diazobenzo-oxylienz- 
amic acid, yielding liydrocJilorate of paraoxybeiizamic acid and paracholorobenzoie acid 
(p. 344). Nitrous acid passed into a hot alcoholic solution of azo-paraoxybcar/amic acid 
forms aldehyde, together with an acid different from salylic, and probably 

identical with ordinary benzoic acid (see the second equation oil page 293). (W i 1 b r a n d 
aud Beilsteiu.) 


PARA-OXYSSXrZOlC A.CZ1>. (Saytzeff, Ann. Ch. Pharm. cxxviu 

129.)~ An acid isomeric with oxy benzoic and with salicylic acid, produced by heating 
anisic acid with concentrated aqueous hydriodic acid to 125® — 130® for twelve to six 
tccii hours : 

C»H«0» + HI =» capo® + CHH ; 


also, according to Fischer (p. 361), by the action of nitrous acid on paraoxybenzamio 
iicid. It crystallises from hot water (according to A. Knop's determinations) in smal^ 
inonoeiinic prisms, exhibiting the combination c»P . oP . ooPoo , with the following 
approximate values of the angles ; ooP : ooP in the orthodiagonal principal section, 
= 140°; ooPoo : c»P = 110®; oP : ooPoo = 105® 30'; oP : ooP = 85®. It dis- 
solves in 126 pts. of water at 16® ; more easily in hot water, alcohol, and ether; has a 
sour taste; contains when air-dried, 1 at. water (C’H®0®.H*0) ; becomes anhydrous 
a! 100°; melts with partial decomposition at 210°, and solidifies between 160° and 
170° It is distinguished from salicylic acid by its molting pooint and solubility 
(silicylic acid melts at 150®, aud requires 1000 pts. of cold water to di.sRolve it) ; by 
forming with ferric chloride a yellow pirecipitate soluble in excess, without violet 
coloration ; and by the much greater facility with which it is resolved into phenylie 
alcohol and carbonic anhydride. FYom oxybenzoic acid (p. 205) it is distinguished 
1*)’ its crystalline form, and, according to Saytzeffj by its behaviour w'hcn heated ta 
the subliming point (oxybenzoic acid, accoi^ing to Fischer, crystallises in anliy- 
<lrou8 rectangular prisms, melts at 200°, and sublimes almost unaltered even when 
quickly heated ; according to Gerland, however, it splits up into carbonic anhydridq 
und phenylie alcohol). 

Paraoxybenzoic acid forms with the alkalis, easily soluble salts, difficulbto crystallise ; 
'^itli the alkaline earths and with the oxides of zinc and cadmium, it forms salts which 
ure likewise easily soluble, but crystallise w'ell, cadmium~salt, C‘^H*®0d'0®.4H®O, 

crystallises in large well-defined rhombohedrons ; the silutr-salt, 2CaPAg()*.51PO, 
crystallises from boiling W'ator in long needles. 

^AJtAPBCTZC AGIO and PARilPBCTZXir. See Pbctic Acid and Pectin. 

^iULAPROSPRORZe ikCZB. A* name of dibasic phosphoric acid (see Puos- 
fHORus, Oxygen-acids of). 

^ABapzcobZIZB. (Anderson, Ann. Ch. Pharm. lx. 86.)— A 


treated in like manner with tin and hydrochloric _i|cid, yields the double salt 
C'lPNOa.HCl.SM^Cia, which, by successive treatment wiih sulphydric acid, aminoma and acetic acid, 
mil converted into oxyben*amic acid. The conversion of nitrobenzoic and Into oxybenzamic nen , 
u ♦'ffrictcd by hydrochloric acid and zinc. Nitn>rracylic (paranitrobenzolc) .- eld uot a lad 

p«jnby zinc and hydrochloric acid. (Wilbrand and Beilsteiu. J 
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base poylnieric with picolino (C®H^N), obtained by treating piooline with to A of *♦ 
weight of sodium at the boiling heat for several days, treating the brown resinous m ” 
thereby produced with water, which dissolves soda and leaves a heavy viscid oil 
ing the latter with water, distilling, collecting apart the oil which passes over it at 
high temperature, and rectifjring. ^ ' 

The action of the sodium in the conversion of picolino into parapicoline has not be 
exactly made out. A largo portion of the metal remains unaltered ; part, of it how 
ever enters into combination, probably forming the compound C^H^NaN (no evolutio 
of hydrogen was however observed), which is subsequently converted into parapico 
line, as shown by the equation : ^ 

2C«H«NaN + 2IPO » C**H'^N* + 2NaHO. 

Parapicoline, obtained as above, is an oil of specific gravity 1*077, and boiling betweor 
260® and 315®. It is insoluble in water, soluble in all proportions in alcohol, ethep 
and oils, and has a peculiar odour different from that of picoline, but resembling tliai 
of the bases obtained from bone-oil at very high temperatures. It blues reddened litniuf 
is partially rcsinised by strong nitric acid, and forms with cupric sulphate an emerald- 
green precipitate, the green solution of which in liydrochloric acid contains a dwblt 
salt. 

The ^ts of parapicoline are for the most part uncrystallisable. The hydrochlmaU 
is a resin easily soluble in water. — The chloro-aurate is yellow, amorphous, not decom- 
posed at the boiling heat. — Thep/^?^/w7^7w-s«/^hastho formula C‘'‘'IT'^N*.H2CRP(i»CK— 
Mercuric chloride forms with tlie aleoliolic solution of parapicoline an abundarit ciirdi 
precipitate, insoluble in water and in aleoliol, tsisily soluble in hydrochloric .icid.- Tlie 
nitrate remains on evaporation as a syrupy liquid, which slowly solidifies to amassoj 
needle-shaped crystals. — The sulphate is a gummy mass, easily soluble in water, hsi 
soluble in alcohol. 

PABARBOBSORSTXXr. See Jai^apin (iii. 438). 

PARA-SACCH AROSS. A modification of cane-sugar, said tx^ be pro- 

duced under certain circumstances when a solution of sugar-candy and phosphate of 
ammonium is exposed to the air in the summer season, betwex u June and September. 
It is crystallisable, and has a greater dextro-rotatory power tlian can e-sugar. (V. J o d i n, 
Compt. rend. liii. 1252; Iv. 720; Ivii. 434 ; R^p. Chim. app. iv. 38 ; Bull. Soc. Cliim. 
1863, p. 93; 1864, p. 278 ; Juhresb. 1861, p. 722; 1862, p. 472; 1863, p. 572.) 

PARASAXiZCTXi. Salieplide of Benzoyl, C»*H‘«Os =* C'II''O*.C»IP0 ; also 
called Spirin. (See Samcyude.s.) 

PARASITES. Chatiii (Compt. rend. Ivii. 771) adtluces several examples which 
seem to show that parasitical plants possess the power of altering the juice of the planla 
on which they grow. Thus misletoe {Viscmti album) growing on the oak does not 
contain a trace of quercitannic acid ; Lorantlius growing on Strychnos is not poisonous; 
Mydnora, a parasite growing on African EuphorhiacetB, is used as food ; Orobanche does 
pot exhibit the narcotic properties of hemp ; and the red juice of Cytinus is not found 
in the Cistus on which it grows, Chatin finds moreover that Cytinece and orobanchs 
give oflf carbonic acid in sunshine, and hence concludes that phauerogamous parasites 
which are not green-coloured, alter the juice of the mother-plant. On the other hand, 
green perfect parasites ( Viscum), and more or less coloured semi-parasites {Melam- 
^pyrum arvense) decompose carbonic acid like other plants. 

PARA80RBZC ACZ2>. Sec Sokbic Acid. 

P ARA STIIiBlTE. A zeolite from Thyrill on the Hval^ordr in Iceland, con- 
taining, according to v, Waltershausen, 61*87 per cent, silica, 17*83 alumina, 7*32 lim^ 
2*00 soda, 1*78 potash, and 9*20 water (= 200), which may be represented approxi- 
mately by the formula M*0.2SiO*-f AlW4SiO*-f 3II*0. 

PARAaiTLPBATAXICMOlf. See Sulphamide. 

VARATARTARXC AOZB. Syn. with Racemic Acid. 
RARATARTRAHIZBS. Syn. with Racemamide. 

PARATARTRAUC ACZB.i „ _ 

RARATARTRSEZe ACX».| Racemic Acid. 

P ARATARTRO VZZrzC ACZZ>. Syn. with Ethyl-racemic Acid (see Eacbmic 
Ethers). 

PARATRXOZfZC ACZX>. An acid isomeric with ethyl-sulphuric acid, not knoun 
in the free state, but produced as a barium-salt, when a solution of baiytic ethyl-st^ 
phate is boiled. The liquid then becomes turbid and acid, depositing 
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Kiriiir«» deposit bo removed and the filtrate saturated with carl>onate of 

J riura* a crystal lisable barium-salt is obtained having the composition of ethylsulphate 
f barium* but distinguished from that salt by not decomposing when 

^ts aflueous solution is boiled. When calcined, it swells up like the isethionate (iii, 
rUl but at the same time gives off vapours of heavy wine-oil, takes fire, and then 
burns quietly. (Gerhardt, Compt. Chim. 1845, p. 176.) 

pABATOtXXlSlsrE or PiLSATOXiVOXi. A hydrocarbon, isomeric or polymeric 
xrith toluene (hydride of benzyl, i. 573), supposed by Church (Chem. News, Dec. 31, 
1859; Zeitschr, Ch. Pharm. 1860, p. 144) to exist in light coal-tar oil. It boils at 
119-5^; toluene at 103*7°. 

PARBIiMC ACXn or PikltB]:.1.Zir. C®H«0* ? (S c h u n c k, Ann. Ch. Pharm. 
liv. 274.) — An arid sometimes obtained, together with lecanoric acid, in the prepara- 
tion of the latter. The lichens may be exhausted with boiling water ; the solution 
cvjiporated to dryness after boiling for some time; the residue digested in boiling 
vatcr which dissolves the orseli iiiic ether (p. 236) produced by the mutual action of the 
alcohol and the lecanoric acid; and the undissolved portion taken up by boiling 
filcohol. The alcoholic solution on cooling deposits parellic acid in the crystalline 

fc»rm. 

Parellic acid forms colourless needles, very slightly soluble in cold watery soluble in 
tilvuhol and in ether ; the crystals deposited by slow evaporation are usually brilliant 
and very heavy. The alcoholic solution has a very bitter taste, and reddens litmus ; 
watpr precipitates tlie parellic acid from it in tlie form of a jelly. The crystals give off 
G ol per cent, water at lOO^, and the dried acid yields by analysis 60‘7 — 61*8 per 
rent, carbon and 3*4 liydrogen, the formula requiring 60*7 carbon and 3*3 

hydrogen. The acid is perhaps produced by the metamorphosis of lecanoric acid ; 
thus : — 

C‘®n'^0» = + C’H"0* + H^O. 

LecAiioric Parellic Orein. 

acid. acid. 

Schunck represented parellic acid by the formula 
Parellic acid molts when heated, and at a higher temperature gives off an oil which 
solidifies on cooling; also a sublimate of long needles. By prolonged boiling with water 
it yields a y^ellow, bitter, uncrystallisable substance. It is not atten d by boiling alcohol. 
It is decomposed by hot nitric ojcidy with evolution of nitrous vapours and formation of 
oxiilic acid. Acetic acid dissolves it more easily than water. When heated with 
caustic A it swells up, and is converted into a gelatinous mass which gradually 
dissolves, and the solution yields with mineral acids a gelatinous precipitate of parellic 
Jicid. But if the alkaline solution be previously boiled, it does not yield any precipi- 
tate on addition of an acid, but after some time deposits small, sinning, octahedral 
orystals, which melt in boiling water before dissolving, are easily soluble in cold alcohol, 
and separate again on evaporation ; they dissolve also in caustic baryta, forming a 
solution which deposits carbonate of barium when boiled. Baryta and lime act on 
pundli(! acid like potash. Ammmiia dissolves less of it than potasli ; the .solution when 
evaporated gives off ammonia and leaves crystalline parellic acid ; prolonged boiling, 
however, is attended with decomposition, 

Parellic acid decomposes carhonairji. Its alcoholic solution precipitates cupric acetate 
and neutral acetate of lead. It does not precipitate nitrate of silvery but on addition 
of ammonia, a yellowish precipitate is formed which is reduccsclto the metallic state by 
boiling. An aqueous solution of parellic acid mixed with chloride of gold is not 
altered by boiling; but this salt is slowly reduced by a solution of parellic acid in 
potash. 

i^arellaie of barium ohtmned. by treating the acid with baryta-water, or by double 
decomposition, is a white powder insoluble in water. The copper-salt is a yellowish- 
green precipitate. The lead-salty C‘*H*®Pb''0® (?), is precipitated in large quantity in 
white flocks on mixing the alcoholic solution of parellic acid and neutral lead acetate. 
ofT solution of parellic acid also forms a copious precipitate with basic acetate 

^AROasztb. Crystallised and granular hornblende of high lustre and rather dark 
containing alumina, iron, and magnesia ; found at Pargas in Finland and- 
I mpsburg and Parsonsfield in the State of Maine. (See Hornblende, iii. 170.'* 

, An alhaloi'd said by Winckler (Buchn. Repert. [2] xlii. 29) to 

0 TOntained in China Jaen, fuscay a cinchona-bark imported from Para. 

C®H‘®0»? (Walz,Pharm. Qeiitr. 1841, p. 690 ; further N. Jahresb. 
of p ^ ^ ^ 25-) — A neutral substance extracted from the leaves 

® aris guadrifoliaf^y exhausting them with water containing acetic acid, treating 

A A 2 
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the residue with aleoliol, and the alcoholic extract with ether to remove chlorophyll 
and fatty matters, the residue, together with animal charcoal, in alcohol of 

<)-92(), filtering, ^ i t ho alcohol by distillation, drying the residue, and redissolv- 
ing it in boiling wator. Paridin is then de])«>sited after a while in thin shining 
lamina*, forming when dry a coherent satiny mass (Walz); from cold dilute alcohol 
it crystallises in tufts of needles (Delffs). 100 pts. of water dissolve IJ pt. paridin- 
100 pts. alcohol of 94-5 ])er cent, dissolve 2 pts. ; and 100 pts. of ordinary spirit 
dissolve 6 pts. It gives off 6*8 per cent, water at 100°. The dried substance contains 
according to L, Oinelin, 55*61 per cent carbon, and 7*76 per cent, hydrogen, agreeing 
nearly with the formula C“ir'®0^ which requires 55-39 per cent, carbon and 7-69 
hydrogen. DeJffe gives the formula ; Walz in his last communication assigns 

to paridin the formula 

Paridin is immediately coloured red by strong sulphuric or phosphoric acid ; decom- 
posed by hot nitric acid; dissolved, without coloration, by hydrochloric acid; decom- 
posed by potash. 

Pil.RZBO&. — A substance formed together with glucose by boiling 

a solution of paridin in hydrochloric acid with dilute alcohol (Walz) : 

+ n^o = 

PiLRXfiTZC iLCIB. The name given by Tliomson to the acid contained in 
Parmelia jparictina^ afterwards shown to be chrysoplianic acid (i. 958). 

PiLRZETZXar. Thomson’s name for the yellow colouring matter of Parmlia 
parietina^ which is identical with usnic acid {q. v.y 

A I Syn. with SAnsn*AuiK or Smilacin (q. v.). 

PARZBBZC ACZB. ( * 

PARZ6 BXiITE. This name is sometimes used to designate pure Prussian blue 
(ferric ferrocyanide), (ii. 227), hut has lately been a}>plied to a very pure bright blue 
colour obtained by heating aniline with stannic chloride. 

PARZS BAKE. Syn. with Cahmine-laxi^ (i. 804). 

PARZS RSB. A name sometimes applied to very iinoly divided and carefully 
prepared ferric oxide, used for polishing optical glasses, daguerreotype plates, gold and 
silver ornaments, &c. 

PARZSZTB. Mnssonite . — A mineral from the emerald mines of the Musso Valloy, 
New Granada, consisting of the carbonates of cerium, lanthanum and didymiiira, witli 
fluoride of cerium and calcium. It is found crystallised in elongated double six-sided 
pyramids with truncated apex ; basal angle 164° 58'; pyramidal angle 120° 34'. Cleav- 
age basal, very perfect. Hardness -= 4-5 ; spt^eiJic gravity = 4-35. It has a vit- 
reous lustre, pearly or resinous on the cleavago-faces, and a brownish-yellow colour: 
streak yellowish -white. 

Analyses: rt, 6, by Bunsen (Ann. Ch. Pharm. liiL 147 ). — c by II. Deville and 
Ramour (Bull. Soc. Chim. 1864, ii. 339). 


CO* 

CeO DIO 

^ r 

LaO 

CaO 

MnO 

CaF« 

CeF* 

H*0 


23-61 

23-64 

69-44 

60-26 


3-17 

3-16 


11-51 

10-53 


2-38 

2-42 

o 

o o 
o o 

»-l 1-^ 

23-48 

42-52 9-68 

8^ 

2-85 

trace 

10-10 

2-16 

trace 

=1 9S-9S 


2Cg 1 

The last analysis may bo pretty nearly represented by the formula JI)i f C®0 ®.(Cb; Ce)F* , 

iLa) 

which requires 24-61 CO*, 40-27 CeO, 10-44 DiO, 10-44 LaO, and 14 54 CaF*. 

. PARZBTYPBErZZr. (Walz. N. Jahrb. Pharm. xiii. 355.)— A bitter 

substance contained, together with paridin, in Paris qmidrifolia^ and prepared from the 
mother-liquor of that substance by precipitating with tannic acid, separating the tannic 
acid from the resulting resinous precipitate by means of lead-oxide, and purifying the 
bitter substance from still adhering paridin by repeated solution in water, and con- 
centration, the paridin then crystallising out. Paristyphin is thus obtained as an a®- 
orphous mass, which is resol by boiling with water into glucose and paridin : 

-j- 2H*0 = -h C®H‘*0®. 

PARMBBZA. See Lichens (iii. 687). — Parmdia ceratophyUa vm. ^hysodti 
also called Parmdia physodes, contains two neutral substances, phyaodin and cef" 
atophytlin {neQpaxsoiMSi). 

PARMBXi«REB and PARMEB-TfiZiXiOW are colouring matters eonU^^ 
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in VarmeUa parutina. The latter is chiefly chrysophaaic acid, and the former appears 
to I'e produced from it. 

PARTHBWXC iLCXX>. The name ^ven by Poretti to the acid which forms in 
clistillod chamomile water after long keeping. It is said to form a crystalline calcium- 

siilt 

PARTXWO. The separation of gold from silver by moans of nitric acid (ii. 929, 
932). 

PASSIVE STikTE Ol* nCSTAXtS. See Elec'I'twctty (ii. 430). 
pasts or STRASS. A kind of glass used in tho inaiiufacture of artificial 
gt'ins. See Glass (ii. 841) ; also IJrcs Dlciiouarii of Arts, &(?. (iii. 407). 

PASTIWACIWE. A peculiar substance, probably an alkaloid, said by W it t s t o i n 
(biu-lm. llcpcrt. xviii. 15) to exist in the seeds of the parsnep {PasUuaca satlm), 

PASTO-RESXPT, — A resinous substance of unknown origin, imported 

from South America, where, according to Bou ssi ngaii It, it is used by the Pasto 
Indians for varnishing wood. It is viscid and capable of being ex.teiided into very 
tmacious films, which p-adually harden without becoming brittle. It is destitute of 
tasti-' and smell, has a vitreous fracture, and is heavier than watiT. When luxated above 
100^, it becomes elastic like caoutchouc, takes fire and burns with a smoky flame. 
Alcohol and ether extract from it a small quantity of green rosin, and leave a strongly 
tumefied mass, perfectly soluble in caustic potash. Oil of turpentine, does not act upon 
it ; strong sulphuric acid dissolves it without decomposition. (Boussingaul t, Ann. 
('ll. Plmrm. Ivi. 217.) 

PATCKOirXiX. Pachvpat or Patscha-pat . — The herb of Poffostemon Patchouli, L., 
a lahiiite plant iudigenouH in the blast India Tsland.s, and oniphiyed, on imconnt of its 
pungent odour, liktj that of Chenopodiuot, mUht hnintioiDn, for j.ireserving fur from th (5 
attiicks of iiis(?cts; also in perfumery. When distilled it gives off about 2 per cent, of 
voL'itile oil. It also eontiiins tannin and a green odorous resin. 

Tlie volatile oil of patehonli is brownisli-yellow, somewliat viscid like olive-oil, has a 
hpi.citic gravity of ()‘9554 at and yields at 257° a hydrocarbon re«(?ml>liiig oil of 

oubolis; tlio portion which boils at a higher temperaluie contains tlio blue suhstaqee 
culled ca'ruleiii (see On,. s. Volatile, p. 185). Por the refractive power of patchouli- 
oil, .see tho table, p. 186. 

PATXWA. Antike patina, Paiina antique, or Patina verie . — These names aro 
upplied to the hard green or blue-green deposit of cuj)ric carbonate, having tho com- 
position of malachite (Cii^OOMf'O) whieli forms on coppjer or l)ronzo that lias beoH 
oxposed to moist air for a long time, or has lain for years underground. It is imitated 
artificially by wetting tho surface of the metal with dilute solutions of acetic sudd, 
iiilrap* of copper, sul-arnmoniac, salt of sorrel, &;c., and expiosiiig it to tlie air. Tlisst 
thci deposit may have tho requisite luirdness, it must be formed slowly, and hence it is 
necessary to use dilute sedutions. (See Handwoi'tcrbuck d. (jhemie, vi. 100.) 
PATRXXrXTE. Syn. with Aciculite. 

l^AVXrXTB. A variety of hypersthene from the island of St. Paul, on the coast of 
hubraclor. Specific gravity 3'389. Contains 51*36 per camt. silica, 0-37 alumina, 
21'31 magnesia, 21 27 ferrous oxide, 1*32 manganous oxide, and 3*09 lime (= 98*72). 
(Dam our, Ann. Min. [4 J v. 147.) 

PAXTIiCWlfflA XMPERXAIaXS. A colouring matter has been obtained from 
the capsules of this plant by Belhommo (Compt. rend, xlvii. 214) ; but no particulars 
have b(>en published respecting it. 

P A'VliSTXlir • Fraxetin (ii. 7 07 ). — According to recent experiments by E. o c h I e d e r 
pr. Oliern. xc. 433), this substance, produced by the decomposition of j)aviin from 
tmrserhestnut bark {yid. inf.\ has the composition It has a 1< rnon-ytdlow 

(“olonr, becomes straw-yellow at 120°, and is converted by sublimation at 200° into a 
tauss of woolly crystals. It has an acid reaction and combines with bases. 

Fraxin (ii. 708). — This substance is contained in that portion of the 
piccipitjite formed by neutral acetate of lead in the aqueous decoction of horsechestnut 
’^rk, which is soluble in water containing acetic acid. Its composition, as determined 
auiilysis, is C«I1‘^0« ^ 4C*»H‘»0'‘».1P0, When heated in a stream of carbonic 
to 160° it becomes anhydrous (more quickly at 200°), and has thou the 
imposition Paviin at 117^ is p;de-yellow', amorphous, easily friable and 

.^ contains water ; it melts at 190°. When recrystallised from hot alcohol it is pure 
0 and gives oflf its water between 110° and 113°. By boiling v. itli dilute acids, it 
resolved into glucose and pavietin or fraxetin, according to tin o ^Liatioii : 

+ H'O == c“'iro* + mv-0% 



358 


PEA— PEARL. 


according to which, 100 pts. paviin should yield 66*5 pts. paTietin ; the quantity fonr, 
was 65‘2. (Rochleder, loc. dt,') * 

PBA. Pisum sativum . — The composition of the seed and straw of this plant ha 
been investigated by several chemists. 

The following determinations of the nitrogen, fat, ash, and water in fresh pea-seed 
B by Ward and £ggar, made under Way’s direction (Agr. Soc. J. vol. x. pt 2 


are 

Jahresb. 1849, p. 708) ; 




Nitrogen 

Fat 



per c»*nt. 

per cent. 

. 

• 

3-67 

1*01 


• 

2*97 

, , 

, 

• 

3*47 

1*64 

. 

• 

3*28 

1*04 


pt. 2 

Water 

percent 

15- 40 
13G0 

16- 60 
16-40 


White or garden peas, grown on clay soil 
White or garden peas, grown on sandy soil 
Grey or field peas, grown on clay soil . 

Grey or field peas, grown on sandy soil 

Poggiale (J. Pharm. [3] xxx. 180, 255; Jahresb. 1856, p. 808) found in common 
green peas, dried and shelled, 57*7 per cent, starch, dextrin and sugar, 21*7 nitrogeiiouf 
substance (legumin), 1*9 fatty mutter, 2*8 ash-constltuonts, 3*2 cellulose, and 12-7 
water. 

W. Mayer (Ann. Ch. Pharm. ci. 129; Jahresb. 1857, p. 637) has made the 
following determinations of the water, phosphoric anhydride, nitrogen and ash in 
garden and field peas : 


Air-dried. 

H^O. 


Dried substance. 




N. 


Ash. 


9*58 

8*99 


1*458 

1*408 


4*87 

4-81 


3*46 


13*62 1-025 4*25 2-91 


Selected peas from the garden of the Agricultural 

Society at Munich 

Bohemian field peas 

Field peas from Schleissheim, Upper Bavaria 

(calcareous soil) ...... 

The shells of peas weigh from 0 8 to 1 per cent, as much as the seed. The w<;ight 
of straw is about 2*7 times as much as that of the seed, or 27 pts. seed to 73 pts. straw 
in 100 pts. of total weight (Schwerz). 100 pts. of pea-straw contain 12 pt.s. nitrogen- 
ous matter, 21*9 matter soluble in potash, 47*5 per cent, non-azotised mutter insoluble 
therein, 6 0 ash, and 12*0 water. 

Way and Ogs ton (Agr. Soc. J. vol. vii.pt. 2; Jahresb. 1849, p. 672) found in 
peas of various kinds (air-dried) from 13*6 to 17*5 per cent, water; and the peas dried 
at 100° were found to contain 0-25 to 0*372 per cent, sulphur, and 2-39 to 2 68 per 
cent, ash. 

In the straw of garden-peas (air-dried) the same chemists found 15*38 to 15*64 per 
cent, water; that of white peas dried at 100°, yielded 8*92 to 9*40 per cent, ash; that 
of grey peas 6'5 to 7*5 per cent. 

The composition of the ash of peas and pea-straw, as determined by Way and Ogston, 
is given in the table, p. 359. 

The ash of pea-straw has also been analysed by Her twig, with tho following 
results ; 

a. Pea-straw from Duderstadt ; h. from Thuringen. 


Carbonate of Potassium . 4*1 > 

Carbonate of Sodium . 8*3 ( 

Sulphate of Potassium . 10*7 12*0 

Chloride of Sodium . 4*6 3*7 

Silica .... 7*8 15*5 

Carbonate of Calcium . 47*8 49*7 

For numerous other analyses of the ash of peas and pea-straw, made chiefly at the in- 
stigation of the Prussian Agricultural College, see Liebig andKopp’s Jahresbericht, 
i. 1074, Table A. Nos. 5, 6, 7, 8, 10, 11 ; and ii. 656, Table B. Nos. 1—32. 


b. 

4*3 


Magnesia 

Phosphate of Calcium 
Phosphate of Magnesium . 
Ferric and Aluminic 
Phosphates 


4-0 

5*1 

4*4 

2*1 

98-9 


h. 

1*4 

1*1 

7*8 


90*1 


PBiLCB. See Fruit (ii. 7 15). 

PBiLOOex COPPISR OXJS> Syn, with PuBPiiB Coffer. (See Coffee, Sui- 
FHIDES OF, ii. 78.) 

PImAiRXi* a highly prized spherical concretion found within the shell of the pearl- 
oyster. These molluscs are subject to a kind of disease, caused by the introduction of 
foreign bodies within their shells. In this case the inner layer of the shell, the mother- 
of-pearl (p. 322), instead of being spread in thin layers on the inside of the shcUi 
accumulates round these particles in concentric layers, forming pearls. These concre- 
tions consist of carbonate of calcium interstratified with cellular membrane. They have 
a bluish-whit© colour, with considerable lustre and iridescence. The most valuanW 
p<*arl fisheries are on the coast of Ceylon, and at Olmutz in the Persian Gulf# 



Composition of the Ash of Chain anh Stbaw of Peas. 


coeocotxf-ii-HcooO' 




t^OCiTriClrt<‘OOOCO 
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W I '- 7** «P CO >p cp 

.TH»00'^®0«bWfH 


01CO»OOOCOt-<"^C5 


cq .r-l,-Cr-ICOlO‘OCO 

■^«p<^c^^cacp 

6> 




C 0 '^« 0 C 0 '«*<O« 0 Q 0*0 

*’ooo^o^»-hoco 


QO'^<«ococo< 0 '!#<eow 

CO I"- 9^ ?* . 

c<io<i3»boc^'^o?'^ 


OC<I»OCO 

»pO*pO> C!3<»Cjpr;-l0p 

^»0^<©^»OOC<IGO 


r>.co<McO'^*ococo^ 
OO QO Oi CO OC *0 CO CO 


cqr^r«cD*o 


^ .2 
’ O ' o ^ S § 
52, 

Vw«''T 3 O Q 

.3 • ’§ PH c2 

V ^ 'u 

™ 03 .2 o o 

’S .2 2 § « 

o 2 "S '2 r2 

•c ■! g J » S 8 

F CU.2 'tj o rd 
£ (W OJ O Ph o CJ 


Ash per cent, in dry substance 2*93 8 92 2’68 9*40 i 2'40 2’38 2’48 | 2*60 2*87 2*56 7'61 roO 6’o3 7’50 

Ash per cent, in fresh substance 1*97 7’o2 2*25 7'96 2*84 2*77 2*87 j 2*24 2*40 2*14 6*71 7*03 6u9 6*86 
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PlULSXi-ASK. Pa rtiiilly purified carbonate of potiissium, prepared from tlie ashes 
of plants (see Carbonates, i. 7y0). 

PEAR&-MZCA. Syn. with Mabqabitb. 

PSAR&-SZ2irT£R or Fevrite. — A. rariety of opal occurring in the carities of 
Tolcanic tufa (sec Opab, p. 204). 

PRAR£-SPAR. This name is applied to rhombohedral crystallisations of dolomit e 
(magnesio-calcic carbonate) having canned faces and a pearly lustre ; when the crystaU 
are not curved, and have a brovm or reddish-brown colour, tlioy are called brown »par: 
the latter variety conUiins from 5 to 10 per cent, oxide of iron or manganese. 

PEARXi-STORPB. A felspathic mineral, having a pearly lustre, occurring in 
spherules or spheroidal concretions. Specific gravity 2-3 to 2*4. A specimen from 
ITungary analysed by Erdmann gave 72*87 per cent, silica, 12*05 alumina, 1*75 ferric 
oxide, 1*30 lime, 1*10 magnesia, 0*13 potash and soda, and 3*00 water (= 98*20). 

PZLASTOnrS or PZSOXiZTE. A calcareous rock consisting of spherical grains 
like oolite, but differing therefrom by the larger size of its particles, which are composed 
of concentric laminae. 

PSAT* Torf ; Tourhe. — This product of the natural alteration of plant-tissues is 
of frequent occurrence in places where the presence of stagnant water or a very humid 
atmosphero and certain other conditions have favoured tlie growth of mosses and marsli 
plants, together with certain kinds of grass, heath, &c. The remains of these plants, 
gradually accumulated and chemically altered to a greater or less extent, often consti- 
tute beds of considerable extent, varying in thickness from a ft‘w inches to many fret. 

There are many kinds of peat, presenting very great diversity in their texture, colour, 
and most other characters j some vari<^tie8 consist almost entirely of withered remai us 
of plants which have undergone but little alteration except mechanicnlly ; in other varie- 
ties the organised structure of the plant remains more or less distinctly recognisal)le, 
and in other kinds there is no obvious indication of plant-structure remaining. Peat 
of the former kind is generally of a pale yellowish-brown colour, very bulky situI re- 
tentive of water ; when dried it is very light and spongy, somewhat resembling eom- 
pressed hay, and its specific gravity is often as low as 0*25. Peat of the latter kind, 
on the contrary, is either black or dark brown, and in its natural state has a clayey 
consistency without any fibre, so that it can sometimes be wrought into tiles or pipes 
for draining purposes ; when such peat is dried, it shrinks considerably, and bpconies 
denser than water, very good kinds having sometimes a specific gravity of 1*25. be- 
tween these two extremes numerous intermediate kinds of peat are met with. In the 
natural state, peat is always mechanically mixed with a very largo proportion of water, 
varying from eighty to upw’ards of ninety per cent, by weight, the fibrous kinds always 
containing the lai’gest amount of water. When the water is separated by drying the 
peat in thin slices in the air, a quantity still remains which is not separable by air- 
drying, and amounting generally to 15 or 30 per cent, of the air-dried materiiiL 

The large amount of water mixed wdth peat in its natural state is the most serious 
obstacle to the useful application of this material upon any extensive scale, fvs fuel Hud 
for other purposes, for the practical ditficulties of separating this water by air-drying 
rapidly increase in proportion to th<* extent upon which the peat is collected. The hygro- 
scopic water still remaining in air-dried peat is also highly prejudicial to its utilify 
as fuel. Hence it i.s that wherever coal can be obtained at a moderate cost, not ex- 
ceeding ten shillings per ton, it is impossible to use peat as fuel with advantage, and 
it’may be preferable (o use coal even where it co.sts as much as twenty shillings per 
ton, when the peat is far distant from the placo where fuel is required, inasmuch as 
the carriage of peat, which has a much smaller fuel-value than coal, will often make its 
cost equal to that of an etjuivaleut quantity of coal. (See Fxtel, ii. 723.) 

The composition of dry peat presents differences as great as those existing between 
the several kinds in other respects. 

The amount of ash in peat is very variable, as will bo seen from the following table, 
and there are equally great differences in thrj composition of these ashes. It is very 
rarely that the composition of peat-ash is such as to admit of the opinion that it repre- 
sents merely the mineral constituents of the plants from whoso remains the peat has been 
formed. In most cases a large portion of this ash is refcrrible either to mere me- 
clianical admixture of earth, or to the deposition of mineral substances from wafrr 
permeating the peat, and consequently the composition of the ash is much influenced by 
the nature of the prevailing rocks in the neighbourhood of peat-deposits, or such parts 
of those "rocks as are carried away either mechanically or chemically by the action of 
water. The permeation of peat by water probably exercises a further influence in 
altering the composition of its mineral or ash constituents, by abstracting certain sub- 
HtanceSi in virtue either of a kind of dialysis or of chemical reaction. Such being tn® 
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« tho composition of peat-ashes and the nature of the changes they have undergone 
j be deti?rmined mainly by local conditions, and in this way the great diversity of 
sition which is found to exist may be to some extent accounted for. 

^^"vhen air-dried peat is exposed to a temperature of 100° C., it generally loses from 
iMo 30 per cent, of its weight, consisting chiefly of hygroscopic water; but, according 
^'^Alarsilly, some decomposition takes place even at that temperature, and volatile 
^ ’oducts containing carbon and hydrogen are evolved in small quantity. At higher 
r> ^ineralnres peat is entirely decomposed, yielding the ordinary products of dry or de- 
t nictivo distillation, viz. gas, tar, a watery liquid, and a carbonaceous residue. These 
^ id ucts and their constituents are, in their general character, intermediate between 
the analogous products obtained under similar conditions from wood and from bitu- 
minous minerals, their relative amount, chemical nature, &c., being dependent upon 
the temperature at which tho, decomposition takes place, as in all other cases of destruc- 
tive distillation. The several products of the distillation of peat also vary to some 
•vtont both in quantity and quality according as the peat approximates more, on the 
oim Imnd, to unaltered wood, or on tlic other h.and to coal, just in the siime mainn^r as 
there arc* similar differences of degree between tho products of different bituminous 
luinerals. 

Composition of Peat, 



Specific 

W.-iter 

Percentage composition of peat dried at lOO® C. 


in 


drogen. 


Nitro- 

gen. 




gravity. 

air-iiried 

peat. 

Carbon. 

Oxygen. 

Ash. 

Authority. 

Cappngo . 


, , 

51*05 

6*85 

39*55 

2*65 

Kane 

Kilheggan , 



61*04 

6*67 

30*46 

1*83 


Kilhaba 



51*13 

6*33 

34-48 

8*06 


riiillipstown 1 

o-iorj 


5809 

6*97 

32*88 

1*45 

1*99 

Sullivan 

0-609 


00*48 

6*10 

32*55 

0*88 

3*30 

and Gages 


0-335 


59*92 

6*61 

32*22 

1*26 

2*74 


Wood of Allen \ 

0-039 

to 

1 - ■ 

61*02 

5*77 

32*40 

0*81 

7-90 

»» 

\ 

Devon 

0-(.)72 

0-850 

25-56 

54*02 

0*21 

28*17 

2*30 

9*73 

»» 

Vaux 

Island of Lews • 

1*130 

23*20 

60*00 

6^*90 

30*00 

1*30 

1*90 

Paul 

Tlreslcs . | 

0 

2*17 

46*80 

5*65 

41*15 

* 6*40 

Marsilly 


3*14 

47*48 

7*10 

36*06 

9*00 


Tli% . J 


3*07 

50*67 

5*76 

36*95 

1*92 

6*70 



7-20 

43*65 

5*79 

36-66 

14*00 


bourdon 


6*55 

47*69 

6*01 

39*30 

7*00 

»» 

Canion , 


5*59 

46*11 

6-99 

35*97 ! 

2*63 

9*40 

n 

hiemen court 


1*81 

12*99 

2-22 

19*31 

65*01 

i» 

Vu lea ire 



57 03 

603 

29*67 

2*09 

5*58 

Peg 11 an It 

Long 



58 09 

5*93 

31-37 

4*61 


l'’iMmoiit 



67*79 

6*11 

30*77 

5*33 

,, 

I'riesland , | 



5716 

5(5 

33*39 

3*80 

IMuhler 



59*86 

5*52 

33*71 

0*91 

71 

Ilolland 



50*85 

4*65 

30*25 

14*25 

»» 

Rannnstein 


16*70 

62*15 

6*29 

27*20 

1*66 

2*70 

Walz 

'St(‘in\veiid(in 


10 00 

57*50 

6*90 

31*81 

1*75 

2*04 


Nioderiuoor 


17 00 

47*90 

•80 

42*80 

3*50 

»» 

( 


15*70 

50*13 

4*20 j 

31*44 

8*92 

Baer 

DniHyian . 


to 







( 


21*70 

65*01 

5*36 

35*24 

11*17 

„ 

( 


17*63 

66*43 

6*32 

38*35 

9*86 

Jaekel 

Havel . ■< 


19*32 

53*51 

6*90 

40*59 

6*60 

» 

( 


18*89 

53*31 

5*31 

41*38 

6*80 

If 

Liimm 


31*34 

59*43 

526 

35*31 

11*99 

ft 

Hamburg , 


18*83 

67 

6*32 

37*66 

2*31 

ft 

Bremen . j 

Sehopfloch . 



67*84 

5*85 

32*76 

0*95 

2*60 

Breuninger 



6703 

6*56 

34*15 

1-67 

1*57 

»* 


20*00 

53*59 

5*60 

30*32 

2*71 

8*10 

Kessler and 

Sindelfingen | 


18*00 

18*00 

45*44 

38*72 

6*28 
4 24 

‘26*21 

‘25*89 

1*46 

0*88 

21*60 

30*60 

Petersen 

ft 

Baden < 


11*77 

46*75 

3*67 

25 87 

0*67 

0*89 

tf 


to 






_ t 


18*55 

60*79 

7*10 

49*01 

6*33 

14*76 

»» 
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Analyses of Peat Ashes, 



Authority. I Andergon. | Johnson. (Wagner. 


Authority. I Anderson. | Johnson. (Wagner. 


Soda . , . 1*1 1 0 . 0-6 . . 0-3 0*679 

Potash . . 1-2 0*7 0*4 0*7 0*8 0*7 0*347 


Magnesia . . 4*5 0*4 . . 6*0 4*9 0*9 1*256 

Lime • . 11*7 1*2 1*3 40*5 356 11*2 45*581 |26*ll*J 


Alumina . . 2*9 . . 1*8 . . . . 28*4 0*129 4'i80 

Ferric oxide . 5*3 30*7 12*5 5*1 9*1 4*5 15*974 11*691 

Phosphoric acid 0*5 0*7 0*9 0*188 l*46i 


Sulphuric acid . 9*7 5*5 2*0 5*5 10*4 2*6 44*371 12*403 


Chlorine . . 1*5 . . 0*1 0*1 0*4 trace HCl 0*337 1*568 

Silica . . 9*8 . . 81*6 8*2 1*4 12*3 1*043 0*980 

Carbonic acid 1*0 16*120 13*695 

Sand, clay, &c. . 51*5 60*6 . . 31*7 37*3 37*2 2*653 22*619 


P 99*678 99*691 1 

The chemical nature of the change by which peat has been produced from plant-ro- 
mains is probably rery similar to that by which bituminous minerals have been formed 
from analogous materials. It consists chiefly in elimination of oxygen and hydrogfn 
in the proportion to form water, also of oxygen and carbon in the proportion to form 
carbonic acid, and of hydrogen and carbon in the proportion to form marsh gas an 1 
perhaps other hydrocarbons, the main feature of this change being the increase in the 
amount of carbon in the residual substance. Hence the composition of different kinds 
of peat varies in proportion to the extent to which this alteration may have advanced, 
and peat which has been little altered will possess a composition more or less approxi- 
mating to that of ligneous tissue or of wood, while those kinds which have undergone 
greater alteration will possess a composition approximating more to that of coal, (jr 
lignite, or other bituminous minerals, according to the conditions under which this 
change has taken place. The physical characters of peat, such as texture, colour, den- 
sity, &c., also bear^ similar relation to the degree of chemical alteration which has 
been reached, the fibrous, light coloured, spongy kinds being most similar to wood in 
composition as well as most unlike coal or lignite, &c., while on the contrary the com- 
pact, dark coloured, dense varieties of peat often resemble lignite and some kinds of 
coal in composition as well as in their physical characters. It is indeed probable that 
peat may bo r(?garded as a sort of intermediate product of the same general mode of 
alteration by which coal and other bituminous minerals have been formed, and that if 
deposits of peat were placed under conditions such as tliose in which coal, &c., have 
been produced, the peat might in process of time become converted into coal. ^ 

PBCTiASB. A fermentative substance existing in fruits, and ha^ung the property 
of converting pectin into pectic, parapectic, and metapcctic acids. It has not been 
obtained in the pure state. (See p. 362.) 

P»CT0CS Substances (p. 362). 

PBCTOXiZTB. Osmelite. — A hydrated silicate of calcium and sodium, occumng 
in aggregated acicular moiiocliiiic crystals, having nearly the same angles as wollas- 
tonite, and cleaving perfectly parallel to the orthodiagonal. Twins, parallel to ooPoo , are 
of frequent occurrence. It also occurs fibrous, massive, radiated or stellar. Hardness 
5. Specific gravity ~ 2*68 — 2*74. (k)lour whitish or greyish, with silky or sub- 

vitreous lustre on the fractured surface ; subtranslucent to opaque. Tough like dys- 
clasite. Melts before the blowpipe to a translucent glass. Decomposed by hydrochloric 
acid, with separation of flocculent silica ; gelatinises if previously ignited. 

Analyses. — a. From Monte Baldo in Upper Italy (v. Kobell, Kastn. Arch, xiij- 
385 ; xiv. 341). — h. Isle Royal, Lake Superior (Whitney, SilL Am. J. [21 vii. 434). 
— c. Taliskcr, Isle of Skye; specific gravity 2*784 (Heddle, Phil. [4Jix. 248).-- 
d. Castle Hill, Edinburgh, associated with wollastonite and prehnite (Heddle and 
Grog, loc, cit .), — e. Knockdolian Hill near Hallantra, Ayrshire ; specific gravity 2*7 7» 
(Heddle and Greg). — f. Bergen Hill, New Jersey; mean of three closely 
analyses (Whitn ey, Sill. Am. J. [2] xxix. 205).—^. Langbaii’s iron-mine in Werpil^di 
S wodez^ in fibres like asbestos, but more compact ( I g e 1 s t r o m, J. pr. Chem. buod* 39o). 
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6 . 

c. 

d. 

e. 

/. 

g. 

Sib’ea 

. 61-30 

63-45 

53-82 

63*06 

63-24 

64-62 

52*24 

. 0-90 

4*94 

2 * 73 <» 

0-76 

1*00 



Liin® 

33*77 

31-21 

29*88 

33*48 

32*22 

32*94 

33-83 

perrous oxide ^ f 
Manganous oxide J 

8*26 

1*57 

7*37 

• • 

• • 

• • 

1-09 

1-78 

Soda 

Potash • • 

9*65 

9*98 

9*67 

8-96 1 

8 - 48 t 

Water 

3*89 

2-72 

3*76 

3*13 

3*60 

* 2-391 

3-70 


99*69 

99-69 

99*74 

100*40 

99-63 

100*00 

100-00 


Tlicso analyses may be nearly represented by the formula (Na*0.2Si02).4(Ca"0.Si0*). 
" Si® ^ 

H‘0 or (NaIICa‘‘‘)Si®0* or { 0®, requiring 61*87 per cent, silica, 3*25 lime, 

9 20 soda, and 2*68 water. From the last analysis Igelstrom deduces the formula 

3(2M''O.3SiO‘0.Cu"HW 

pbctoss. ^ 

PjBCTOSXC BlCZ]>. V See pECTOtrs Substances. 

PSCTOITS ACZ]>. 3 


PBCTOUS SITBSTAirCBS. P^r//w, Pectic acid^ Pcctosn^ &C. (Vauquelin, 
Ann. Chirn. v. 100; vi. 282; Ann. Ch. Phya. [2] xli. 46.--TJruconnot, Ann. Ch. 
I’bys. 1 2] xxviii. 173 ; xxx. 90 ; xlvii. 206 ; Ixxii. 433. — Guiboiirt, .T. Chirn. niM. i. 
27.— Mulder, J. pr. Chem. xiv. 277 ; xvi. 246. — Fremy, Ann. Ch. Phys. [3] 3yciv. 9. 
— iSoiibeiran, J. Pharm. [3] xi. 417. — Poumarfedt; and Figuior, J. Pharin. [3] 
xi. 458; xii. 81. — Chodnew, Ann. Ch. Pharin. li. 356. — Fr. John, N. Br. Arch. xlv. 
2l, 129. — Gm. XV. 392. — (xcrli. ii. 584). — Tlic pulp of fl(?shy fruits in the unript! state, 
also fleshy roots and other vegetable organs, contain a substance called pectose, which 
is insolulde in water, but under tlie, influence of acids and other reagents, is transformed , 
into a soluble substance, pectin, identical with Unit whicli exists in ripe fruits and 
ini[)arts to their juice flic i>ro]icrty ot gelatinising wdien boiled. 

Pcctoso almost always aecoiiipanit's cellulose in the tissuo of plants, but as it is in- 
soluble in water, alcoliol and ether, and is moreover decomposed or allorod by most 
rt'a;,u'ii1s, it has not yet l icen isolated. It is this substanco which gives the hardness to 
iiMrq)e fruits. It is probably isomeric with cellulose, or differs from it only by tho 
elcinents of water. 

Pectin does not exist ready formed in fruits, excepting when they are very ripe. It 
is formed in fruits from pcctose under tlic influerict; of Tuuit, its formation being then 
due to tho action of citric and malic acids. The juice expressed from an unripe apple 
docs not contain a trace of pectin, but if it be boiled for a few minutes with the ]>ulp 
of tlic fruit, pectin soon appears and gives to the liquid the peculiar viscosity which 
chiiractcrises the juice of all boiled fruits. 

Pectin may also be formed by boiling tho pulp of carrots or turnips with a slightly acid 
liquid. 

Under the influence of acids or alkalis, pectin is gradually modified, and uhirnately 
transformed into a strongly acid compound called inctapectic acid, passing liowcver 
through a series of intermediato modifications called by i>einy, parapectin, meta- 
pectin, peetosic acid, poetic acid, and parapectic acid. The composition of 
these bodies cannot be regarded as definitely established, as they are uncrystallisable, 
smd it is very difficult to free*, them completely from mineral substances. It is probable 
however that they are either isomeric modifications of the same chemical compound, or 
t*lse differ from one another only by the elements of water. 

Pectin undergoes transformation not only when subjected to the action of the above- 
Jnentioned chemical reagents, but also in the living plant. According to Fremy, all 
Vegetal tissues which contain pectose (the primary material from which pectin is 
lonned), contain also a kind of ferment called pectase, comparable in its mode of 
action to the diastase of germinating barley and the emulsin of bitter almonds. It is 
an uncrystallisable substance, which may be obtained by procij:)itating the juice of fresh 
carrots with alcohol. The pectase which was previously soluble tlien becomes insoluble 
in water, without however losing its power of acting on pcctous substances. When iu- 
troduced into a solution of pectin, it quickly converts that body into a gelatinous product, 
insoluble in cold water; this transformation takes place in water at the temperature of 
about 400 Pectase immersed in water for two or thr(?e days, is decomposed, becomes 


4 ferric oxide and magnesia. ^ . ..t - a-» * 

J ®y d^ffereuce*^*^*^^ Uclorminaliou of the water in the mineral dried at 80" gave a*76-3*03 per cent. 
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corernd with mould, and is then no longer capable of acting as apectous ferment- it 
fermentative action is likewise paralysed by prolonged ebullition. ’ * 

Pectase exists in the vegetal organism sometimes in tlie soluble, eomotimes in th 
insoluble state. Roots like carrots and beet-root contain soluble pectase ; their 
in fact induces the p<!etoiis fermentation, Wher^s the juice of apples and other ui-ki 
f^its has no action upon pectin. In these fruity the pectase is associated with thl 
insoluble portion of the pulp, so that when the pulp of unripe apples is introduced into 
a solution of pectin, this solution quickly becomes gelatinous, in consequence of the 
conversion of the pectin into pectosic and pectous acids. Soluble pectase, as alre-ndv 
observed, may be rendered insoluble by preeij^atioh wdth alcohol. ^ 

When a fruit, such as a pear, apple, or plum, is heated in contact with water, it ox- 
periencps, according to Fr e m y, the follo^ving changes. The acid contained in it, which 
is usually a mixture of malic and citric acids, first acts upon the pectoso and convorts 
it into pectin, part of which remains in the juice, rendering it viscous and masking tin* 
acidity of the fruit. In the next place the poctfise, acting upon the pectin, produces 
a certain quantity of pectosic acid which gelatinises on cooling. If tlie action of tho 
pectase be prolonged, the pectosic acid may be changed into poetic acid. If the fiuit 
is rapidly heated, the pectase likewise coagulates, loses its activity, and no longer acts 
upon the pectin. When a fruit is boiled, the pectose alone is altered, while tlie cel- 
lulose does not experience any change. 

Green fruits, as already observed, do not contain pectin ready formed, but only pectose, 
the scanty precipitate which their juice yields with alcohol being due to albuminous 
matter. Rut as tho ripening advances, the fruit gradually loses its hardness, thecclb 
become distended and semi-transparent, and the juice then contains only pectin, which 
does ^ot precipitate neutral acetate of lead. When the fruit is ripe, the juice becomes 
gummy and contains a large quantity of pectin, and still more of parapcctiii, which 
forms a precipitate with aci'tate of lead. At this time, the pulp, if -can -fully wa.she(l, 
does not exhibit any sensible quantity of pectose, this substance having been chaiigt il 
in tho process of maturation' into pectin and parapi-ctiu. Last ly, fruits in the over-ripe 
state no longer contain a trace of pectin, that substance having been converted iulo 
metapectic acid, which is saturated by tho potash or lime in the fruit. 

It appears then that the gelatinous or p(^ctous constituents of fruit experience dur- 
ing vegetation, transformations identical with those whicli may be produced in them 
artificially by the action of acids, water, alkalis, or pectase. 

Wo shall now describe tho several bodies of the pectous group, taking them in the 
order in which they are formed from pectose. 

Pectin. This substance was discovered by B r a c o n n o t. F r d tn y prepares it hy 
treating the expressed and filtered juice of very ripe pears with oxalic acid to piv-cipitatp 
the dissolved lime, and with tannic acid to precipitate albumin, and mixing tho filtruto 
with alcohol, W'hich precipitates pectin in long threads. Those are purified by washing 
with alcohol, repeated solution in cold water, and precipitation wdth alcohol, till ncitlu r 
sugar uor organic acid can be detected in the solution. — Brae on not boils the recently 
expressed juieo of ripe apples for a while to coagulate the albumin, precipitates llio 
filtrate with alcohol, and purifi(-s it by repeated solution in water and precipitation with 
alcohol. — Poumaride and Figuier leave comminuted gentian-roots to soften in 
warm water, wash thorn thoroughly with water and very dilute acetic acuM, digest 
the roots thus prepared with very dilute acetic acid at 80° — 90° for half or three- 
quarters of an hour, and precipitate the solution with alcohol of 36°. — Mulder pre- 
cipitates the expressed and filtered juico of apples with alcoliol, and boils tlie pre(?ipita(e 
with alcohol, to remove sugar, malic acid and tannin, — Chodnew obtained pectin : 
a. By boiling crushed pears with water, precipitating tho filtered juico with alcohol, 
and washing with alcohol and ether; whereupon it becomes opaque and acquires tho 
texture of woody fibre. (This pectin is not precipitated by chloride of barium, hut 
gives a precipitate with lurntral acetate ofleadand snlplinte of copper, and therefore agrees 
W’ith Fr^my’s parapectin, p. 364); — or i8. By boiling the expressed juice of apples, 
precipitating with alcohol, redissolving in water, mixing the solution with hydro- 
chloric acid, and again precipitating with alcohol. (Tliis pectin resembles the former, 
hut has a slight acid reaction, and sometimes reduces an alkaline cupric solution.) 

Stiide (Ann. Ch. Pharm. cxxxi. 68) prepares pectin from turnips, by rasping the 
pulp, leaving it to macerate for some hours with water, pressing, heating just to the 
boiling point, filtering, then precipitating with basic acetate of lead, decomposing the 
precipitate with sulphydric acid, and precipitating the filtrate witli alcobbt*' He is of 
opinion that the body which yields pectin when unripe fruits, &c., are boiled with acids, 
is not a simple proximate principle (pectose), but a compound of pectin with lime ; for, 

* If neutral acetate of lead be added to the bailed, solution instead of the basic acetate, a less abundant 
precipitate is obtained, consisting of lead-sulphatd and the luud-coinpounU of a new glycogeneus sud> 
stauce. 
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on washing radish-pulp completely with water and then treating it with an acid, lime 
j,es into solution ns well as pectin. 

^ properties. — Pectin is a white amorphous mass, soluble in water, neutral to test-papers, 
pj-eei pi tilted by alcohol as a jelly front dilute solutions, in long threads from strong 
solutions. When pure it is not precipitated by neutral acetate of lead, but it is geii- 
j.niJly mixed with a certain quail tity of jj^pectin, which gives a precipitate with tluit. 
reagent. With basic acetate of lead it gives a copious precipitate. It has no action on 
poliirised light. When burnt it emits an odour like that of tartaric acid. 

The following are the results of the analyses of pectin prepared in various ways, der- 
ducting the mineral substances with whiph pectin is always contaminated, in whatever, 
vay it may be prepared: 


Mulder. Chodnew. 



a. 

b. 

c. 


Carbon 

44-6 

45-2 

4(3-0 

43-8 

Hydrogen . 

.5-4 

6-6 

5’b 

5-5 

Oxygen 

. .'iO-O 

49-3 

4H‘h 

.•iO-7 


100-0 

100-0 

100-0 

1000 


Frcmy. Poumardde & Figuier. 


e. 

e. 

r. 

/. 

g. 

/t. 

39-7 

.30-5 

40- S 

43-8 

4:3-2 

43-3 

.V5 

.•J fi 

.v.-s 

:V9 

rrC, 

r.-o 

.54-8 

.•ji-O 

.M-0 

ro 3 

51-2 

fiI-1 

luo-u 

100 0 

100 0 

lOO-O 

100-0 

loot) 


a. Pectin from sweet apples at 120°, leaving per cent, ash, consisting of nearly 
pun^ lime, with a little silica and iron oxide. - - P(*clin of sour apples at 120'^, leaving 
y ;} per cent. asli. — c. Mean of two analyses of pectin from pears at 115° ; it contained 
8 5 per cent, ash, composed of lime, magnesia, iron-oxide, porash,. chlorine, sulphuric 
acid and phosphoric acid. — d. Pectin of apples at 115°, leaving 1-59 per cent . a. sh, con- 
taining much ferric phosphate without a trace of carbonic acid. — e. Pectin of ripe pears. 
/. Mean of three analyses of pectin from gentian dried at 120°, and still containing 
iiiinei’nl sii]>stances. — (j. Mean of two analyses of pectin from gentian dried at 120°, 
freed from the greater portion of metallic oxide by treatment with alkalis and 
•iL-ids.— //. Pectin from carrots dried at 120°. 

The preceding analyses, though they agree pretty nearly in the amount of hydrogen,: 
ycl ditfer so greatly in the carbon that it i.s iinpossiblo to represent thorn by any one 
tnniiula. Tlic discrepancy doulitless arises from fho great difficulty of completely 
fviiig pectin from albuminous substances, sugar, dextrin, malate of calcium, See., which 
{idlicri! to it obstinately. Tile best mode of testing its purity is to precipitate tho 
lUiiK'OLis solution with excess of baryta-water, which throws down the pectin, leaving 
the substances just mentioned in solution; if then the liquid filtered from the pre- 
cipitate and freed from exetess of baryta by carbonic acid, leaves no residue on evapo- 
nitioM, it may be presumed that the peetin is pure (Fr^my). In tho preparation and 
purification of pectin it is indispensable also, according to .F re my, to avoid the use of 
h'iling water, which alters it rapidly by convert iiig it into parapeetin. Ifrdmy deduces 
Irorn his own analyses of p(!Ctin tho formula requiring ‘10’7 percent, carbon, 

5T hydrogen, and 54 '2 oxygem. 

Bicomppsitions . — Poiliiig luater, as already observed, converts pt'ctin into parapeetin. 
Dihte acids at the boiling heat convert, it into metapectin, and finally into metapectio 
acid. Alkalis and alkaline earths immediately change it into pectatns, and these salts 
whi'n treatod until acids yield insoluble poetic acid. Lastly, under tho irifluenco of 
prcia.se, pectin is converted into pectosic acid. 

Parapeetin. Aqueous pieetin, when boiled for sev^eral hours, loses its gummy con- 
sistence, and is converted into parapeetin, which is precipitated by alcohol in the form 
ef a translucent jelly. It then still retains albuminous substances, which are prt‘cipitated 
Irom the aqueous solution by addition of a small quantity of basic acetate of lead. 

rarapoctin is an amorphous, neutral substance resembling pectin ; tasteless ; soluble 
111 water, like pectin and motapectin; distinguished from the former by being pris- 
(‘jpitable by neutral acetate of lead, and from the latter by not being precipitated by 
J ilorule of barium. It is isomeric with pectin at 100° but gives up 1 at. water when 
heated to 140°. » fa i 



at 140°. 
384 

41-48 

a. 

41-51 

Fr6iny. 

42-88 

43-77 

K** 

46 

4-97 

6-48 

5-68 

5-41 

o»» 

496 

53-55 

53-01 

61 --14 

50-82 


926 


10000 


10000 


U)0-(J0 


100-00 


IS parapeetin several times purified ; b and c are less pure. 
alk converted, by boiling with dilute acids, into metapcctin ; by aqueous 

kadi a salt of pectic acid. Its aqueous solution precipitatc-s neutral acetate of 
to ^ precipitate containing very variable quantities of Icad-oxido (from 11-9 

tiii^ cent.). The organic portion of tho prcci],)itute was found to con- 

41-95 pej, ^.^2 hydrogen. (Frcmy.) ^ . 



866 


PECTOUS SUBSTANCES. 


Metapectln. ? — Parapectin is quickly coiiTerted into this substance I 

boiling with dilute acids. It is uncrystallisable ; has an acid reaction ; is soluble i 
water, like pectin and parapectin ; distinguished^ from both by its acid properties an 
ptecipitabiJity by chloride of barium. Metapectin dried at 100°, gives off 1 at wat< 
at 140°, and then exhibits the same composition as parapectin (by analysis, 41*85 p( 
cent, carbon, and 5*58 hydrogen). 

By alkalis it is converted into a salt of pectic acid. It dissolves in water; iff), 
solution also contains hydrochloric, sulphuric, or oxalic acid, alcohol throws dow 
gelatinous compounds of these acids with metapectin. From aqueous metapeotii 
chloride of barium throws down a precipitate contiiining from 14 to 15 per cent, baryt 
14*1 per cent, baryta). The lead-compound contains 19*43 pp 
cent, lead-oxide (C**iI*‘®0’“.Pb"0 = 20*30 per cent. Pb"0). 

Pectoalo aold. This acid, probably isomeric with parapectin and metapectin, i 
obtained as the first product of the action of pectase or of aqueous alkalis on aqueou 
pectin the solutio-; solidifying to a jelly immediately or after addition of acids ; buti 
is quickly converted into pectic acid by the further action of the same agents, or b 
boiling water. It has an acid reaction ; is nearly insoluble in cold water, quit 
insoluble in water containing hydrt^chloric acid, but easily soluble in boiling wate 
(whereby it is distinguished from pectin), and forms a jelly on cooling. It gave b 
analysis 41*1 per cent, carbon, and 5*25 hydrogen. (Fr^tny.) 

The gelatinous amorphous pectosates are easily converted into poctates by excess o 
base ; when pure they dissolve completely in warm dilute acid, whereas pectates leav 
a residue of pectic acid. 

The barium-salt precipitated from aqueous pectin by a quantity of baryta-wiite 
insufficient for complete precipitation, contains, on the average, 24*4 per cent, baryti 
(C»*H«Ba"0« = 25-3 per cent. BhO). 

The contains 32*75 per cent, lead-oxide, the formula C“H**Pb"0®‘ requirini 

33*42 per cent. PbO. 

Peotto add. — This acid, though it may be obtained from most plants 

if not from all, does not exist in them ready formed, at least not always, but i 
produced from pectose or pectin. In fact when a .solution of pectin holding potash i: 
suspension is left to itself at a temperature of 30°, the pectin is first converted int 
pectosic, then into pectic acid. Dilute solutions of potash, soda, alkaline carbonatef 
ammonia, and aqueous baryta, strontia, and lime, transform pectin almost immediaU*! 
into pectates. Pectic acid is extracted from its different salts by submitting pectati’ 
to the action of acids. 

Preparation. — 1. Well washed carrot-puli^ is boiled willi water slightly acidulate 
with hydrochloric acid, whereby pectin is dissolved. This pectin is converted int 
pectate of sodium by boiling with the proper quantity of sodic carbonate (to bo detei 
mined by trial) ; the solution is precipitated with hydrochloric acid ; and the separafo 
pectic acid is dried, first in vacuo, then by heat. If too small a quantity of carbonat 
18 added, pectosic acid may be formed ; if too much, metapectic acid may bo producf* 
(Fr^my). — 2. The pulp of peeled turnips is well washed with water and pressed, an 
the residue is boiled for three quarters of an hour with water to which of sodic chj 
bonate, or a small quantity of caustic potash, has been added. The liquid is filterec 
the solution is precipitated with chloride of calcium ; and the pectate of calcium ’ 
decoD^osed by hydrochloric acid (Braconnot, Regnault; Simoniu, J. Pharm. 
478. Kegnault dissolves the still coloured pectic acid in aqueous ammonia ; decolorise 
it with animal charcoal at 60° to 80° ; precipitates the filtrate with hydrochloric ROid 
and repeats the solution in ammonia and precipitation with acid, in order to romo\ 
the mineral constituents. ^ 

3. The pulp of carrots or celery is exhausted by washing with pure water, boilm 
with water containing hydrochloric acid, and again washing with pure water; the r^idu 
is boiled with very dilute poUsh-ley; and the solution is precipitated by hydrochlon 
acid (Braconnot), Fr5my obtained by this process only a small quantity < 
pectic acid (vid. sup.y C hod new boils turnips after trituration, washing and prew 
ing, with very dilute potash, for half to three quarters of an hour ; strains; precipita^* 
the still turbid solution with hydrochloric acid ; washes the pectic acid several time 
first with acidulated, then with pure water; presses it with the hand after each was 
ing, and rediesolves it in ammonia, whereby an easily filtering liquid is obtain*^ 
which, after filtration, is precipitated by hydrochloric acid. Tins precipitate 
washed as above, and finally with alcohol.* 

• By boiling the washed pulp of turnips or apples with hydrochloric acid, precipitating 
then washing the precipitate with alcohol or ether, pressing and drying at C h odne w w 

a iion-ftiable mass like woody-flhre, which he calls p e ct o u s acid; it is glltrhtiy acid* soluble , 
even after drying, precipitated as a jelly by excess of p<itueh or lline'Watcr, but not by chionu 
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According to Fr6my, pectic acid prepared in the ordinary way (pwbably according 
method* 2 and 3) contain^ albuminous substances which may be more easily pre-^ 
•nitated by small quantities of basic acetate of lead, after prolonged boiling of the 

‘^lution supersaturated with ammonia. 

^Hulder washes comminuted carrots, turnips or sweet apples with water, hoils 
the residue with very dilute potash, not in excess, and precipitates with hydrochloric 

^^^Fromherg prepared his, pectic acid from turnips by comminution, washing with 
cold water, and boiling with vety dilute carinate of sodium. 

According to Divers (Chom. Soc. J. xvii. 91) pectic acid is produced, together with 
parapectic acid, by the spontaneous decomposition of gum cotton. 

^ properties. — Pectic acid in the moist state, is a transparent, colourless jelly, which 
dries up to a white, transparent, homy mass, difficult to pulverise. It has an acid' 
Uiste and reaction. It is insoluble in cold, nearly insoluble in boiling water, insoluble 
also in alcohol and in ether. Its composition is as follows : — 


Calculation (Fr4my). 

Mulder. 

Fromberg. 

Regnault. 

Chodnew. 

Fr§my. 




a. 

b. 


at 140°. 

at 120° 

at 1200. 

c* 

192 

42*29 

44*9 

44*6 

44*5 

42*69 

42*22 

41*40 


22 

4*84 

6*4 

6*3 

6-2 

4*71 

6*24 

4*77 

0** 

240 

62*87 

49*7 

60*1 

60*3 

62*60 

62-64 

63*83 


464 

100*00 

100^ 

100*0 

100*0 

100*00 

100*00 

100*00 


Tho analyses arc given as mean results. Regnault and Choclnew examined pectic 
acid prejiared from turnips ; Fr^my analysed acid from various sources. Chodnew’s 
acid loft J per cent, ash, which is deducted : see above. Mulder’s pectic acid a was 
el'tained from carrots, and left 4‘17 per cent, of ash, composed of lime with traces of 
silica; h was obtained from sweet apples, and left 3-2 per cent. ash. Fromberg’s 
pectic acid, obtained from turnips and dried at 140°, left 7 per cent, ash, composed in 
gi'oiit part of caustic lime. 

Tho analyses of pectic acid differ from one another as widely as those of pectin. It 
is most probable, however, that pectic acid, as indicated by Fr6my^s formula, differs 
fiom pectin only by tho elements of water. Kegnault gave the formula both 

for pectic acid dried at 140°, and for that contained in the salts. Chodnew gives the 
formula which agrees with the composition of many of the pectates, and re- 

quires 42'4‘2 per cent, carbon, 5 06 hydrogen, and 52*62 oxygen. 

Decompositions. — 1. Pectic acid becoin(5S coloured at 120° (Regnault); black at 
150° (Chodnew), and at 200° gives off carbonic anhydride and water, and is converted 
into parapectic acid, p. 368 (Fr 6 my). — 2. It melts when heated, swells up, burns away, 
jiiui leaves a difficultly combustible charcoal (Regnault). — 3. When pectic acid is 
boiled with parapectic acid is formed; likewise when insoluble pectactes are 

bulled with water (Fr6ray). When pectic acid is left in contact with water for two or 
three months, it dissolve-^ as metapectie acid, which is likewise produced when pectic 
acid is boiled with water for 36 hours, or when moist pectic* acid is dried by heat. Not 
a trace of sugar is formed, oven after boiling with water for seven or eight days, and 
the solution does not reduce potassio -cupric tartrate unless it contains para- or meta- 
ppctic acid (F r 6 m y ). See below. 

4. Pectic acid is not altered by cold oil of vitriol^ but is quickly charred by that 
liquid when heated (Braconnot, Regnault). By boiling with dilute adds, it is 
converted into metapectie acid, which dissolves (Fremy). It is not altered by hot 
dWwXjQ hydrochloric ax:id (Regnault). — Pectic acid prepared from turnips does 
not dissolve till after very long boiling -with dilute acids (more quickly with concen- 
trated acids) and the solution does not contain metapectie acid ; that which is prepared 
from pectin decomposes much more quickly. When the first-mentioned pectic acid is 
boiled with dilute mineral iicids, the liquid soon acquires a faint red colour, reduce.s 
coppj^r- and silver-salts, and if sulphuric acid is used, gives off carbonic and formic 
licids, and, finally, an odour of caramel. Tho solution, which remains colourless if 
diluted at the right moment, leaves a black product when filtered, and if evaporated 
after the sulphuric acid has been removed by carbonate of barium, it leaves a syrup 
from which Mcohol precipitates a barium-salt soluble in water, leaving in solution a sugar 
(partly converted into caramel), which is fermentable ahd capable of uniting with 
common salt. The barium-salt, which is soluble in water, appears to contain formic 

tasgium ; converted into pectic acid by solution in potash-ley and precipitation with hydrochloric acid; 
contains 43*2 per cent, carbon, 5*6 hydrogen, and 51-2 oxvgen. .... , ..i, 

Anotherncld, called hyperpectlc acid, is obtained from the turnip-pulp nfter exhaustion with 
hydrochloric acid, by boiling it with dilute potash (not with ammonia), and precipitating with iiydro- 
Jhloncacid. It is a gelatinous substaticu, containing (at KM-O) after dtfduction of 0‘fi2 per cent. ash. 
J* \per cent, carbon, 4 H hydrogen, and 63*7 oxygen, and is distinguished from pectic acid by not dls- 
in ammonia. (C h od new.) 
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an acid similar to ihalic acid (Chodn ew). Thp jelly of pippins completel 
fri^frofa Slig^r by alopb61, is con inerted into siigar by^ twenty minutes boiling 
, omlic acid (Cou to rebel, Ann. Ch. Phys. [2] According to Fr4iny,%ct* 

* ^d i&lranafQrmed by acids in the same manner as by water, therefore without forma^ 
non 01 sugar. . Fi^y aftribptes the. formation of sugar in Chodnew's experiments ta 
the presence of^ starch in the peptic acid employed. ^ 

•5. With niirio acid, pectic acid' yields oxalic acid (Yauquelin) and mucic acid 
(Brae on hot), Chodnew obtained mucic acid from pecnfcbut not from pectic acid 

When poetic acid is boated with the aqueous solution or mustio alkalis or alkaline 
earbotiates, metapectic acid is formed (Fr^ipy). Pectin and pectic acid prepared from 
it, undergo these transformations much more readily than ordinaiy pectic acid (Fr6my 
C hod new). Jhe liquid acquires a brown colour, but is not found to contain oxalic 
acid (Fis^my). 

P ect a^tes. The pectates of the alkali-metals are soluble in water, the rest insoluble 
and gelatihoiis. The jellies precipitated from cold solutions are denser than those 
obtained from hot solutions (Regnault). At a moderate heat, the acid expels car- 
bouic acid from alluiline carbonates. It dissolves easily in aqueous alkalis, even after 
drymg. The solution is not precipitated by mercuric chloride, but with all other suits 
it yiidds gelatinous precipitates, which dissolve in (‘xcess of alkali. It is tTitficuU to 
obtain the salts at a definite degree of saturation, because the neutral salts formed at 
first take up an additional quantity of pectic acid (Kegnaiilt, Fremy). When a 
soluble pectate is precipitated by a metallic salt, the composition of the precipitate de- 
pends upon that of the soluble salt, and varies with it (Uegnault). The jellies pre- 
cipltated by metallic salts from pectate of ammonium and pectate of calcium, are 
transparent if the acid was pure. They obstinately retain portions of the precipitunt, 
which cannot ho removed by washing on tlio filter, but may be got rid of by pressing; 
the jelly with the hand, pouring fresh water upon it, and so on, whereby tho salt 
acquires tho consistence of woody fibre, and becomes friable after drying (Chodnow). 
The insoluble salts dry up to very hard, difficultly friable, horny, hygroscopic masses. 
They take fire when heated in cobtact witli tho air, retain water obstinately, so that 
they cannot be dried below 140® or 150®, and decompose at about 200® (Regnault). 

The amnwnium-salt is obtained as a colouidess jelly l)y dissolving pectic acid in am- 
monia, and precipitating with alcohol. — The potassium-salt is obtained in like manner 
as a jelly which becomes fibrous when washed with alcohol and dried at 120®. It re- 
dissolves in water foming a neutral solution. Chodnow found 18-80 per cent, potash 
(K'^O) in the salt dried at 120°, and 20-0 per cent, in the salt dried between 160® and 
160®. — The soriitm-.saZi obtained in like manner is a colourless jolly containing (at 120°) 
13*73 per cent, sodium. (Chodnow.) 

Pectate of barium is olitainod as a colourless jelly by mixing chloride of barium with 
a solution of pcotic acid in ammonia. Freniy obtains it pure by treating a cold sol- 
ution of pectin protected from the air with a large excess of baryta-water. A copious 
precipitate of pcctosate of barium is then formed, which changes into pectate under tlio 
influence of excess of base. The precijjitato is to be quickly washed and dried, first in 
a vacuum, then in a stove at 120®, It contains 20-1 per cent, baryta. (Mulder.) 

The calcium-salt is obtained in like manner as a transparent jelly, whicli in three 
preparations, dried at 120®, gave 12*38, 12*42, and 12*46 per cent. lime. (Choduew.) 

Tho copper-salt is a green jelly containing 16*86— 16 38 per cent, cupric oxide 
(Chodnew); of variable composition (Regnault). The obtained by pre- 

cipitating acetate of lead with an ammoniacal solution of pectic acid, contains very 
variable quantities of pectic acid (34 to 60 percent, according toFr4my). Theoigaiiic 
matter in this precipitate contains, according to various analysts, from 42*9 to 45*2 
pier cent, carbon, 0*2 to 4*6 hydrogen, and 49*6 to 53*0 oxygen. The silver-salt is 
difficult to obtain pure. Regnault found it to contain quantities of silver-oxide 
varyirife from 37*7 to 41*0 per cent. 

From tho above discordant results of the analyses of pcctates, it is impossible to ob- 
tain any verification of the formula of pectic acid. 

Varapeotlo aold. — Pectic acid boiled for some time with water 

dissolves as parapectic acid. In like manner, pectates heated for several hours to 
150° <» boiled with water, are converted into parapectates. Parapectic acid is also 
formed together with pectic acid, by the spontaneous decomposition of gun-cotton. 
(Divers; Ciiem. Soc. J. xvii. 91.) ' ^ 

Parapectic acid is soluble in water, unctystallisable, destitute of optical rotatory 

S ower, and has a strong acid, reaction. When it behaves like pectin; whyu 

issolved in water, it ia quickly into m^jpeetic acid ; when boiled with 

it predpita^^ it is not fermentable.— R 
forms soluble salts with t\ie alkalis, and is precipitawd therefrom* by eiteess 
water, b^ing thereby disiangiushed from metap<‘ctic acid; from^ts aqueous solution it 
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«nrAeiDitated1>y alcohoL The precipitated ficoxa its luaeous soluticw^ 

bv^alcohol, and dried at IfiOSrcontains 28 per cent, potaeh ^ 2^*4 per 

cent. K®0). — The ohteined by boiling pectate of lead sospe^ed in Water fop 

geveial hours, or precipitating aqueous parapectic add with neutrai Relate oft|ead|' 
^ found to contain from 40*0 to 41*7 per cent, lead-oxide, aiid thirownie part oft 
the precipitate gave, as the mean of three analyses, 48 -d per cent, ca^on and 4*7 
hydrogen, whence Fr^my deduces the formula G**H*Pb*0”. 

m etapectlo AOid> C’H^O* ? Amde oellvlique, — This add occurs as a product of 
the transformation of pectose, in all fluids of the vegetable organism which are in 
contact with tissue containing pectase. All poctous substances may bo convened * 
£.ither directly into metapectic acid, or into products which yield this acid after further 
treatment. When lime is allowed to act on mangold- wurzel pulp in the manufacture . 
of sugar on the large scale, metapectate of calcium may be formed, which then accumu- 
lates in the molasses. It may be prepared by washing chopped mangold-wurad with 
water ; boiling the residue for an hour with milk of lime and pressing ; evaporating 
the liquid to a syrup, and mixing it with alcohol. Metapectate of calcium then 
falls to the bottom, and after it has been decomposed by oxalate of ammonium, the 
filtered solution is mixed with excess of neutral acetate of lead to precipitate colouring 
mutter, phosphoric acid and other substanet's ; and the filtrate is supersaturated with 
aiiiiTionia, which throws down metapectate of lead. By decomposing this salt under 
water with sulphydric acid, and evaporating the filtrate, aqueous metapectic acid is 
obtained as an amorphous, strongly acid mass, destitute of rotatory power, deliquescent, 
and easily soluble in water. The aqueous solution quickly becomes covered with 
mould, and is decomposed by prolonged boiling, with formation of acetic acid and black 
ulmic acid. It reduces potassio-cupric tartrate at the boiling heat, also silver and gold 
salts. The metapectates (excepting the basic salts) are all soluble in water. The 
aqueous acid decomposes carbonates and neutralises strong bases. 

Metapectate of Lead. — Aqueous metapectic acid precipitates basic acetate of lead, 
but not the neutral acetate. I'he aqueous solutions of the nlkuline metapectates added 
to ueuti*al or basic acetate of load in excess (of the lead-salt?) throw down soluble 
precipitates. The pirecipitates thrown down from aqueous mo‘tapectic acid by basic 
a^'cilato of load contain from 07*5 to 68*8 per cent. (C"ll'®rb’^0® = G7'2 per cent. PbO) 
and 73-4 to 74*2 p)er cent, oxide of lead (C“II‘®PbO*.Pb"0 « 75*4 per cent. PbO) ; after 
deduction of the lead-oxide, they contain on the average 48*ol per cent. C, 4*68 H, 
and 5 91 0, corresponding to the formula (calc. 44*08 per cent. 0,4*68 H, 

and 51*3 0). 

Pyropectlc acid. When pectin or either of its derivatives, such as poetic, para- 
jwtic, or metapectic acid, is heated to 200°, water and carbonic anhydride are evolved, 
and pyropectic acid remains in the form of a blac^k substance insohible in water, but 
soluble in alkaline liquids. It contains 61*3 per cent, carbon, 6*3 hydrogen, and 43*4 
oxygen, whence Fr^my deduces the formula It is remarkable that the 

hydrogen and oxygen in tiiis body are in the same proportion as in the bhick acid of 
sugar. — Pyropectic acid forms brown uncrystallisable salts. (Fr6my.) 


General view of the transformations of Pectin and the mutual relations of 
Pectous sub8ta7ices, 

^ 1. PseCose heated with dilute acids is converted into pectin, which by longer boiling 
ifl transformed into metapectic acid. 

2 By boiling with milk of lime, it is converted into metapectic acid. Probably 
pectic acid is formed in the first instance. 

3. Pectin^ when its aqueous solution is left to itself, changes into metapectic acid. 
B pretaso is likewise present, the change takes place more quickly, pectosic, pectic, 
and metapectic acid being successively produced. When pectin is boiled with water, 
parapoctin is produc<>d. 

4. Pectin boiled with strong acids, is converted into metapectic acid. 

d. By cold dilute aqueous alkalis, it is converted into pectosic acid, which quickly 
undergoes further transformation into pectic acid, or by boiling with 'strong alkalis, 
mto metapectic ’acid. - , 

6. Parapectin boiled with dilute acids “to metapectin ; aqueous alkalis 

into a pectate. ’ \ ‘ ^ ^ - 

7- Metapectin is converted by albdis into salts of pectic acid. 

.^‘^tosic acid is converted inlik^ pectic acid by boiling with water, either pure or 
^^aahne, or by contact with pet^ose. When wiled with aqueous alkalis it forms 
*“^apectic acii . ^ ' 

8. Pectic acid is oonyerted, by long contact with ureter in the cqld, more quickly at 
VOL. IV. H g jj V 
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tbe boiling beat, into parapectic acid, then further into metapectic acid. Boiling 
acids or alkalis likewise converts it into metapectic acid. 

10. Parapectic add in contact with water, is quickly converted into metapectic acid 

It! Metapectic acid cannot be converted into any other substance of the pectin 
group. 

PSOAMrXTXL Native phosphate of aluminium from Strigis near Freiberg (see 

I’KOSPHATEa). 

PBOA»rUM BABMAXiAt A&BAXiOZBB OF. See Harmaunb and Hab- 
MW® (hi. 7). 

PBOMATZTB. Graphic granite. 

PBOIBATOMTB- Syn. with Obthoclasb. 

PISOMZB* A protein-substance obtained by Thomson from the buff coat of the 
blood of men and horses, by washing with cold water and exhausting the dried residue 
with alcohol and ether. It contains sulphur, and is regarded by Thomson as a 
peculiar substance. 

' PBBAIIOOBS. = C®H”.C*H‘’0. Octyl-pelargyl . — When pelargonate 

of barium is submitted to dry distillation, this compound passes over as a brown oil 
which solidities on cooling, while carbonate of barium reimiins behind. The distilled 
products, after pressure between bibulous paper, form a solid substance which dissohis 
easily in ether, and is deposited by spontaneous evaporation in large laminae whidi 
assume a nacreous aspect when dry. It is strongly attacked by fuming nitric add, 
forming a nitro-acid. 

PBBABGOBEBZS. Syn. with Non Y nusNE (p. 134). 


PEZiAllOOBZC ACZB. = ^ O. (Bedtenbacher [1846], Ann. 



This acid exists i n tne voiaLue ou ux x Ptetryw/c »w//e. # vor. x. xu .8 produced, t.ogetlier with 
several other volatile acids, in the distillation of choloidic and of oleic acid (p. 19:5), 
with nitric acid (Red tenbac her).— 2. In tbe oxidation of oil of rue by nitric and 
(Oerhardt and Cahours).— 3. A small quantity of pelargonic acid is formed together 
with many other volatile acids, in the putrefaction of yeast. (W. Muller, J. pr. 
Chem. Ixx. 66; 0. Hesse, Ixxi. 472.) „ , . xi i. x i . 

Preparation, From oil of rwc.— When 1 pt. of oil of rue is gently heated with 1 pt. 
of commercial nitric acid and 2 pts. of water, an action sets in, violent at first and coii- 
tinning for a quarter or half an hour, oven after the fire has been removed. The luimd 
is then boiled and cohobated repeatedly, till scarcely any red fumes are evolved; the 
layer of oil is decanted, washed with water, and treated with aqueous potash, where- 
uiDon some non-acid oil of a very acrid odour is separated ; the alkaline solution is de- 
composed by sulphuric acid ; and the oily acid which separates, and is cohtaminatea 
with resin and colouring matters, is collected and rectified. The distillate is neutrahsid 
with baryta, freed from excess of baryta by cold water, dissolved in boilmg aleoho , 
then filtered and cooled to the crystallising point. Pelargonate of barium then crystiu- 
Uses out (the mother-liquor sometimes retains capratc of barium) ; and this salt 
posed by dilute sulphuric acid yields pelargonic acid, as an oil floating on the sumce 
(Gerhardt). Owing to certain circumstances not ascertained, a compound 01 m i- 
oxide with pelargonic acid is sometimes obtained in this process. (Chiozza.) 

From the blossom and herb of Pelargonimnroseum . — The herb is distilled with ware , 
the distillate saturated with baryta ; the neutral oil distilled oif ; and the 
rated to itynesB and exhausted with boiling alcohol, which takes up pelaxgona 
barium. (3? less.) 

Prtmerto.— Pelargonic acid is a colourless oil (greasy according to Red tenbac 
which solidifies in the cold, melting afterwards at 10°. Smells slightly 
Boils at 260® ; in a stream of carbonic anhydride it distils undecomposed aaa w 
less (Cahours). It is slightly soluble in water, very soluble in 

Jkcompomom.—\. Pelargonic acid becomes yeUow by keeping Jjj 

2 'When 1 pt. of pelargonic acid is intimately mixed with 4 pts. of 
i^ually raised to a red heat in a coated retort, much gw fscap^ a cl^. » ^ 

yellow, thin liquid passes over, and the alkali, partly combined with ca^nic “ . 
mains behind. Bromine absorbs the greater part of the gas, Lai, 

tritylene and tetrylene; the nneondensed portioi^bn™ witha very 
a mixture of hydrogen and marsh-gas. The liquid, dmng rectaaca taon, b^ ^^^ ^ 
at 106® to 186° : up to 110° hexylene passes over; the remwnder betw^e^ 

1400 (Cahours). 3. The acid is resolved by the dry distillation 01 its pari 
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carbonic anhydride and pelargone (C a hours). — 4. It is violently acted upon 
\ivfniachloridA^ of phosphorud, evolving hydrochloric acid and forming oxychloride of 
hLhorus and chloride of pelargyl. (C ahburs.) 

^pllargonatc of Ammonium is crystalline (G ah ours). Pelargonic acid suspended 
■ ammonia and heated forms a transparent jelly, resembling gelatinous Silica. This 
l“jl disHolvtiS wlien heated with a larger quantity of water, and forms a milky liquid, 
^^sembling a solution of soap, and congealing in the cold to a pap-like jelly. The salt 
V solves very readily in cold alcohol (Gerhardt). Tho potassiu7n- and sodium-salts 
re readily soluble and crystallisable. (C aho u rs.) 

pdarqonate of Barium^ prepared as above, forms white scales, having 

jv pojirly lustre (Gerhardt); large laminae resembling cholesterin (Eedtonbachor). 
Contains no water of crystallisation. Dissolves but sparingly in cold, somewhat more 
in hot water (Gerhardt); dissolves in water less readily than tlie similarly ciys- 
t illising valerate and oenanthylate of barium, but more readily than the caprate. It 
(lissolvrs with difficulty in alcohol (Redtenbachor). T\\o calcium- vloA strontium- 
salts crystallise from alcohol in pearly scales, sparingly soluble in water. 

Pf'larqonate of Copper^ C‘“H^^Cu'0*, is obtained by precipitating the alcoholic am- 
monium-salt with aqueous nitrate of copper. The abundant greenish-blue precipitate 
dissolves in boiling alcohol, and on evaporation yields drops of a green oil which 
solidify on cooling, and when dissolved in boiling alcohol crystallise in greenish-blue 
gniins as the liquid cools. It retains 2 at. water at 100°, and in that state gives by 
Bniilysis 16-45 per cent, of copper (calc. 15*38). 

lilargonate of Silver^ C®H''AgO*, is obtained by precipitating the hot aqueous 
solution of the harium-salt with nitrate of silver. Analysis 40*7 — 41*16 per cent, 
g, Ivor— calc. 40*75 per cent. 

pelargonate of Ethyl. Pelargonic etker.^ 

Produced from chloride of pelargyl and alcohol ; also by passing dry hydrochloric 
arid gas through alcoholic pelargonic acid, whereupon the ether separates as a 
yellow oil, which is to be washed successively with sodic carbonat<? and water, then 
dried over chloride of calcium and roetilied. When thus purified it forms a colourless 
oil of specific gravity 0*86, boiling between 216° and 218°. By boiling with potash 
it is resolved into alcoliol and pelargonate of potassium. The so-called oena7itkic ether 
(p. 174) is probably the same compound. 

PEXiARGOirZC AXTHYSRIIIS. C‘®IP‘0* — (C^W’OyO.— Anhydrous Pelar^ 
ffomc acid. Pelargonic pelargonate. (C ah ours, Ann. Ch. Pliys. [3] xxxix. 207.) — Ob- 
tiiiiicd by the action of oxychloride of phosphorus on pelargonate of barium. Colourless 
oil, lighter than water, solidifying at 0° to a mass of fine needles, which melts at 6°. 
•Snells slightly rancid in the cold, but vinous and aromatic when mixed with hot 
a(|ueoiis vapour. Heated on glass, it evolves acrid fumes and tlio odour of burnt fat. 
It is very slowly transformed into pelargonic acid by water ; by aqueous alkalis less 
easily than caprylic anhydrid(?. 

Bcnzopelargonic Anhydridcy described (i. 558). 

PE^AROOlirZC ZSTBSB. See F£nARGONA.TE of Ethyi. {supra). 
PEXiABGTIL. C®H‘^0. — The radicle of pelargonic acid, &c. 

Chloride of Pelargyl^ C®H'^OCl, is obtained by the action of pentachloride of phos- 
phorus on pelargonic acid. After rectification it forms a colourless liquid heavier than 
water, having a suffocating odour, giving off dense fumes on exposure to the air, and 
boiling at 220°. In contact with alcohol it becomes strongly heated, and forms pelar- 
gonate of ethyl. (C a h o u r s, loc. cit.) 

PEEB’8 KikZB* A capillary variety of obsidian from Hawaii (p. 170). 
^BliZCAirZTB. A variety of cimolite (i. 986) from the decomposed granite of 
Kiew in Russia. 

^BXiZOllI. A smoky-blue variety of dichroite from Bodenmais in Bavaria 
(ii. 320), 

^SXiIiirTBZXrE. A base formed, according to Bodoker, from hydrated pelosino, 
by contact with air and light. On treating the yellow product with alcohol, pelluteino 
dissolves and separates on cooling in brownish-yellow flocks, containing (at 110°) 73*9 
per cent, carbon, 6*2 hydrogen, and 3*8 nitrogen, agreeing approximately with the 
formula The cMoroplatinate is a precipitate containing from 17*7 to 18*0 

per cent, platinum. 

^BEOCO|rZT8i A variety of cupreous manganese (iii. 814), having a liver- 
brown streak. 

VBXiOBzuiik. See Niobium (p. 48). 

*UOBWB or Ossampeline. C“H«NO®. (Wiggers, Ann. Ch, Pharm. xxvii.29 ; 

B B 2 
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xxxiii. 81. Bodoker, Ixix. 53.) — Au alkaloid contained in the root of Pareira A#, 
commonly attributed to Cisaampeloit pareira, L., a shrubby menispermaceous i ^ 
growing chiefly on the woody hiUs of the^ Antilles. It is obtained by exhausti/**?*^ 
root with dilute sulphuric acid, precipitating with carbonate of sodium (not in ^ 
dissolving the precipitate in other, and evaporating. Pareira root yields from 
of its weight of pelosine. ^ sS) 

Pelosine obtained as above forms an amorphous transparent varnish. Onadr 
water to the ethereal solution, and expelling the ether by distillation, it separatea^°® 
white pulverulent hydrate, which gives off its water at 100°, and leav^ ure *f* 
soluble in alcohol and ether. Pelosine is insoluble in water, uncrystallisable inodo*'^^^ 
but has a sweetish bitter taste. It blues reddened litmus. When dried* at 120°^> 
contains 71*0 to 72 0 per cent, carbon, 7*2 to 7*0 hydrogen, and 4-7 nitrogen aeree ' 
nearly with the above formula (calc. 72*2 carbon, 7‘0 hydrogen, 47 nitrogen,* and ll”? 
oxygen), which is the same as that of codeine. According to Bddeker, hydrated nelnQ,-,/ 
contains 8 ‘21 per cent, water. ^ ® 

• Pelosine undergoes alteration in contact with the air, especially under the influence 
of lieat and moisture. It is rcsinised by moderately strong nitric acid. ^ 

The salts of pelosine are for the most part very soluble and difficult to crystallise 
The solntions give precixntates with auric and platinic chlorides. The hydrucUorate 
C'®H*'NO*.H01.H'^(), is best prexvirod by passing dry liydrochloric acid gas into a 
solution of pelosine (previously dried at 120°) in absolute ether. The salt is then 
deposited in white flocks, which must be washed with the same liquid. When dried it 
forms an amorjdious, very bygrometric powder, very S(.)Iublo in water and in alooliol 
The solution leaves a varnish when evaporated. Tlie salt dried at 110° is anhydrous 
The 2(C“‘H“'NOMICT).Pt‘*CT^ (at 110°) is a pale yellow, amorphous 

strongly electric precipitate. The chromate, C“*}T‘'‘NO“.Cr»‘H^OMI-'0 (?) is a yelluwr 
flocculent precipitate which turns brown during washing, and when heated a fow 
degrees above 100°, decomxiosos suddenly, giving off chiiiolino (?) and phenylic 
alcohol. 

PSXTClLTXTZSa A variety of hydrodoloinite, found on Vcsiudus, and at Predazzo 
in South Tyrol, Specific gravity 2-534 U) 2-613. Contains 26*7 to 29*8 per cent, 
carbonic anhydride, 36-85 to 35-7 lime, 24-9 to 23 8 magnesia, and 16-6 to 10 7 water, 
agreeing a{)proximately with tlie formula Ca"CO*.Mg"H*0*. (Both, J. pr. Chem. 
xxxvi. 304. Dam our, Bull, geolog. [2] iv. 1052.) 

hairy stem of an East Indian fern, Cibotium 
Cumingii (i. 962), used for arresting hgemorrhago. 

PnmraVE. A variety of chlorite from Zermatt in the Valais (i. 918). 
PElfXVZTE. Syn. with IIydbonickelmagnesite (iii. 212). 

PESTTAa A prefix denoting that a compound contains 5 atoms of the element 
specified : e.g. pentacMoridc of phosphorus, PCP ; pemtachlor acetone, C*IICPO. 

PBXrTikCBXiOltOXnzxr or PSXrXikCBEOBOX'rXiOXirE. One of the 

products obtained, according to Gorup-Bcsanez, by the action of hypochlorous acid on 
creosote (ii. 106). 

PBSJTASVXiPBOP'rilOPBOSPKE.TB OP STHPE. See Sulphophos- 
pHORic Ethers. 

PSXVTZSTHTXiElKrZG JlXiCOHOZi. See Ethylene, Hydrates of (ii. 577). 
PBPrTATKZOXfZC ACZDa See Sulphur, Oxygen-acids of. 

^ mineral from Ramsberg in Sweden, having the composition of 
a hydrous dichroite (ii. 320). Specific gravity 2-68 to 2*75. Contains 45-95 per cent 
silica, 30-51 alumina, 6 77 ferrous oxide, 7 99 magnesia, 0-60 lime, and 8 30 water. 
(Carlsson, Kongl. Vet. Acad. Forh, 1857, p. 241.) 

PSPSZjr. (Schwann, Muller’s Arch . 1 836.— W a s m a n n, Dissert. 1839. Lehm. 
Phys. Ch. ii. 40.— Briicke, Wien. Acad. Ber. xliii. 601.— Schmidt, Ann. Ch. 
Pharm. Ixi. 22.) — The active principle ” or digestive “ ferment ” of gastric juice. The 
name was first used by Schwann. Ho precipitated gastric juice or acid infusion of 
stomach with mercuric chloride, suspended the precipitate in water and got rid of the 
mercury by sulphuretted hydrogen. The liquid thus obtained very speedily dissolved or 
digested albumen, &c., at a blood-heat ; and Wa s m a n n showed that from it could be 
precipitated by alcohol a substance which, when redissolved in dilute acids, exhibited 
the same digestive powers, and to which the name of pepsin was given. Pepsin, thus 
prepai^d, was from its reactions judged to be a protein-body. But Mulder obtained 
artificial digestive fluids, free from proteic reactions, and quite recently Briicke has 
been able to prepare pepsin in a state of greater purity. An infusion of the glandular 
layer of the stomach, made with dilute tribasic phosphoric acid, is filtered and* 
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tisliw^ with lime-water. bulky precipitate of calcic phosphate, which carries 

down with it meehamcaUy the gj^tm part of the pepsin, is collected, washed, pressed, 
and treated with dilute hydrochlonc acid. The solution is again precipitated by 
lime-water, and the deposit again dissolved in dilute acid. To this second solution is 
gradually added, by means of a long filter reaching down to the bottom of the vessel 
J saturated solution of cholesterin in a mixture of 1 part ether and 4 alcohol, and the 
vhole is well shaken. The cholesterin, with the mechanically entangled pepsin, is 
separated by filtration, well washed, and treated with other. The ether, holdme the 
oliolesterin in solution, is then poured off, and the remaining liquid filtered. The 
filtrate which, when feebly acidified, acts voiy energetically on protein -bodies, gives 
no precipitate with mineral acids, tannin, or mercuric chloride, and only a turbidity 
jpitli the acetates of lead. It gives no xanthoproteic reaction, and is not coloured by 
sulphuric acid and sugar, or by strong hydrochlorie acid. Pep.sin appears, therefore 
not to be a protein body ; that of previous writers evidently contained other substances 
bedde the actual “ ferment ” itself. 

Pepsin is only active in a dilute acid solution. It is apparently more active in 
ooTijuiiction with hydrochloric than with lactic or other acids. A too high or too low 
(l. |iiv» of acidity is injurious, 0*08 —0 2 per cent of hydrochloric acid being about the 
most suitable. Neutralisation suspends, without destroying, the action of a dilute 
acid solution. Strong alkalis seem, however, to injure j)opsin. 

The temperature best suited for the action of pepsin is that of the body. According 
to Brin to 11 , the particular degree varies wn'th the individual temperature of the 
jinimiil, the pepisin of fishes being inert at the temperature of the mammalian body. 
In irf*neral, temperatures above that of tlio body are injurious ; those below retard the 
action. A solution of pepsin is completely deprived of its energy by boiling. 

JVpsiii appears not to be used up or consumed during digestion; that which is 
poured into the alimentary canal during digestion passes out in part by the urine after 
It hifi (lone Its work, and may bo recovered from that fluid, llriicko found it also 
ill flesh. 


The modus operandi of pepsin is unknown. It is usually called a “ferment,” but 
some other name acorns to be needed to distinguish its action from such a process iis 
liiious fermentation. The tlieoiy that “the action of gastric juice is a transfer to 
iilhiiinin, &(•., of a molecular change going on in the gastric juice, pepsin and peptone 
bciiitr essentially analogous to each other in properties,” is distinctly negatived by the 
fiict ot pepsin not being a protein-compound ; and we may infer, from pepsin not 
iHiurr used up in digestion, and from its possessing in itself no great proneness to 
imifTC, that any “ energy ” which is concerned in peptonificatiori does not come from 
the pepsm it self. 

iVpsin as secreted in the so-called peptic glands of the stomach, is neutral ; the 
ion becomes acid in the du<.‘ts of the glands (Briicke). Schmidt supposes 
lat pepsin and bydrocliloric acid unite to form a compound acid, the chloro-hvdro- 
I'f'psK! acid. 

fhfi act ion of pepsin is hindered by the presence of peptones. Hence, when portions 
:ai)umin &c., are successively added to a given quantity of solution of pepsin, the 
l'roct*s.s of digestion is at last arrested. The addition of fresh dilute acid will, however, 
rcudw it. * 


A preparation has become an article of pharmacy under the name of pepsin. It is 
•iiued by drying the glandular layer of pig’s or calf s stomach at low temperatures. 

M 

(Lehmann, Lehrb. i. 318.— Brucke, Wien. Acad. Bor. xioevii. 

Meissner, Zeitschr. Rat. Med. vii. 1, viii. 280, x. 1, xii. 46, xiv. 78, 303.) 

I'll® process of digestion; albumi- 
anirr 1° Mialhe. According to Lehmann and Mulder, the peptones are white 
redd ^ insoluble in alcohol but readily soluble in water, the solution 
soluble neutral compounds with alkaline and earthy 
aicoh 1 solutions are not coagulated by boiling, not precipitated by 

loHd ^ acids, carbonate of ammonium, sulphivte of sodium, neutral acetate of 

the *‘*'’^^<‘'yanide of potassium, but by tannin and mercuric chloride. They turn 
ane of polarisation to the loft, and give Millon’s and the xanthoproteic reaction. 
rfsult ****f account of these bodies is as follows. When the opalescent fluid 
O'l— digestion of coagulated albumin with pepsin and hydrochloric acid of 
is thro ^ strength, is filtered and carefully neutralised, a white flaky precipitate 

P^rfectr*^ 1 which may be separated by filtration, leaving the rest of the liquid 

fiW solutions resulting from the digestion of casein, muscle- 

" • - 


Ui( Wlien the clear neutral fluid remaining alter the aeparation of 

i^apeptone is carefully acidified, so that the amount of free acid is very small, a 


five, when, neutralised, a similar precipitate, which Meissner 


sn the clear neutral fluid remaining after the separation of 
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second precipitate is formed, which also may he removed by filtration, and to whi h 
the name of metapeptone has been given(only a very small quantity of this bod^ 
can be obtained by the digestion of albumin). The filtrate contains the peptone^ 
When fibrin or casein is exposed to artificial digestion, the whole is not dissolvod 
however long the process may be carried on ; a flaky precipitate is always formed 
and this Meissner calls dyspeptone. Besides these bodies the solutions alwav’ 
contain various saline, fatty, and extractive bodies, in spite of the most careful clearin 
of the original protein-substances. Meissner describes the peptone of albumin as eivinff 
Lehmann’s reactions, hut states that the peptone of muscle-fibre is also precipitatod 
by alcohol, the nitrates of mercuiy and silver, ferrocyanido of potassium, and basic 
acetate of lead. He further believes that the peptone of fibrin is a mixture of threw 
bodies; — a. peptone precipitated by concentrated nitric acid and by ferrocyanide of 
potassium in the presence of a sm^ill quantity of acetic acid ; A. peptone precipitated 
by ferrocyanido of potassium only in the presence of much acetic acid, and not at aJl 
by nitric acid ; c. peptone precipitated by neither. 

Parapoptone (from albumin) is insoluble in water, but very soluble in dilute acids 
and alkalis, from its sohttions in which it may be precipitated by a mixture of alcohol 
and ether (but not by alcohol alone), also by tannic acid, basic acetate of lead, and mercu- 
ric cliloride. From its acid solutions, it is precipitated by concentrated solutions of the 
neutral alkaline salts, and from its acetic acid solution by ferrocyanide of potassium. 
It gives Millon’s reaction. The parapeptones of fibrin and muscle-fibre are similar to 
that of albumin. That of casein is distinguished by the precipitate formed by neutral 
alkaline salts, being soluble in excess of the reagent. Inasmuch as parapeptuno 
appears at every stage of the (artificial) digestion of protein-bodies, increasing in 
amount as the process continues ; and since it cannot by the action of pepsin ho 
converted into peptone, Meissner regards it as a distinct final product, and not as a 
mere stage. He believes that pancreatic juice has the power, which gastric juice has 
not, of converting it into peptone. The ^dies he has called meta- and dyspeptone he 
considers as mere temportiry modifications of peptone and parapeptono. 

Briicke, on the other hand, asserts that parapeptoiie is easily converted into 
peptone, is not in any sense a final product, and considers its precipitation from the 
original opalescent fluid by a neutral salt or by neutralisation, to be a mechanical 
rather than a chemical process. Others hold parapeptone to be identical with syntonin. 

The })eptone8 cannot be produced by the action of dilute ifiineral acids, in the 
absence of pepsin, at the temperature of the body, but the change may be brought 
about by prolonged boiling either with dilute acids or with distilled water. Tim 
action of ozone also gives rise to similar products (Gorup-Besanez). Thiry givt-s 
the elementary composition of parapoptone as C 51’34, H 7'25, N 16'18, S 2 12 , 
0(+P) 23*11; of peptone (obtained by prolonged boiling with distilled water) 
C 60-87, H 7*03, N 16-34, S 1*64, 0(+P) 24*12, that of the albumin used for the 
experiments and prepared by neutralising a solution of white of egg in dilute hytlro- 
chloric acid of 0*2 per cent, strength, being C 61*37, H 7*13, N 16*00, S 2*12, 0( + P) 
23*38. 

The protein-bodies from the vegetable kingdom are in a similar way changed by 
the action of pepsin into peptones (and parapoptone). Gelatin appears to be merely 
dissolved by the acid of gastric juic<!, not converted into peptones ; chondrin is 
up into a peculiar sugar (cartilage-sugar) and a nitrogenous body resembling gelatin. 
(Meissner.) M. F. 

PBR. A prefix used, for the most part, to denote that the compound to which it 
belongs is the highest of a certain series : e,^. perchloride of phosphorus PCI®, p^' 
oxide of manganese MnO*. The term perexide was formerly restricted to oxides likn 
MnO* and PbO®, which give up a certain portion of their oxygen when treated with 
acids, and form salts corresponding to lower oxides ; but this use of the word is now 
nearly obsolete. 

PBUBKOMCZO ACI9. BrHO*. (K8mmerer, J. pr. Chem. xo. 190; BdL 
Soc. Chim. 1863, i. 129.) — Obtained by the action of bromine on perchlorie acid, i ■■ 
evaporating the liquid over the water-bath, perbromic acid remains as a colourless oi , 
which is not decomposed by hydrochloric, sulphurous or sulphydric acid. Perbrpma t 
of potassium is obtained as a crystalline precipitate on mixing concentrated solutjoos 
of perbromic acid and caustic potash or chloride of potassium : it is more soluble 
perchlorate of potassium, but less soluble than the bromate. — The bairiwmrsalt is 
soluble in boiling water.— -The silver-salt is sparingly soluble in cold, much mO" 
soluble in boiling water, and crystallises in long needles on cooling. 

^B&CBXiO!BATB8. MClO® or M^CFO", according to the atomica^ 
metal.. Tlie general characters of these salts have been already described (see CfftoBOT 
OXYOEN-ACIDS OF, i. 910). 
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Perchlorate of Ammonium, NH^C10\ forms transparent rectangular prisms 
vith dihedral summits ; isomorphous with the potassium-salt (p. 37h ) ; a : b : c sa 
0.7026 ; 1 : 0-6409. Angle ooP : ooP (macr.) = 76° 41' ; Poo : P (basal) = 
77° 00 (Kopp). It is soluble in 5 pte. water, 8om<*what soluble also in alcohol. The 
solution when eva|)oratcd gives off ammonia and bromic acid. It is soluble in excess 
of perchloric acid, and is tlierefore precipitated by the latter. 

Perchlorate of Barium, Ba"CPO* obtained by saturating the acid with caustic 
kiryta or barytic carbonate, or by decomposing the zinc-salt with baryta-water, crystal- 
lises in long deliquescent prisms, easily soluble in water and in alcohol. Paper satu- 
rated with the aqueous solution burns with a green flame. (S e r u 1 1 a s.) 

Perchlorate of Cadm i u m. Cd"CPO“. Deli(ju escent, but crystallises when its 
iKjueons solution is evaporated by heat. (S e r u 1 1 a s. ) 

Perchlorate of Calc i u m. Ca"GPO*. V ery deliquescent, crystallises in prisms 
poluble in alcohol. (Serullas.) 

Perchlorate, of Copper, Cu"CPO*, form large blue deliquescent crystals. 

Basic Perchlorate of Cupr ammonium, (N’*K“Cu")"CPO‘*.2(NH^)HO « 

) N* 

Cu" obtained by dissolving cupric carbonate in perchloric acid, supersaturating 

with ammonia, and covering the solution with a layer of alcoliol, forms dark blue non- 
(Idifiuesceiit crystals which crumble to a green powder on exposure to the air. The 
(’onci*ntnited .Kpieons solution is completely deconqwsed by boiling into free ammonia, 
porohlorato of ammonium, and black oxide of copper. (Itoscoe, Ann. Ch. Pharm. 
oxxi. 346.) 

Perchlorates of Iron.- — The ferrous salt, Pe"CP()*, obtained by precipitating 
ferrous snljdiate with perchlorate of barium, forms long colourless needles which may 
!)(' exposed to the air for some time without decomposing, but ultimately turn yellow 
from Ibnniition of basic salt (Serullas). By dissolving metallic iron in dilute hydro- 
chloric acid, the salt is obtained in small, greenish-while, very deliquescent crystals, 
(■ouiaii)ijig Fe"Cl*0“.GTPO, which do not give off their water eitlu;r in vacuo over 
nil of vitriol or at 100°, but decompose at higher temperatures (Itoscoe). The ferrio 
sell is not known. 

'Perchlorates of Lead. — A solution of lead-oxide in aqueous perchloric acid 
\ields by spontaneous evaporation, a mass of indistinct sf)icnlav crystals of the neutral 
suit (rb"CFO'*.31PO, according to lioscoe), easily soluble in water, and having a 
sweetish astringent taste. Tlie crystals do not give off their w'ater in vacuo or at 100° 
(R os coo). On boiling the concentrated solution with a large exet'ss of lead-carbonato, 
and evaporating, indistinct lustreless crystals are obtained, wliich are resolved by 
water into a suluble and an insohible portion ; and the solution thus obtained yields on 
evaporation, a Pb"CPO".Pb"IPO“, in crystals of two diftereiit forms, one of 
which becomes dull wdicn taken out of the liquid, wdiile the other n'lnains bright and 
transparent. (Marignac, Bccherches sur Its formes crystallhics, &c., Gen^>vc, 1835, 
I>. 36.) 

Perchlorate of Manganese, Mn"Cl"0*. — ^Deliquescent, soluble in alcohol, not 
fiystallisible. 

Perchlorate s of Mercury, — The mercurous salt, Hg'ClO^SlPO (Roscoe), 
crystallises in small concentric nt^edlos which do not alter on exposure to the air at 
ordinary temperatures (Serullas), and do not give off their water in vacuo or at 100° 
(Roscoe). The mercuric salt, ITg"CPO*‘, crystallises when evaporated by heat, in colour- 
less, rectangular, very deliquescent prisms, which dissolve in alcohol, leaving a white 
siibstanco wliich turns red during filtration, and consists mainly of mercuric oxide. 

liquid filtered from this precipitate yields on evaporation a mixture of mercurous 
aud mercuric oxide. (Serullas.) 

Perchlorate of Potassium. KCIO*. — This salt is produced by the decomposition 
or the chlorate : 1. Chlorate of potassium is kept in a state of fusion till it begins to 
^‘'smne a pasty condition, or till about four litres of oxygen gas have been giv<?n off 
w every thirty grammos of the salt. The residue then consists of a mixture of per- 
chlorate and chloride of potassium : 

2KC10* - KC10< + KCl* + O*. 

contains undecomposed chlorate, a sample treated with hydrochloric acid will 
cx libit a yellow colour ; in this case the heating must be prolonged. On dissolving 
th saline mass in the smallest possible quantity of boiling water, and leaving 

solution to cool, porphlorate of potassium separates in small shining ciystals which 
be freed from chloride by recrystallisation. 
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2. Chlorate of potaesium is fused at a gentle heat, then introduced in as large mV 
as possible into a retort, and covered with three and a-half to four times its weight^ 
strong sidphuric acid. The previous fusion of the salt is necessaiy, to diminish th 
number of points of contact with the acid, and thus to moderate the action, which miri J 
otherwise become so rapid as to cause a dangerous explosion. As soon as the ni 
has ceased to give off a yellow gas, the retort must be plunged into water heated 
above 60®, and to such a depth as to warm only the saline mixture, not the gtie abov 
it. The saline mass becomes colourless after a while, and then consists of a mixture ( f 
acid sulphate and perchlorate of potassium, the latter of which may be crystallised 
boiling water and purified by reciystallisation as before. 

3, Perchlorate of potassium may also be obtained by heating the chlorate irtth strong 

nitric acid (Penny, J. pr. Chem. xxiii. 296). — 4. By electrolysis of the chlorate (Sta- 
dion). ' 

Perchlorate of potassium crystallises in limpid right rhombic prisms, ooP . poo 
latter often predominant ; also with oP and other faces. Ratio of axes a\b: 'c «= 
0*7817 : 1 : 0*6408. Anglo oeP ; ooP in the macrodiagonal principal section » 76° 2' 
Poo : Poo (basal) » 78® 41' (Kopp). The crystals are anhydrous but contain a littlo 
decrepitation-water. The salt has a slight taste like that of the chloride, dissolves in 
65 pts. water at 15®, in a much smaller quantity of boiling water, and is insoluble or 
very sparingly soluble in alcohol (Serullas). According to Ros ede, it is as soluble 
in absolute alcohol as carbonate of barium in water, but in alcohol containing a small 
quantity of acetate of potassium it is absolutely insoluble. When heated above 400® 
it is resolved into oxygen and chloride of potassium. It deflagrates slightly on red-hot 
coals. In consequence of the sparingly solubility of this salt in water, perchloric acid 
forma a precipitate in the solutions of nearly all potassium-salts, even of alum and 
tartar-emetic. 

"Per chlorate of Silver^ AgClO^ does not crystallise, but forms a white powder 
which deliquesces in the air and is soluble in alcohol. The aqueous solution turns 
brown in sunshine. The dry salt may be fused without much decomposition, and solid- 
ifies in the crystalline form on cooling ; but at a higher temperature it suddenly gives 
off oxygen, and leaves chloride of silver. (Serullas.) 

Perchlorate of Sodium^ NaClO*, maybe prepared by direct combination, or by 
heating the chlorate with strong nitric acid. It is deliquescent, soluble in alcohol, and 
separates from the solution in transparent laminae (Serullas); rhombohedrons 
(Penny). 

Perchlorate of Zinc^ Zn"CPO*, crystallises by evaporation in tufts of dob’quescont 
needles, soluble in alcohol. 

PfiBCBXiOBXC BTHBB. C^H^CIO*. Ethylic Perchlorate, PerchloraU of 
Ethyl. (Clark, Hare and Boyle, Phil. Mag. [3] xix. 370. — Ito-o^coe, Chem. Soc. J. 
XV. 213.) — This compound is best prepared by distilling a mixture of ethyl-sulphate 
and perchlorate of barium. An alcoholic solution of perchlorate of silver treated with 
ethylic iodide, even at •— 10®, yields merely perchloric acid and ethylic oxide, and on 
bringing perchloric acid in contact with alcohol or ether, a violent explosion generally 
takes place. 1 at. perchlomte of barium is rubbed to a fine powder with 1 at. crystal- 
lised ethyl-sulphate of barium ; and a small quantity of the mixture, not excee<ling 80 
grains (on account of the danger of explosion), is introduced into a small retort con- 
nected with a tube -shaped receiver surrounded with ice and heated in an oil-hath 
provided with a thermometer, by means of an Argand lamp, which can be quickly 
removed. A wooden screen with holes filled up with plates of glass must be placed 
for protection between the operator and the retort. No action takes place till the 
temperature rises to 100°, and so long as the water (of crystallisation) has not passed 
over, there is no fear of explosion. But above 100®, the heat must be very slowly 
raised to 171°, at which temperature the distillation comes to an end: 

C*H>®Ba"S*0® + Ba"Cl*0® = 2Ba"SO* + 2C*H»C10®. 

With perchlorate of potassium the operation does not succeed ; neither can the ether 
be obtained by the use of ethyl-sulphuric acid instead of the barium-salt. 

The perchloric ether collects in the receiver, covered with a layer of water. The 
water is removed, without taking the receiver in the hand, which might cause an ex- 
plosion— ^by means of a strip of paper moistened at the eni To preserve the per- 
chloric ether without danger, it mav be mixed with absolute alcohol ; for a mixture ot 
1 to 2 parts absolute alcohol with the perchloric ether obtained from 1 pt. ethyl-sul- 
phate of barium does not explode. Tjie pure ether may be again separated fioni this 
mixture by the addition of an equal .bulk of water ; the separation is however 
attended with loss, because the water exerts a decomposing action on the ether. ^ 
manipulations with this compound should be performed with gloves on hand, W 
mask with thick eye-glasses before the face. (Hare and Boyle.) 
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Bo 9 coe distils an intimiite mixture of equal weights (10 grms.) of the two salts in 

gniall retort heated in an oil-bath, the neck of the retort being bent downwards, and 
Tiiissing into a test-tube containing a small quantity of water. About 2 cub. cent, of an 
Jilv liquid heavier than water then passes over between 140<> and 160®, and at 170® 
trliite fumes of perchloric acid are given oflf. The oily distillate is purified by repeated 
vaflhing with water. 

Perchloric etlier is a transparent and colourless liquid, heavier than water, of agree- 
able odour, and sweet, afterwards bittor, cinnamon-like taste, insoluble in water, soluble 
in ether. At 100® it either explodes or swells up. It is the most violently explosive 
of all known compounds, tho explosion being induced by heat, friction, percussion, and 
often taking place without any external cause. When dry it explodes on being merely 
poured from one vt'ssel to another. The least drop explod<'d on an open porcelain basin 
^riimhlos it to powder. If the above-mentioned mixture of perchloric ether with 
alcohol be poured into a basin containing an equal quantity of water, the greater part 
of the hydratetl alcohol poured ofl’ fi-orn the drop of perchloric ether which falls to tho 
bottom, and the remaining liquid thrown on a wet filter supported by a wire funnel, 
fio that the watery liquid may run off, the drop of perchloric etlier which remains on 
tin* Hlter may be exploded by contact with a hot bo<ly or by the blow of a hammer. 
Its solution in a sufficient quantity of alcohol, however, bums away completely, when 
get on fire, without the least explosion. (IT are and Boyle.) 

Perchloric ether does not decompose wlien kept und(‘r water; but undergoes partial 
decomposition when separated by water from its alcoholic .solution. — Alcoholic potash 
added to the mixture of perchloric ether and alcohol instantly produces complete 
decomposition of the ether, and throws down a larger quantity of potassic per- 
dilorale. 

PERCHXiOSOPXiJLTZXfOCTAlifZSES. See Platinum, Ctakidbs of (ii. 

208). 

PERCBXiOROQxrznroxrs. See Quinone. 

PEBGHXiORORirBZiLPr. See Httutan. 

PEBCBEOROXinrA.FHTKBX.ZC AOZB. Sec Oxtnaphthalio Acid (p. 

313). 

PEBCTEXTB. A mineral, crystallised in cubes, from Sonora in Mexico, con- 
taining, according to Percy, chlorine, lead and co£)per, in the proportion 0-84 : 2*16 : 

0 77, whence be regards it as Pb^CPO.Cu*CPO.IPO. (Phil. Mag. [3] xxxvi. 131; 
Jahresb. 1850, p. 763.) 

PERSIRZBTE. An alkaloid occurring in the bark of Pao Pereira {Vallcsia 
mcdda\ an apocvanceous trt^o growing in the Brazilian fortjsts : it possesses febrifu- 
g:il properties. (Goos, Pharni. Ceritr. 1839, p, 610. — Peretti, Auuali medic, cliirurg. 
di Ivoma, i. fascic. 3.) 

PERXCEASE. Magnesia with 6 to 8-5 percent, ferrous oxide, occurring in cubes 
on Monte Soinma, disseminated through ejected inasscjs of a white lime-stono, and in 
of clustered crystals, sometimes with white olivine and earthy magnesite. 
(Damour, Ann. Min. [3| iv. 381. — Scacchi, J. pr. Chem. xxviii. 486.) 

PERZCEZHr. Syn. with Albite (see Felspak, ii. 621). 

PERZDOTB. Syn. with Oi.tvin (p. 201). 

.^^RnBORPHOBS CRYSTAES. Crystals consisting of an envelope of one 
mineral with a nucleus of another, the external fonn of tho crystal being that of the 
<jnvelop(? ; for example at Arendal crystals are found having the form of garnets and an 
external envelope of that mineral, while the interior consists of calcspar (Jahresb. 1868, 
P- 740; 1861, p. 965). 

^BRZOBZC ACZB. ■ See Iodine, Oxyoen-acids op (iii. 307). 

^BRZSTzmXTB. Albite from Perth, Lower Canada (see Felspae, ii, 622). 

^SBEXTB. Syn. with Pkablstone (p. 368). 

^ERMAErBirT mTBZTE. Sulphate of barium, used as a water-colour pigment. 

^BRMAZraAZrATSS. See Manganic Acids (iii. 819). 

BEROFBXZTB or PBROW8RZTB. Titanato of calcium, occurring in cubes 
•na other monometric forms at Achmatousk near Slatoust in the Ural (see Titanates). 

^BRowbxzbt. See Tmphylin. 

^**®*X1|RS. See Oxygen (pp. 304, 309). 
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PmSPXBATZOXr. (Favre, Compt. rend. xxxv. 721. — Schottin, Arch. Phy- 
Hlk. xi. 7.3.— Funke, Molesch. Untersueh. iv. 30.— Lehmann, Lehrb. ii. 326,jL 
Material passing away from the body by way of the skin. According to Sequin, the 
body loses by skin and lungs 18 grains per minute, of which 11 grains pass off by the 
skin and 7 grains by the lungs. A large portion heaves the body in a state of gas or 
vapour, constituting what is called the “insensible” perspiration. This consists 
mainly of watery vapour, the amount of which varies within wide limits according to 
the temperature and moisture of the atmosphere, the quantity and character of the 
food and drink taken, the condition of the body, whether at rest or at work, &c. It if, 
in fact this evaporation which regulates the temperature of the body. Besides watery 
vapour, “insensible ” perspiration contains carbonic acid, nitrogen (?) (see Respibation), 
and small quantities of volatile and odoriferous matters. 

That which remains on the surface of the body as a liquid fs called the “ sensible 
perspiration or sweat. It is said to be secreted by the sudoriparous glands of the 
skin, and also, according to some authors, by tho portions of skin between those glands. 
Over most parts of the body sweat is mixed with a fatty secretion derived from tho so- 
called sebaceous glands. 

This sebaceous secretion, which when gathered in masses forms tho vemix caseosa and 
smegma prtepuiii, consists principally of fatty bodies, palmitin, olein, with their soaps 
and cholesterin, a protein body resembling casein, extractives, and salts, viz. chloride 
of sodium, with earthy and alkaline phosphates. 

Sweat, when obtained in a tolerably pure state, is a clear colourless fluid with no 
morphological constituents beyond epidermic scales. When fresh, its reaction is acid, 
of variable intensity; but according to Favre, during a prolonged and copious sweat, 
the reaction, at first acid, becomes after a while neutral, and at last alkaline. Tho 
odour of sweat, often very marked, varies wdth the situation whence it has been ob- 
tained. The amount of solid constituents varies exceedingly ; in general it is in in- 
verse ratio to the rapidity of secretion, up to a certain limit, beyond which it remains 
constant. Funke gives 1‘18 per cent, as an average, 0*962 per cent, being the moan 
for the organic, 0*329 per cent, for tho inorganic substances. The total amount of sweat 
varies extremely. 

As normal constituents of sweat may bo mentioned — 1. Various acids; mainly 
formic, with butyric and acetic, and possibly propionic, caproic and caprylic. Tho 
existence of lactic acid (Berzelius) has been denied by later observers. — 2, Neutral 
fats, which, since they have been found in parts, such as the palm of the hand, d<?fitituto 
of sebaceous glands, must be reckoned as true elements of sweat; cholesterin, palmitin, 
olein, stearin. — 3. Nitrogenous bodies: the sudoric or hydrotic acid of Favre, urea 
(leucine, tyrosine?). Most observers have failed to find the former; the latter has boon 
determined by Funke, who found as much as 0'112 and 0*199 per cent, in a total dry 
residue of 0*696 and 0*790 per cent. Other inquirers also have detected urea in sweat 
(according to Meissner, the amount of it varies with the naturo of food taken), 
and yet Ranke failed to find it (see NurnmoN, p. 152). — 4. Salts: chiefly chloride 
of sodium, with chloride of potassium, alkaline and earthy phosphates, alkaline sul- 
phates, and a trace of iron. According to Schottin, there is also a colouring matter. 
The amount of epithelium is 0*42 per cent. (Schottin), or 0*206 — 0*233 (Funke). 

The following substances are said to have been observed at various times us abnor- 
mal constituents of sweat ; Albumin, urea (in large quantities in cholera), uric acid, 
oxalate of calcium, lactic acid, sugar, bile-pigments, indigo in blue sweat, black colour- 
ing matter in black sweat, and blood in “bloody sweat.” Benzoic (partly as hippuric), 
succinic and tartaric acids, iodine and iodide of potassium, have when taken interuallj 
been detected in the perspiration. M. F, 

PnSPZROmo JLCZB. Syn. with Sai.icyi.ic Acid. 

PBMinbPBZDSS, AMina-DZSVBPBOCARBOXrZC and 
BVBPBOCiUBBOirzC. See Sulfhocarbonic Ethers. . 

PBBSVBPBOCTAXflrZC ACZB. = Cy5'H*S». PerstUphocyanhydm 

OP Hydropersulphoci/anic acid. Sulphuretted Hydrosulphocyanic add, Hyaroxantnic 
acid, ( W 6 h 1 e r, Gilb. Ann. Ixix. 27 1. — W oskresensky, Traite de Chirm organiqvf 
par IAehig;\, 1912. — ^Liebig, Ann. Ch. Pharm., xliii. 96. — ^Vblckcl, Pogg. Ann.ta^ 
138 ; Ixi. 149 ; Ixii. 150 ; — Ann. Ch, Pharm. Ixxxix. 127.) — This body was discovers 
in 1821 by Wohler, but was confounded for some time with persulphocyanogen; tm 
the distinction between the two was pointed out by Woskresensky ^ 
Volckel. 

It is produced by the metamorphosis of sulpbocyanic acid, CyHS, under tne 
influence of mineral acids ; also, under certain circumstances, by the spontanecus decom- 
position of sulphocyanates : 
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3CyHS - CyH + Cy»H»S* 

Sulphocvanic Hydrocyanic Persulphocyanic 

acid. acid. acid. 

It ig prepared :—“l. By mixing a cold saturated aqueous solution of Bulphocyanate 
of potassium with from 6 to 8 times its bulk of strong hydrochloric acid. The mixture 
at first coagulates into a white gelatinous magma, which turns yellow in a few minutes, 
rives oif carbonic anhydride and hydrocyanic acid, after the lapse of an hour, and is 
converted into a mass consisting of a liquid and needles of persulphocyanic acid. The 
needles, if collected after 24 hours and washed with cold water, constitute the pure 
acid (Volckel). The decomposition takes place just as well with a dilute solution 
of sulphocyanate of potiissium ;■ but the separation of the needles is slower. — Another 
method is to saturate a solution of sulphocyanate of potassium in 5 parts of water, 
keeping it cold, with hydrochloric acid gas : the persulphocyanic acid then separates 
aft(T a while, on cooling, in the form of a yellow powder. If, however, the liquid be 
Kuifered to get warm from the tibsorption of the hydrochloric acid, part of the separated 
sulphoeyanic acid volatilises undecornpos(‘d ; the mixture likewise gives off carbonic 
anhydride after a while, sometimes also sulphuretted hydrogen and sulphide of carbon ; 
and there are formed in it, hydrocyanic acid, formic acid, and ammonia, by which 
pnjducts the yield of persulphocyanic acid is diminished, the amount of diminution 
being greater as the solution of sulphocyanide of potassium is more dilute, and its 
temp«‘i“.iturG rises higher (Volckel). — 2. Bypassing dry hydrochloric acid gas over 
molted sulphocyanate ot potassium contained in a tubulated retort, whereupon sulphide 
of carbon and hydrocyanic acid are evolved, and persulphocyanic acid sublimes. Tlie 
latter is purified by dissolving it in boiling alcohol, from which it separates out again 
on cool i n g. (L i e b i g. ) 

Persulphocyanic acid thus obtained is a pale yellow crystalline powder, tasteless 
jiiicl inodorous, nearly insoluble in cold water ^ sparingly soluble in boiling water, whence 
it separates in splendid yellow needles on cooling; soluble also in alcohol and in ether- 
Tlic solutions have a slight acid reaction, and form precipitates with the salts of many 
of the In^avy metals. 

rcrsulphocyanie acid decomposes at about 200°, giving off chiefly sulphide of 
carbon, and finally ainirionia and sulphur; if the heat has been rather strongs the 
rcsiduff consists of hydconiollone (iii. 874) ; if it has been lower, tho residue reacts like 
a mixture of sulphur and nielam. According to Gerliardt’s formula of melam and 
hydroincUono (iii. 860, 874) the decomposition may be represented by tho equations : 



Persuivihocyanlc 

acid. 

3CS* + 

Melam. 

and 

2C’N“H« =- 

Melam. 

3NH» 

+ C«N»H» 
llydromellone. 

or, accordiii 

g to Liebig’s formulae {loc. cit.') ; 



6C»N“mS» = 6CS* 

Persulphocyanic 

acid. 

+ s« 

-1- NH" + C«N"IP 

Melam. 

and 

C«N"IP = 

Melam. 

2Nn» 

Hydromellono. 


Small quantities of sulphydric and sulphoeyanic acid are likewise found among the 
products. 

Volckel, by heating persulphocyanic acid to various temperatures, obtained a 
number of brown or yellow amorphous residues, of varying composition, which he 
regarded as sulphides of peculiar radicles (jcuthencj melene^ xanthene^ &c.); but they 
Were probably nothing but mixtures. 

Persulphocyanic acid is but slightly attacked by hydrochloric add at common 
temperatures ; at the boiling heat, however, it is partly resolved into carbonic anhydride, 
simmonia, sulphydric acid, and sulphur : 

+ 411^0 = 2CO* + 2NIP + 2H‘S + S. 

Nitric aeid^ especially when hot, converts it into carbonic anhydride, sulphuric acid, 
ammonia. It dissolves, without alteration, in cold strong sidphuric acid, and ia 
reprccipitated by water ; but on boiling the solution sulphurous anhydride is evolved ; 
—Cidorine decomposes persulphocyanic acid, especially with aid of heat, forming 
chloride of sulphur, chloride of cyanogen, hydrochloric acid, and a brown-red body in- 
soluble in water. — By caustic alkalis it is gradually converted into sulphocyanate and 
tree sulphur: Cy^H^S® = 2CyHS + S. 

Persulphocyanatos. — The solutions of persulphocyanic acid in aqueous alkalis 
Djay bo regarded, when recently prepared, ns persulphocyanatx^s, though, as just 
observed, they are gradually converted into sulphocyaiiates. These solutions, as well 
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afl the aqueous acid, form yellow precipitates with »tannou8 chloride, ditprio sulphatt 
and nitrate of lead : with nitrate of silver a yellow precipitate which quickly d^m’ 
poses, with formation of sulphide of silver ; and with platinic cUoride a brownish-yellow 
precipitate. The salts of the other hea-vy metals are not precipitated by soluhle por- 
sulphocyanates. ^ ' 

Persulphocyanate of Lead. Cy*Pb''S*. — Obtained by precipitating a boiling aqueous 
solution of the acid with neutral acetate of lead ; resembles chromate of lead in external 
characters, and is perfectly insoluble in water, alcohol, and dilute acids. — ^With basic 
acetate of lead, a precipitate is formed containing Cy*Pb"S* Pb^O. 

PBRSlTLPBOCTAirOOSSr. C*N*HS» = Cv*riS»? PseudoetUphocyanogm 
Sulphide of Cyanogen, Cyanoxisvlfide. (Wohler, Oilb. Ann. Ixix. 271. — Liebig 
Ann. Ch. Pharm. x. 1; xi. 12; xxv. 4; xxxix. 199, 201, 212; 1. 337. — Parnell 
Rev. scient. v. 149.— Veil eke 1, Ann. Ch. Pharm. xliii. 80.; bucxix. 127 ; Pogg. Ann! 
Iviii. 146; Ixii. OOT'. — Laurent and Gerhardt, Ann. Ch. Phys. [3] xix. 98.~ 
J amieson, Ann. Ch. Pharm. lix. 339. — Gm. viii. 108. — Gerh. i. 447. — A compound 
produced by the action of chlorine or boiling dilute nitric acid on aqueous sulphocyanate 
of potassium. It is an orange-yellow precipitate, insoluble in water, alcohol, and ether ^ 
soluble in strong sulphuric acid, whence it is precipitated by water without alteration! 
It was formerly regarded as sulphocyanogen CNS, the radicle of the sulphocyiinates ; 
but its constitution is really more complex. The analyses made of it by different 
chemists also differ considerably, as will be seen by the following table : — 


Voickel. 



Liebig. 

Parnell. 

earlier. 

later. 

Jamieson. Laur. Gcr 

Carbon 

• * . « 

20*06 

19*93- 

20*20 20-31 

19*17 

20*45 

Nitrogen . 


23*23 

23*31 


22*36 


Sulphur 

65*84 to 66*1*5 

62*59 

62*68 

64*26 ’. ! 

60*88 

63-90 

Hydrogen . 

0*33 to 0*96 

0*92 

1*08 

0*90 0*91 

1*68 

0-66 

Oxygen 


3*20 

3*00 


6*01 




100*00 

100*00 


10^ 



All these analyses were made with persulphocyanogen obtained by the action of 
chlorine on aqueous sulphocyanate of potassium. — Liebig dried it in vacuo before 
analysing it, — Parnell dri(jd it partly over the wator-batb, partly at 242°, at which 
latter temperature a slight odour of cyanogen was apparent. — Vdlckel does not state 
the temperature at which his substance was dried. — J ami e son boiled the precipitate 
with water as long as anything was dissolved out, and examined the pure yellow 
powder which remained. During this boiling, the odour of cyanogen was perceptible, 
and the water dissolved sulpliocyanic acid, together with a small quantity of another 
sulphur-compound. As the preparation might have been decomposed during this long 
boiling, and moreover it is not stated how the Substance was dried before analysis, the 
analytical results are not much to be trust(?d, especially as the amount of oxygen 
comes out too great. This amount of oxygen is regarded by Liebig (Ann. Ch. Pharm. 
1. 337) as very problematical, inasmuch as, in the dry distillation of pseudosulphocyano- 
gen, no oxygenised product is obtained, except water. — Laurent and Gerhardt dried 
the portion of the precipitate which appeared under the microscope to bo^perfectly free 
from crystals (probably of persulphocyanic acid) for a long time, and at high tempera- 
ture. Their analysis, wliich agrees very nearly with the more recent analyses by 
Voickel, leads to the formula C N*ITS*(calc. 20'67 C, 24*00 N, 64*86 S, and 0*57 H), 
according to which persul{)hocyanogen is fo^ed from persulphocyanic acid by substi- 
tution of 1 at. cyanogen for 1 at. hydrogen. 

Persulphocyanogen wht?n heated gives off sulphide of carbon and free sulphur, 
leaving a residue of hydromellone : 

3CSN®HS» = 3CS* + S» + 

If moisture is present, ammoniacal products are also given off at the commencement of 
the decomposition. Chlorine acts on persulphocyanogen only at high temperatures, 
forming solid chloride of cyanogen, chloride of sulphur, and a residue of hydromellone. 

Persulphocyanogen dissolves easily in a solution of sulphydrate of potassium, yielding 
sulphocyanate and sulphomellonide of potassium, together with other products : 

2Cy?HS* + 3KHS + 2H’0 - 2CyK3 + Cy*H*KNS* + 8H*S + CO* + S*. 

Sulpho- Sulphomel- 

cjroaate. loulde. 

Persulphocyanogen dissolves slightly in ammonia CWohler); abundantly (Liebig). 
When boiled with potash, it forms a solution which gives with ferric salts the reaction 
of sulphocyanic acid. By triturating peraulphocyanogen with strong potash, adding ft 
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large quantity of water, then an excess of lead-acetate, and lastly sufficient acetic acid 
tfx nroduce an acid reaction, Volckel obtained a brownish-yellow precipitate, apparently 
|^Singof2Cy'Pb'’S»Pb”H*0» t . yy j 

Hydrothiocyanic add. — When persulphocyanogen is boiled with potash, and hydro- 
rhloi-ic aeid added to the solution, a yellow powder is precipitated which dissolves in 
42 pts. of boiling water, and th(5 solution forms with acetato of lead a yellow procipitato 
of hydrothiocyanata of lead, Cy’*HPb"S*0. The acid, Cy®H*S*0, may be regarded as 
formed from persulphocyanogen by addition of 1 at. H*0. The analysis of the yellow 
powder above mentioned does not however agree very well with this formula. (Parnell, 
Volckel.) 

pSBTBXTfi. Orthoclaso from Perth in Canada. See Fblspab (ii. 620). 

PSRV BAKSiLM. See Bai^sams (i. 496). 

PSRUBXC ACXB. An acid obtained, according to Unger (Pogg. Ann. Ixv. 
222), by gently heating guanine with a mixture of chlorate of potassium and liydro- 
chloric acid. It crystallises in shortened prisms with rhombic base, or in tufts of 
colourless crystals destitute of taste and smell. Contains 31-26 per cent, carbon and 
2-60 hydrogen ; ratio of carbon to nitrogen 10*4 ; whence it is probably C‘“H‘*N**0®.H‘0. 

PXSBITVXW. Syn. with Styuone or Cinnymc Ai.cohol (i. 992). 

PETAUTB. CcLstor . — A silicate of aluminium and lithium, also containing 
soilium, ill which lithia was discovered by Arfvedson in 1818. It occur.s massive, with 
ti]ipar«:‘ntly monoclinic structure, exhibiting three cleavages in one zone, affording the 
angles 117°, 142^^ and 101°, the cleavages inclined at 142° are the most distinct, 
ilardm’ss = 6 to 6*5. Specific gravity = 2*42 (Arfvedson); 2*45 (Clarke); 
2 I'ih (0. G. Qmelin). It has a vitreous and glistening lustre, pearly on the faces of 
jirrh'i t cleavage, and a white or grey colour, with occasionally a reddish or greenish 
tiiigi'. Streak white. Translucent. Fracture imperfect conchoidal. 

Wlu'ii heated before the blowpipe, either alone or with fluor-spar and acid sulphate 
oF ptjtassium, it colours the flame transiently red, behaving in other respects like ortho- 
It is not attacked by acids. 

Analyses . — I. From Utd: a. By Arfvedson (Sebw. J. xxii. 93): — b. By C. 
Onu'lin (Gilb. Ann. Ixii. 399); — c. TieiJdish; — d. Whitish, by Waltersh a uaen 
{Vulks. Gdst. p. 295); — e. By Hagen (Pogg. Ann. xlviii. 361); — f. Specific gravity 
2*447 — 2-455, by Raminelsberg (jhid. Ixxxv. 544). — 2. From Bolton, Massachusetts, 
by Smith and Brush (Sill. Am. .T. [2] xvi. 366). — 3. From Elba (the variety called 
Castor ; by Pluttner, Pogg. Ann. Ixix. 436, 443) : 






1. 



8. 

3. 


a. 

aT” 

c. 

rf! 

e. 

/. ’ 



Silica 

79-21 

74-17 

76*74 

74-60 

77-22 

77-79 

77-93 

98-01 

Alumina 

17-22 

17-41 

18-66 

16-94 

17-47 

18-68 

16-24 

18-85 

Lithia . 

6-76 j 

6-16 

2-69 

2-98 

2-67 

3-30 

3-63 

2-76 

Soda 



0-06 

2*29 

1-19 

0-50 


Lime 

Magnesia 


0-32 

0-62 

0-73 





, , 


0-10 

• 0-10 



0-24 


Ferric oxide . 



0-18 

0-16 



0-56 

0-61 

Loss by ignition 

• • 

2*17 

0*97 

0-92 

• • 

• • 

0-65 



102*19 

99-23 

99-96 

96-48 

99-65 

100-86 

99-75 

100-23 


According to these analyses, petalito may be regarded as 3(]VI'''0.2Si0®).4(Al*0®.6Si0*) 
er perhaps as 3(M®0. 3SiO®). 2( 2A*FO*. 9SiO*). Castor may be approximately represented 
ly the formula (Li”0.8Si0>).(2Ai’0> 9SiO») or by (Li’'0.2Si0*).2(AiW6Si0»). 

raXABITB. A resin obtained from the root of Thissilago petnsites. It is not 
altered by caustic soda. Its alcoholic solution mixed with mineral acids assumes an 
ememld-green colour, changing to blue in the case of hydrochloric acid. (Beinsch, 
N. Jahrb. Phaim. iv. 257.) 

An aUcaln'id, isomeric if not identical with totrylamine, 
occurring in the most volatile portion of bone-oil. (See Tetrylaminb.) 

J*®*OXi* C*H*®. (Bussenius and Eisenstuck, Ann. Ch.Pharm.cxiii. 151.) 
■^A hydrocarbon (not isolated) occurring in the petroleum of Sehnde near Hanover. 
® ^hlling the crude petroleum with steam at a pressure of 4 or 5 atmospheres, and 
cti^ng the naphtha which passes over, a portion is obtained boiling below 180° and 
nsifiting of petrol together with olefines and homologiu^s of marsh-gas. The petrol 
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cannot be separated by fractional distillation, but by treatment with a mixture of strcnft 
nitric and sulphuric acids, it may be converted into a ciystallme compound, viz. ; * 

Trinitropetrol, CTP(NO*)*.-— To prepare this compound, 2 pts. oil of vitriol 
1 pt. nitric acid of specific gravity 1-6, and 2 pts. of the above-mentioned distillate 
boiling below 180°, are disposed one over the other in layers in a tubulated retort, and 
left to rest for 24 hours. The action, which would be violent if the liquids were 
rapidly mixed, then takes place quietly, and trinitropetrol separates between the acid 
and the oil, as a crystalline mass, which, after the acid and oil* have drained off, is 
purified by washing with water and with lukewarm alcohol, and rqieated fractional 
crystallisation from hot alcohol, the portion which separates below 40*’ being each time 
collected apart. 

Trinitropetrol crystallises in needles and scales, the latter being formed most 
abundantly at comparatively low temperatures. It melts at 162°, solidifying again at 
1350 — 1400^ jt ig insoluble in water, soluble in ether, benzene, and cold alcohol^ more 
easily (to the amount of -Aj) in boiling alcohol. It is decomposed by a mixture of 
iron filings and acetic acid, but without formation of crystalli sable products. With 
alcoholic sulphide o f ammonium, it forms two compounds, one of which possesses distinct 
basic properties, viz. : 

Niiropetroldiamine, )1 | N®.-— When trinitropetrol is 

mixed in a retort witli alcoholic sulphide of ammonium and sulphydric acid gas is passed 
into the mixture, a largo quantity of sulphur suddenly separates, and nitro-petroldiamine 
crystallises out. The excess of sulpiride of ammonium and the alcohol are removed as 
completely as possible by distillation, and the nitropetroldiamino is purified by ex- 
hausting the residue with boiling alcohol, dissolving the crystals which separatcj there- 
from in dilute sulphuric acid,t precipitating tlio filtered solution with ammonli, 
repeating this solution and precipitation, and recrystallising the product from alcohol. 

Nitropetroldiamine crystallises in long orange-red monoclinic prisms, insoluble in 
water, sparingly soluble in cold, rather easily in boiling alcohol. ^ It begins to sublimo 
at 210°, melts at 215° (the fused mass solidifying in the crystalline form at the same 
temperature), and decomposes at a higher temperature, with separation of charcoal. 
Treated with nitrous add, it yields nothing but brown resinous products. 

Hydrochlorates of Hitropetroldiamine,^Ti)iQ salt, C®H‘*N®02.HC1, is obtained in 
crystals by heating the base with water and a quantity of hydrochloric acid not sufficient 
for complete solution, and leaving the filtrate to evaporate. A solution of the base in 
excess of hydrochloric acid yields the salt C®H‘*N‘*0-.2HC1. 

The chloroplatinate, C®H*‘N®0^.2IICl.Pt*»CK3lP0, separates on adding platinic chlo- 
ride to the solution of the last-mentioned salt, in golden-yellow six-sided microscojmi 
tablets, which dissolve easily in hydrochloric acid, are decomposed by water, with 
separation of the bjise, give off their crystallisation- water below 100°, and hydrochloric 
acid at a temperature a little above that point. 

Sulphates, — a. On boiling nitropotroldiamine with water, adding dilute sulpTiuric 
acid till it is completely dissolved, and leaving the solution to cool, the salt C®TI'*N'0^ 
S®IPO^ separates in rather large six-sided monoclinic prisms, which are decomposed 
by water. — i3. The mother-liquor of this salt yields by slow evaporation over oil ot 
vitriol, large transparent plates of the salt C®H*‘N*0*.2SH’'6*.2H*0, which gives off its 
water at 100°, and like the preceding, is decomposed by recrystallisation from hot 
water, yielding basic compounds. — y. On boiling nitropotroldiamine with a quantity of 
dilute sulphuric acid not sufficient to dissolve the whole, and filtering the solution 
hot, the filtrate solidifies to a mass of small yellowish laminae of the salt 2C*H“N“0 . 
SH*0*.2H*0, which gives off its crystallisation- water at 110°. 

TriethylnitropetroUiaviine, C”H“N’0» .= Thehydrio- 

date of this base, C'*H*’N®O^HI, obtained by heating nitropetroldiamino for sometime 
with ethylic iodide in a bath of boiling solution of nitrate of sodium, and purified hy 
recrystallising the solid part of the product from hot water, crystallises in red rhombic 
prisms with pyramidal faces. On ^ding ammonia to the solution of this hydriodate m 
hydrochloric acid, triethyl-nitropetroldiamine is precipitated in lemon-yellow ecalefl ; « 

• This oily liquid, after wathing with water, drying over chloride of calcium, left on 
thickish yellow residue which deposited nacreous crystalline laminn. These crystals exhiWteaoo 
occasion a melting point between and 156°, and a composition corresponding with the lonn 
C®H®( NO*)®, whence they appear to consist of the next homologue of trinitropetrol ; they also 
like the latter with sulphide of ammonium. in 

t There then remains undissolved an orange-yellow crystalline compound CIbH*®N« 0», insoluble 
water, alkalis and dilute acids, soluble In concentrated acids, and separable thereflroin oy wa ^ 
sparingly soluble In alcohol, ether, chloroform and sulphide of carbon ; melting at 191''— isjf^ .i,. 
Inning fn small quantity. When subjected to the action of dry hydrochloric acid gat, It lorni 
somewhat unstable compound Ci®H*®N®0».2HCl. 
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®®din ether, and sepanit«s from these aolutioiis on oraporation in oily 
Ijp,p8 which soUdifjr in the ctystalline form after some time only. The solution of the 
hise in hydrochloric acid yields, on addition of platinic chloride, the platinum-salt 
2(C'^H=“N*0*.HCl)Pt*’^Cl^ in tufts of slender golden-yellow needles. 


PBTR01B*ri8« The name applied by Boussingaultto the more volatile con- 
stituent of asphalt or bitumen (i. 426). See also V dlckel (Ann. Ch. Pharm. Ixxxvii. 
139 ; Jahresb. 1853, p. 524). 


PBT»OXinn«.. ^rth-oil, Naphtha, Maltha, Mineral Tar or Oil; Erd'ol, Steinol; 
Biturne liquide.-^A. variety of' liquids known by some one or other of the above names, 
aud corresponding with vegetal and animal oils in the characters of inflammability and 
iusolubility in water, occur in many parts of the esirtli. They all agree in possessing a 
strong bituminous smell, but differ considerably in other physical characters, being 
sometimes thin, transparent and pale coloured; sometimes viscid, opaque and black. 
There are also numerous varieties with characters intermediate between these extremes. 
The specific gravity varies from 0*8 to 1*1, and the colour is frequently brown or 
greenish. The name naphtha has generally been applied to the thinner and least coloured 
varieties of mineral oil, or to the more volatile portion of the distillate obtained by 
roffifying the native oil, while the darker and more viscid kinds have been termed 
macral tar, and the intermediate variefies petroleum. 

Tlio countries most famous for the occurrence of mineral oil are Persia, the Caucasus 
aiul (reorgia, Burmah, the West Indian Islands, and North America. It also occurs 
in the country to the north of the Danube, in Italy, Bavaria, Hanover, Zautc, Switzer- 
China, India, and to some extent in England and bVancc. 

Clieniically the substances known by names of naphtha, petroleum, &c., are all very 
olosi ly allied, inasmuch as they consist for the most part of oils differing in density and 
volatility. The older analyses of these mineral oils were made without any further 
jittcinpt at separating the substances they evidently contained in a state of mixture, 
tlmn merely rectifying the oil and treating it with sulphuric acid. They sufficed, how- 
ever, to establish tlie fact that the constituents of petroleum were essentially com- 
jiounds of carbon and hydrogen ; but the chemistry of tlie hydrocarbons was so slowly 
developed, after the time when Faraday demonstrated tho existence of numerous com- 
pounds of this kind, and petroleum was so little used, that scarcely any progress was 
iiiiide towards a knowledge of its constitution until quite recently, since the extensive 
application of this material to useful purposes has caused greater attention to bo 
directed to it. 

A thick black Taricty of petroleum, occurring between Peklenicza and Moslowina in 
Hungary, was examined in 1788 by Winterl, who found that it yielded by distillation 
a colourless oil, a yellow oil, and a buttery mass. (Crcll’s Clieni. Aiinal. i. 493.) 

A dark brown Galician petroleum of specific gravity 0 943, was examined in 1791 
by Martinovich, who obtained from it by distillation, a yellow oil of specific gravity 
O'Sll, and two darker oils of specific gravity 0-867 and 0'961 respectively (Crcirs 
Chem. Annal. i. 72). In 1817 Saiissure published an account of his investigation of 
the native naphtha of Miano, in the Duchy of Parma, which was used at that time for 
lighting the streets of Genoa. lie described it as being a transparent, yellow, thin 
liquid, of()'836 specific gra\nty, with a strong, persistent smtdl, separable by distillation 
into a colourless, lighter and more volatile portion, and a heavier, less volatile portion. 
The former ho termed rc?ctifiod nupditha. It had a specific gravity of 0*768, with only a 
slight evanescent odour, was entirely volatile at the ordinary atmospheric temperature, 
unalterable by exposure to light and air, and little acted on by strong acids. It mixed 
in all proportions with absolute alcohol, and dissolved in seven parts of alcohol of 
specific gravity 0 8 3 5. Caoutchouc macerated in this rectified naphtha without heat, 
swelled t-o at least thirty times its volume, but after forty-eight hours the naphtha con- 
tained only a seven-thousandth of its weight of caoutchouc. (Bibl. Univ. and A.] 
U-. 116.) 

In 1829 Unverdorben obtained from Persian petroleum similar products by dis- 
tillation, and inferred that it consisted of a mixture of several oils, together with a small 
quantity of a kind of solid fat (paraffin ?), resin, and an indifferent coloured substance. 
(8ehwelg. Jour. Ivii. 243.) 

Christison and Gregory in 1831 examined the petroleum of Rangoon. It was 
of a buttery consistence at ordinary temperatures, of a dark brown colour with a tinge 
®^tid a specific gravity of 0'880, They separated it by distillation into three 
different portions, and extracted paraffin from it. See Paraffin. (Trans. Roy. Soc. 
Edmb. xiii. 118, 124.) 

,Blanchet and Sell in 1833 obtained similar products from Persian petroleum, 
oil of specific gravity 0*749, boiling at 94° C, and three oils boiling at 
187 and 220° respectively. (Ann. Ch. Pharm. vi. 309.) 
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In 1836 Kobell examined the petroleum from the Trtgeim pike in Bavaria, 
by the name of Quirinus oil, and separated from it a perman^tly liquid oil, and another 
which partly solidified when cooled to 6<>. (J. pr. Chem. viii. 306.) 

A thick brown petroleum from Niebylow in Galicia, examined by Torosiwiecz, had 
a specific gravity of 0-960 and became perfectly liquid only at 6 1®, piother kind from 
Truscawice was of specific gravity 0-890. (Repert. Iv. 16 ; Ixi. 398. J 

Hess described the petroleum of Baku at the same time as having a specific gra- 
vity of 0-835, begining to boil at 140° and yielding by fractional distmation oils which 
had no fixed boiling point. iPogg. .^n. xxxiv. 417.) ^ i. i j ^ 

In 1840 Pelletierand Walter, by repeatedly rectifying tbilfc jKwrtion of the Miano 
petroleum which distilled between 130® and 270®, obtained an oil Vhich they called 
naphtha., boiling at 83®-^8®, to which they gave the formula C»H»“ ; also an oil boil- 
ing at 116®, whieh they cabled naphten and an oil boiling at 19® which they 

called naphtol (C"H'*), aud they regaraod these pUs as the constituents of petroleum. 
J. Pharm. xxvi. 540.) * . - . 

In 1848 and 1849 Ur e and Mansfield examined a variety of mineral tar from a 
coal mine at Alfreton in Derbyshire. The specific gra\'ity was 0-900, and it consisted 
chiefly of liquid oils boiling at temperatures above 300®, presenting in its characters 
some resemblance to the oil ' or tar distilled from bituminous shafe. (Pharm. J. 
Trans, vii. 485 ; Chem. Soc. Qu. J. i. 249.) 

Besides these investigations, several analyses of petroleum and of the products 
obtained from it by fractional distillation had been made, the]i^ultsof which are given 
in the following table : 

Analyses of Petroleum and its products. 


1 Kind f f petroleum . 

Carbon. 

Hydrogen. 

Boiling point. 

Authority. 

Miano , 

(Rectified) 

* ( products) 

87-21 

85-65 

12- 79 

13- 31 


Saussure. 

Persian * 

, Rectified 

85-92 

12-12 

. . 

Dumas. 

Persian • 

( Rectified ) 

• } products) 

83-88 

86-43 

14-29 

13-06 

94®) 

216®) 

Blanchet and 
Sell 

Baku 

( Rectified f 
* t products! 

79-82 

to 

86-85 

13- 20) 
to y 

14- 61 3 

various 

Hess. 

Miano 

. Native 

86-58 

13-17 




/ 

85-30 

13-40 

100°— 116®] 


Pelletier and 

Miano • 

(Rectified 1 

84-60 

13-40 

115®— 120° 


* ) products I 

86-80 

13-30 

1200—130® 


Walter. 


85-60 

13-40 

140®— 150® J 





These results did not advance the knowledge of the constitution of petroleum much 
beyond the point whore it was left by Unverdorben in 1829, viz. that it was a 
varying mixture of liydrocarbon-compounds with pitchy or asphaltic substances dis- 
solved in it to a greater or less extent, and that elementary analysis was of little utility 
until some means had been found of separating the individual constituents more com- 
pletely. (Schweiggor’s Journ. ix. 29.) 

In 1867 De la Rue and Muller published the results of their examination of 
Rangoon petroleum, showing that it contained hydrocarbons of the benzene and 
series, but consisted chiefly of compounds which were not acted upon by concentrated 
nitric or sulphuric acid. (Proc. Roy. Soc. viii. 221.) 

Risenstiick examined tlie petroleum of Sehnde (Hanover) in 1868, and came to 
the conclusion that the oil obtained by distilling the crude petroleum with 
and boiling below 180®, consisted of a mixture of polymeric hydrocarbons C"H. 
homologous with ethylene, together with petrol C“H*®. (Ann. Ch. Pharm. cxiii. 151.) 

According to Uelsman,on the other hand, the products obtained l^Eisenstiick Irom 
this petroleum, and boiling between 136® and 146°, correspond with the tormubi 
(Ann. Ch. Phjirm. cxiv. 279.) 

Freund and Pebal examined Galician petroleum, and came to the conclusion that 
it contains substances belonging to at least three different series, via. homologues of 
ethylene, which are not acted upon by concentrated sulphuric acid at the ordinary tem- 
perature, homologues of benzene, and homologues of phenol. (Ann. Ch. Pharm. cxv. W 

The most important investigation of petroleum is that recently made by 
and Cahours (Cktopt. rend. liv. 124, Ivi. 606, Ivii. 62). They operate 
petroleum which has been brought in lar^e quantity from Pernisylvania } 

last few years, fmd succeeded in obtaining from it twelve diiihct Kquio njiiW' 
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pjirbons, which they consider to be homologues of marsh-gas (Hydrides, iii. 181). 
besides the solid hydrocarbons known under the name of paraffin (p. 342). 

Koniilcis has also shown that this petroleum probably contains the lower members 
of this series, correspond^g to ethyl and trityl, and gaseous at ordinary temperatures 
(Cliem. Soc. J. xviii. 529'L Schorlemmer has stated that it also contains small 
ouautities of benzene and its homologues, but those substances were not found by 
Pelouzc and CflrhourS. 

These results show that American petroleum probably consists chiefly of homologues of 
marsh-gas, and those which have been isolated present the following characters : 


Formula. 

Specific gravity. 

Boiling point. 

Vapour-density. 

Authority. 

cm" 

gaseous 







gaseous 





Ronalds. 

cm*® 

0*600 at 0° 

0© 

4® 

2*110 



cm»a 

0*628 


30® 

2*638 



C"H*‘ 

0*669 


68® 

3*060 



cm*® 

0*699 

92° 

94® 

3*616 



C®H** 

0*726 

116® 

118® 

4*009 



C«H“ 

0*741 

136® 

138® 

4*641 



C'"fl” 

0*767 

160® 

162® 

6*040 


XT eiouzo 
and 

C’'H2« 

0*766 

180® 

184® 

6*458 


Cahours. 

cm™ 

0*776 

196® 

200® 

6-972 


C.3H'« j 

0*792 

216® 

218® 

6*669 



Ciqp. 

, , 

236® 

240® 

7-019 



C'm« 1 

• • 

255® 

260® 

7-523 j 


• i 


Amfrican petroleum contains, besides these substances, other oils of much higher 
boiling })oint and of a specific gravity above 0*870 ; other kinds of petroleum ^so 
(oiilain oils of still greater density, sometimes considerably above 0*000, but it has not 
yet been ascertained whether these are homologties of marsh gas. It is probable also 
thut most kinds of petroleum contain olefines to some extent, or at least analogous oils 
viiii h combine with concentrated sulphuric acid ; but in most instances the homologues 
ofiinirsh gas appear to constitute the chief bulk of petrohaim. 

The siiiiilarity existing be-tween peti-olcum and the oily tar obtained by destructive 
(lisriilalion at toniporaturos below full red heat, as regards the chemical nature of the 
substances contained in these products, renders it highly probable that petroleum has 
Iniai formed by the d(‘C()m position of vegetal and animal remains, and that its origin 
IS in some w'ay connected with the formation of coal and otliei: bituminous minemls 
from similar materials ; but it is not evidtmt what may have beem the precise mode in 
whidi this change has taken place. The opinion which has generally been entertained 
as to the origin of petroleum, is that it has been formed by the action of heat upon 
eoal beds situated beneat li tli<3 earth’s surface, that is to say, by a process of carbonisa- 
tion or de.structive distillation. The long recognised and obvious analogy between 
t iu! various kinds of pel roleum and tho oily jiroducts resulting from tho action of heat 
upon vegetal and animal substances has hitherto been the chief gn )und for that opinion, 
and tho still closer resemblance which has since been found to exist between certain of 
fln'so materials in the chemical nature of their constituents, would tend to increase the 
I’rohnhility of its being correct, if there were not other facts wliich throw some doubt 
upon the formation of petroleum from coal by an atdual process of destructive distilla- 
tlT n instance anthracite — which from its being the kind of coal containing 

10 smallest amount of bituminous or volatilisable substance, would bo most likely to 
the residue of such a process — does not present any indications of having been 
|xposed to such a temperature as is requisite for volatilising petroleum or for expelling 
L .^^®^nous substance from other kinds of coal. 

was induced to consider this subject from its connection with his study 
not ® phenomena of destructive distillation. The petroleum he examined ^d 

obt- P^^^affin, and observing some other differences between tho oily tar he 
con'll specimens of petroleum he hud examined, he 
also t t there was an essential difference between these substances. Referring 
to n petroleum had never been met with where coal beds were subjected 

trol of heat by underground combustion, he was led to doubt whether true pe- 

in this way from the decomposition of coal. In the year 1833 he 
abrti,* distilling coal with water, an oily liquid was obtainable, to the extent of 
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to the petrolPiim of Miano and of Persia, while at the same time it smelt like fume 
tine oil. Arguiiiir from the assumed identity of petroleum and the oil thus 
from coal, without decomf)osition as he supposed, together with the equally erronoi 
assumption of an essential dissimilarity hetwoen petroleum and the oily tar obtained b** 
carbonising coal, he came to the conclusion that the commonly received opinion as 
tihe origin of p('troleuin was erroneous, and was dispo.sed to regard it, not as a product 
of the decomposition of coal, but as an actual constitutmt of coal, and in fact as beinfr 
probably the turpentine oil of primaival pine forests. Hence he inferred that cod 
could not liave been exposed to a temperature at all approaching that requisite fop 
carbonisation, but that the petroleum it contained was expelled merely by the action of 
8uc}> a moderate heat as might prevail at no great depth bidow the surface. (Scliweif> 
Jour. ix. 19.) ' 

The discovery of paraffin and eupione in the petroleum of Rangoon showed that so 
far as those could be regarded as being exclusively products of destructive distillation 
Reichenbach’s conclusion did not apply to all kinds of petroleum. Hence Gregory 
and Kobell adopted the opinion that petroleum containing those substances was at 
least a product of destructive distillation. 

It has also beeu suggested somewhat vaguely that petroleum may have been formed 
by the combination of carbon with hydrogen at considerable depths below the earth’s 
surface under the inlluenco of volcanic heat and great pressure (Virlet, Bulldin de la 
Soc. ffeol.ir. 203 ; Verne nil, ihifl. [2] i. 800 ; Lecoq, Les Eaux ynineralenconsid^nrs 
da7is Imrs liapjmrts avee la Chiiuic et la Gkologu\ 143 et scq.\ It is possible that by 
the reaction of water and carbonaceous substances under certain conditions, hydrocar- 
bons might be formed, a nd B e r t h e 1 o t ’ s synthetic production of hydrocarbons ( 

T(nd. xliii. 200) rerub^rs it probable that petroleum may in some instances have 
originated in a similar manner, though the precise nature of such modes of formation 
is not yet known. B. H. P. 

PSTROSX&EX or Adinole. — Compact impure felspar, like the base of porphyry. 
It differs from jasper, which it often rc8emble.s, in being fusible before the blowpipe. 
Specific gravity 2'60 to 2*60. (Dana.) 

PETITN'TZE. {Pvh~f un~tsz,) — A felspathic rock consisting largely of quartz, used 
in China to mix with kaolin for the manufacture of porcelain. 

PETZZTE. Telluric silver. (See Tkj.lurium.) 

PSXrcspAKTZir. Imperatorin. C'HT'^O*. (Sell 1 att er, Ann. Ch. Pliarm. v. 205. 
— Dobereiner, ihld. xxviii. 288. — Plrdmann, J. pr. Chem. xvi. 42. — Bo the, ihkl 
xlvi. 371. — Wagn ei*, ihid, Ixii. 275; N. Jahrb. Pliarm. ii. 83; xiv. 15.) — Aneulnil 
substance contained in the root of masterwort Odriithiumlu^ Feveedanvm 

Ostruthiurn^ Koch), and of other umladliferous plants of tlie peucedaneous tribe. It is 
prepared by exhausting the root of masterwort witli boiling alcohol, evaporating tho 
extract, washing the residue wnth water and with alcohol, and crystallising it from 
ether, whieh leaves undis.solved a resinous sub.slance wherewith the peucedanin is 
contaminated. 

Peucedanin crystallises in light, trail .sparent, colourless, shining prism.s, grouped in 
tufts. It melts at 75® without loss of weight, and concretes again but slowly, yield- 
ing at first a transparent syrup whicli then solidifi»*s to a w'axy mass. It does not 
dissolve in watfr, either liot or cold; it is sparingly soluble in cold, more soluble in boil- 
ing alcohol ; tlie solution lias a persistimtly acrid taste, and does not act on vegetable 
colours. Peucedanin is very solubh' in clhrr, and in oils both fixed and volatile. 

Peucedanin gives by analysis from 69*6 to 7 IT percent, carbon and 6*8 to 6‘5 hy 
drogen, agreeing nearly with the formula which re(]uires 70*6 per cent, carbon, 

5*9 hydrogen and 25‘5 oxygen. This formula is confirmed by the reaction of peucedanin 
with potash, whereby it is resolved into angelic acid and oreoselin (p. 215) : 

+ H20 = CHI»0* + CTPOV 

Peucedanin. AnK^lic Oreoselin. 

add. 

Peucedanin is insoluble in adds, and is not acted upon at ordinary temperatures by 
sulphurio, hydrochloric or ax^ttic acid. Strong nitric add. dissolves it with aid of heat, 
converting it either into nitropeucedanin or into oxypioric and oxalic acids. It is 
composed by chlorine and iodine. The alcoholic solution is precipitated by certain 
metallic nalts, the acetates of lead and copper for example. 

Iditropencedanin, C'®H'*(NO*)0* (Bothe, loc. dt.), is produced by beatmj! 
peucedanin to 60® with nitric acid of specific gravity 1-21. The resulting yelwj* 
solution solidifies on cooling to a crystallised mass which may be purified by cry®!®;*' 
lisation from alcohol. Nitropeucedanin forms colourless scales moderately 
alcohol and ether, nearly insoluble in water. It melts and decomposes at 100°. Wne* 
heated to 100® in dry ammonia gas, or treated with ammonia and alcohol, 
into nitropeutfedamide (probably « C‘’H"(NO*)0< + Nfl* - 
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vrliicli crystftlliseB from boiling alcohol in shining rhomboiVjal prisms very soluble in al- 
^•.)hol and ether, insoluble in water, and decomposed by weak acids or by caustic potash 
into iiitropeiioodanin and ammonia. 

PElTCYIi- Syp. with Tbrbkilene. 

PKACOIiXTaB. A variety of chabasite from LcYpa in Bohemia (i. 841). 

pBACOlffXW* An albuminous sxibstance constituting the inner portion of the 
crystalline lens of the eyes of fishes (ii. G15). 

PKJEOBBTIEr.^ C*«H®0'?— A brown resinous substance obtained by Sc hlosa- 
herger and Ddpping (Ann. Ch. Pharrn. 1. 207) from rhubarb-rcot. To prepare it 
thfl root is exhausted with alcohol of 60 — 80 per cent. ; the evaporated extract is treated 
with water which dissolves only part of it ; the undissolved portion, after being com- 
|ik‘t(>ly dried over the water-bath, is dissolved in the smallest possiljle quantity of alcohol 
of 80 por cent.; the solution is precipitated by ether, and the precipitate again treated 
with alcohol of 80 per cent, whereby it is separated into insoluble aporetiii (i. 3;52) and 
a solution which when evaporated leaves phieoretin. 

Phfcorotin when dined and pulverised forms a yellowish-brown pow'der, having no 
taste of rliubarb, very slightly soluble in ivatt'r, easily in alcohol and in alkalis, from which 
latter solutions it is precipitatt'd with yellow colour by most mineral acids ; it dissolves 
Jiowcver in acetic and in concentrated sulphuric acid. Its compounds witli the alkalis 
hav(! a det'p red-brown colour. AVhen heated on platinum-foil it melts, giving off 
yellow vapours having a faint odour of rhubarb, and burns away without leaving a 
trace of ash. The solution of phieorctin in ammonia forms with acetate of lead a violet- 
red precipitate which appears to decompose during washing. 

PHJCOsxxr or PBJE08XC XLCZ]>« A constituent of the pericarp of bay -berries 
(iii. 477). 


PRARlMCACOCiliXiCITEi Syn. with OniVENiTB. 

PHABlVCACOXiZTE. Native calcic ansonate, occurring sometimes in distinct mono- 
clinic prisms, but more frequently in delicate silky fibres, acicular crystallisations or 
Rtellate gi’oups ^ also botryoidal and stalactitic, sometimes massive. Hardness = 
2— 2'fii. Specific gravity 2*64 — 273. It has a vitreous lustre, white or greyish 
colour, sometimes tinged with red from admixture of arsenate of cobalt; streak white. 
Translucent to opaque. hVacture uneven. Thin laminae flexible. It is insoluble in 
water, hut easily soluble in acids. 

Anah/ses.~a. Irom Wetticben in the Black Forest (Klaproth, Bdtrdge, iii. 277). 
—h. From Andreasberg in tho Harz (John. Chtm. Unters. ii. 221). — c. tiocality un- 
known (Turner, Pogg. Ann. v. 188). — d. From Gliicksbrunu in tho Thiiringerwald 
(llamm els berg, ibid. Ixii. 150). 


Arsenic anhydride 

50*54 

Lime ..... 

25*00 

Cobaltic and ferric oxides 


Water 

24*46 


10000 


b. 

c. 

rf. 

46*68 > 

79*01 

(51*58 

27*28 ( 

i 23*69 

, 

, 

1*43 

23*86 

20*99 

23*40 

96*82 

100*00 

Too1)o 


Theso analyses lead to the formula 2Cu"0.As-0*.6n“0 (calc. 51‘16 As^O®. 24*87 Ca"0 
find 23 97 water), or 2Cu"HAs0k6H*0. Tho cobalt in tho last is probably due to 
admixture of cobalt-bloom. 

Phamiacolite. is also found at St. Marie aux Mines in the Vosges, at Riechelsdorf 
and Ihober in ITessia, and at Joachimsthal in Bohemia; it occurs in association with 
tirsf-nical ores of cobalt and silver. 

J^icropharniacoUte from Riechelsdorf, containing 46*97 per cent. As^O* 24'66 lime, 
3*22 rnugnosia, 1*00 cobalt-oxidc, and 23*98 water, is probably pharmacolite having tho 
Inno partly replaced by magnesia. 

^BABMACOSZSEBZTE. Syn. with Cubb-obe (ii. 171). 

^BasboZiIJS. See Bean (i. 624). 

PRASSOXBAirXirZTE. See Inositb (iii. 274). 

p ^^SASAlfT. In the egg-shell of Phasianus colchictis, B. Wicke (Ann. Ch. 

harm. exxv. 78) found 93*33 per cent, carbonate of calcium, 0*66 phosphate of mag- 
*ie8ium, 1-37 phosphates, and 4*64 organic matter. 

PR&ITACZTB or PBEir AXZTB. A silicate of glucinum, occurring with em- 
^•ild in Perm, Ilmen Mountains, and with quartz at Framont in Alsace, in rhombo- 

edral crystals with scalenohedral and prismatic faces. R : R *■ 116° 40'; oK : B 

c c 2 
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« 142° 41'; length of principal axis = 0*66. Cleavage imperfect parallel to Rn <1 
ocTl2. Twins also occur, wit h face of composition parallel to ooR. Hardness - « 
Specific gravity = 2 969. The crystals are transparent to opaque, colourless f 
bright wine-yellow colour inclining to red, and with vitreous lustre. Fracture sirn’l- 
to that of quartz. Infusible j)er se before the blow-pipe ; forms colourless glas 
with fliixJ'H ; molts to a milk-white bead with a small quantity of sodic carboliatp* 
forms a tumefiod infusible mass with a larger quantity. Not attacked by acids a 
specimen from the Ilmen Mountains was found by Hart wall (Pogg. Ann. xxxi 57\ 
to contain 55*14 silica and 44*47 glucina (= 99-61 ; a specimen from Alsace analysed 
byBischof xxxiv. 625), gave 64*40 silica, 45*57 glucina, and 0*09 lime and 

magnesia — results agreeing nearly with the formula 2Be*0®.t3Si0* or 2G''O.SiO* == 
0*SiO^ (see Glucinum, ii. 849), which requires 53*96 silica, and 46 04 glucina. 

PBEVTAIISliZK’Z:. A name given to aniline-violet by Sch eurer-Kestner 
(Jahresb. 1860, p. 728) who regards it as rcdated to aniline in the same 

manner as 

naphthameine (oxynaphthylamine) to naphthylamine. 

FRElTAlliKYXiOXi. Phenate or Phejiylatk of AiiYii. (See Phenol, p. 391.) 
PHSHTATES. See Phenyl, Hydhate of. 

PREXTETOXi. PuENATE of Ethyl. 

PBSlorolTE. Syn. with Muscovite. 

PBEXrZC ikCZS. See Phenol. 

PBEBZeZBE. A colomdng matter produced by the action of nitrosulphuric acid 
(a mixture of strong nitric and sulpliuric acids) on phenylic alcohol. The acid ig 
added in successive portions to crystallised phenylic alcohol, the mixture being cooled 
after each addition, as long as red vapours continue to escape. The acid liquor is then 
poured into a large quantity of water, and the resulting precipitate is washed with 
water and dried. 

Phcnicine is a brown amoq:)liiou8 powder, sparingly soluble in water, easily soluble 
in alcohol, ether and acetic acid. Alkalis likewise dissolve it easily, imparting a fiiio 
violet-bluo colour, whicli however is changed to brown by the least excess of acid. It 
dissolves also in lime-water. It melts and turns black at a moderate lieat. It is a 
mixture of two colouring matters, one yellow, the other black, both of which however 
possess the same tinctorial properties. 

Plienidiie, like the aniline colours, dyes silk and wool without the intervention of a 
mordant. A piece of silk or wool dyed with phcnicine suiquirt's a fine garnet-red 
colour on immersion in a solution of chromate of potassium, or Ixjtter, of chromate of 
copper acidulated with sulphuric achl. Nitrate of copper produces the same effect but 
with less intensity. Cotton mordanted with starmato of soda or with tannin easily 
absorb.s phenicine, and acquires a deep purple colour on subsequent immersion in hot 
potassic chromate; but the colour is changed to blue by alkalis, and easily destroyed 
by scrap. 

Strong nitric acid converts phenicine into a resinous paste which dissolves in am- 
monia, forming a brown solution which dyes silk and wool somewhat like archU. 
(E. Dolfus, Bull. Soc. Chim. 1865, i. 226.) 

PBEBTOZC iLCZB. — An acid isomeric with collinic acid (i. 1083), pro* 

duced by heating a solution of benzenein a slight oxces.s of fuming sulphuric acid to 100°, 
then diluting with water, and gradually adding small pieces of acid potassic chromate. 
The distillate contains phenoic acid, partly dissolved, partly fioating as an oil, and in 
crystals. It is distingui.shed from collinic acid by its greater solubility in hot water. 
Its silver-salt contains C‘‘IHAgO’'. (Church, Chem. Soc. J. xiv. 62.) 

An acid of the same composition and doubtless identical with the preceding is 
obtained by distilling coal-tar (containing toluene, xylene and pseudocumene) with 
dilute nitric acid. This acid melts at about 60°, but occasionally remains liquid at 
ordinary temperatures, especially when not quite pure. It has an acrid taste, is heavier 
than water, mixes in all proportions with alcohol, is only slightly soluble in cold water, 
more soluble in boiling water. From a saturated hot solution it separates while cooling 
M a heavy oil which sometimes solidifies immediately. It is slightly volatile, covering 
itself with beautiful crystallisations even at or»linary temperatures. When boiled with 
water, it volatilises to a considerable extent. It can be distilled jper se without decom- 
position, and forms well crystallised salts with the alkalis. (D e La Ru e and MU Her, 
Gbem. Soc. J. xiv. 64.) 

Nitropkenoic acid^ C®H*(NO*)0* is produced by oxidising nitrobenzene with siilphwc 
acid ana potassic chromate. It crystallises in nacreous laminm, has a strong acid reaction, 
melts without decomposition, dissolves in boiling water, and yields crystallisable salts. 
(Church.) 
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C‘H'0 =1 H 5 ■%'*'•«<« of Phenol. Phenylie alcohol. Phmte 

add. CarMic acid. Coal-tar cremate (Ru nge, Pogg. Ann. xxxi. 69; xxxii. 308— 
Laurent, Ann. Ch. Pliys. [3J in. 1J5._W illiamson and Scrngham, Chem. Soc. J. 
vii. 23*2).— This compound IS containod in considorable quantity in coal-tar (Ru litre 
Laurent), and is produced by the dry distillation of salioylic arid, either alone or in 
contact with caustic lime or baryta (Gerhardt, Rev. scicnt. x. 210) : 

Cai«0* = C«II«0 + CO*. 


It is also formed in the dry distillation of gum-benzoin (E. Kopp) of the resin of 
Xanth/yrriM JMstihs, of qiiinic acid (Wdhlcr), of chromate of pelosine (Rddekcr 
j). 372), and is found in small quantity among the product.s obtained by passing tlio 
viipoiir of alcohol or acetic acid througli a red-hot tube (Rerldiolot). It is to phenol 
th-At castoreurn owe.s its peculiar odour (W dli 1 or). 'J’he urine of the cow, of the Jiorse 
Mild of man contain sensible (juantitiea of phenol (Stiideler, Ann. Oh. Piiarm. lx vii' 
m ; Ixxvii. 17). CoriiTnercial creosote often eoiisisls alino.st entirely of [ilienol, liut tho 
true creosote, obtained by the distillation of wood, is a totally dilfercnt substance (ii 10.3) 
Prcparalion. 1. From Coal~^ar.—.Tbe tar is distilled till anthracene begins to pass 
over; the resulting oil is rectified, collecting apart the portion which distils over 
Ix twcoii 150° and 200° ; this portion is mixed with saturated potash-ley and imlverisod 
hvclrateof potassiuni, wliereby it is immediatedy converted into a wliite crystal line magma ; 
this substance is dissolved in hot water ; the oil which rises to the surface is removed ; 
the lower alkaline liquid is neutialised with hydrochloric acid ; the impure hydrate of 
plKiiyl, whic.l) rises to the surface as an oil, is washed with a little watiir, digested over 
chloride of caleium, rectified sev<*ral times, and gradually cooled to —10° in a closed 
v..sstd; and the re.siilting crystals of pure phenol are freed from the rornainiiig 
tliiid portion by inverting the bottle over another, care being taken to exeludo 
the air which might give up wsiter to the crystals (Laurent). The tedious 
fractional distillations involved in this proce.ss may bo con.siderably abridged by intro- 
ducing into the portions which boil between 186° and 188°, a few crystals of pure 
rhcnol; a large portion of the liquid then solidities after awhile in colourless 
needles, which, winm separated from the liquid, distil at 184° and yield a sublimate of 
j'lire phenol. (Williamson and Scrugham.) 

bind, si one (Chem. News, ii. 98) r<!Commends placing good commercial carbolic acid 
lur some days in contact w'ith a lump of chloride of calcium and then leaving the plienol 
l() eiyst:dbs(! out in a freezing mixture, lie is of opinion that the cresol or cresylic 
Ji eoliol likewise jiresent in crude carbolic acid is converted into phenol by contact with 
clilurido of calcium or chlonMe of zinc. 

2. Irem Salici/lic acid . — Crystallised salicylic acid is strongly and quickly heated in 
a glass retort eith(*r alone or mixed with pounded glass or quicklime. Phenol then 
passes into the receiver and crystallises on cooling almo.st to tho last droi). The pJienol 
tliiis obtained appears howeviT to differ in some of its properties from that obtained 
mm eoal-tar ina.smuch as it cry.stallises more readily and reacts somewhat differently 
witti pcntachloride of phosphorus (p. 390). 

Properties. Phenol crystallises at ordinary temperatures in long colourless needles 
Hpparently belonging to tho trimetric system, and having a specific gra'vdty of 1-065 at 
(l.aurent), 1-0627 (Scrugham). It melts at 34°— 35°, andboilsat 187°— 188° 

I yiuront); 184° (Scrugham). The crystals of phenol obtained from coal-tar 
^iquasce easily to an oil by taking up a mere trace of water (Laurent); a lump of 
(j, V i^”i<'diately (Gerhardt). Phenol pro- 

( et >y decomposition of salicylic acid is much loss deliquescent than that obtained 
IT T (Watts). Phenol docs not redden litmus. It smells like wood-tar 
111 !) ^ ^ • Jittacks the skin like that sub.stance. Its aqueous solution coagulates 

^i^mnien ; it unites with certain animal substances and preserves them from decompo- 
(if J*'.’ f<;ttioving tho fetid odour from meat and other substances already in a state 
leeches die when immersed in the aqueous solution, and 
r bodies subsequently dry up on exposure to the air, without putrefying. 
ifkc *. *^1 sparingly soluble in vmter, but dis.solves in all proportions in alcohol^ 

strong acetic acid. When shaken up with 4 pt. of water and exposed to a 
c-r>Tll-^.^'’® 4°, it takes up water and forms a hydrate 2C“H«O.H-0, which 

readily in large six-sided prisms belonging to the trimctric system, and 
j>h”^ Chem. Soc. J. xviii. 66.) 

distilled without alteration over melted phosphoric acid, also over 
'•WMic potash, baryta, or lime. 

^**®"°* passed through a red-hot tube undergoes veiy little de- 
however a small quantity of naphthalene (Hofmann). — 
^Z^^iphuric acid dissolves it with great rise of ton-iperaturo, but without colora^ 
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tion, forming p henyl-sulphuricacid. It reduces mercuric oxide at the boiling h 
separates metallic silver from the nitrate, and reduces peroxide of lead to protoxT* 
Heated with arsenic acid^ it forms a yellow substance called xanthophenip o 
(F. Fol, Eip. Chim. app. iv. 179.) 

:i. Strong nitric acid attacks phenol with great violence, each drop as it comps 
contact with the phenol, hissing like red-hot iron piung('d into water; the product 
at the boiling heat istrinitrophenicorpicricacid, CTr’‘(N0*)*0 ; a less enemt* 
reaction produces mono- or di-n it rophenic acid (p. 393). ° 

5. CUwine, and bromine likewise act upon phenol, forming ^Jubstitution-product^i 
possessing acid characters (pp. 391, 392). ^ 

C. When chlorine is passed into phenol which is kept cool ; and the product treitpi] 
with three times its weight of strong nitric acid, di in troch lorophenic ari l 
C^H^C^N 0^)20, is produced. (Griess, Ann. Ch. riiarm. cix. 286.) 

7. PJienol is scarcely, if at all, attacked by iodine, but with chloride of iodine it foi-ma 

mono- and di-iodophenic acids. (Schiitzeiiberger and Sengonwald Coni-jt 
rend. liv. 197). ’ r • 

8. Chloride of tJdonyl, S0C1-, acts strongly on phenol di.ssolved in ether, eliminatin F 
considerable quantities of hydrochloric and sulphurous acids, but does not appear til 
form any plicriylic sulpdiate. 

9. A mixturo of hydrochloric acid and potassic chlorate converts phenol, first into 
trichlorophcnic acid, and subsequently into perchloroquinone orchloraiiil 
C®Cl^O*. (See Quinonh, Derivatives of.) 

10. Pentachloride of phosphorus converts phenol into chloride and phosphatH 
of phenyl. With phenol from coal-tar the products are chloride of phenyl and tiv 
phcnylic phospliate (Williamson and Scrugham), perhaps thus : 

6(C«H*.H.O) + 2PC1» = 2C«IPC1 + P(C«IP)®0« + PCPO + 6HC1; 

but with phenol from salicylic acid, an acid phosphate is obtained, which forms siiita 
with metallic bases, and probably consists of diphenylic phosphate: 

6(C«H*.H.O) + 2PCP « 3C«IPC1 + P(C‘*fP)*HO" + PCPO + 4HC1. 

This acid phosphate crystallises much more easily than the neutral triphenylic phospliate 
(H. Watts, unpublished experiments). See Phosfhohio Ethers. 

11. With chloride of hemoyl, phenol forms phenylic benzoate, C^H^(C®1J*)0* 
(i. 553). 

12. Cyanic acid vapour passed into perfectly dry phenol converts it into allo- 
phauateof phenyl, CTP(C'‘'IP)N'‘*0*, which crystallises from hot alcohol in 
slender, unctuous, tasteless, inodorous crystals, insoluble in cold water, resolved at loO^ 
into phenol and cyanuric acid, and converted by alcoholic potash into allophanate of potas- 
sium, by baryta- water into allopbanato of barium. (Tuttle, Jahresb. 1857, p. 451.) 

13. Phenol does not dissolve in aqueous ammetnia, but it absorbs ammonia gas, and t ho 
solution when heated in a sealed tube is partly converted into water and aniline: 

C«n«0 + NH* = H«0 + C«n^N. 

^ 14. Phenol is attack<‘d hy potassium or sodium, slowly at first, more quickly when 
aided by a gentle heat, hydrogen being evolved, and phonate of potassium or 
sodium produced. (Laurent.) 

15. When carbonic anhydride is passed into pure phenol gently warmed, and sodium 
is added by small portions, hydrogen is evolved and salicylate of sodium » 
formed. The reaction is the converse of that by which phenol is produced from 
salicylic acid. (Kolbe and Lautemann, Jahresb. 1859, p. 309; 1860, p. 291.) 

Phe NATES. — 1. Metallic . — Phenol unites with the stronger bases, but the com- 
pounds are very unstable and difficult to obtain in definite form. Indeed phenol has, 
in properties as widl as in composition, the character of an alcohol rather than that of 
an acii It dissolves in caustic potash, but the quantity dissolved does not increase in 
proportion to the quantity of potash present (Calvert, Chem. Soc. J. xviii 68); it 
also dissolves carbonate of potassium, but without expelling carbonic acid. Phenol 
does not unite with the acid sulphites of tlie alkali-metals, and therefore does not 
behave like an aldehyde, in which character Gmelin is inclined to regard it (Handbook, 
xi. 146). 

Innate of potoissium is produced, as already observed, by heating phenol with 
potassium ; also by dip^ combination of solid potash with phenol. The oily liquid 
formed in either case deposits the potassium-salt on cooling in white needles very 
soluble in alcohol, ether, and water, and decomposed by mineral acids with separation 
of phenol. (Laurent.) 

Phenate of barium, C*^H*®Ba”0*. 311*0, is obtained by boiling phenol with baryt*'* 
water and evaporating in vacuo, as a crystalline crust containing 42*48 per cent, birytu. 

Phenate of lead, obtained by boiling phenol with litharge and adding a few drops oi 
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alcohol to the product, is a white mass containing, according to Calvert, C‘’^H‘-02.2Pb"0 
or C'‘'H"’Pb''0‘.Pb H“0'. It is slightly soluble in hot alcohol, and separates on 
cooling* With basic acetate of load, phenol forms precipitates of uncertain composition. 
(Calvt'i’t*) 

2. Alcoholic Pkenates^ Phmic Kthers. — a. Mtthi/Hc Phenate ot Anisol has 
bern already described under the latt(»r naint', togotlier with its bromo- and nitro- 
(Krivativos, and the bases formed by the action of reducing agents on the latter 
(i. 301-306). 

Elhylic Phenate, Phnietnl or Saliihol, C’‘JI'®0 = C“H»(C’H‘*)0 (Cahours, Ann. 
Ch.Phys. [3] xxvii. 4G3.--i3aly, Ann. Oh. Pliarm. Ixxiii. 208).— This compound is 
by the dry distillation of juiifcctly anhydrous ctiiy 1-salicylate of barium, the 
oily distillate being purified by washing with warm alkaline ley, digesting with fused 
chloride ot calcium, and recl.ificatiou. It is a colourless, mobile liquid, ligliter than 
watt% liaviug an agreeable aromatic odour, instiluble in water, very soluble in alcohol 
iiiid ether, boiling at 172‘^. It is not altered by potash. Eniphitric acid converts it 
into a sulplio-acid forming a soluble buriuin-salt. With chlorinv and bromine it forms 
crystallisahle products. It is strongly attacked by fuming nitric acid, tlie products 
v’Mryiiigiii composition according to tlie proportions used; with a small quantityoftho- 
;icid a reddish- }>rown oil is obtained, probably consisting of iii o no n i t roph c n eto 1 ; 
[jilt on boiling oMiylic phenate wdth an excess of the fuming acid, d i ni I roplicn e tol, 
obtained (see page 399). 

y. Aoiiflic Phenate or Phenamylol, = C«1P(C'^IT>')0 (Cahours, Compt. 

rend, xxxii. Gl). Obtained by heating amylic iodide with potassic plmnate to 100*^ — 
IJO^ in a s(ail<!d tube. It is a limpid colourless oil, lighter than water, having a 
densant aroinafic, odoiir, and boiling between 221° hjhI 225°. It is attacked with great 
d«h.iu:e by fuming nitric acid, forming a heavy t)il, wliich, wlicn treat, ed with alcoliolic 
udphidc of anmionium, yields a crystallised base (arnyl-uitrophonidine, or nitro-phon- 
imylidinc) ca[)iih]c of forming crystallisable salts. Plnmamylol dissolves in sulphuric 
icid. forming a nul liquid, which gives no precipitate with water, but forms a crystal- 
isablo bai'ium-salt. 


PHIEiroXff SZSRXVATXVBS OX*. One, two, or three of the hydrogon- 
itoms in phenol may bo rcphiceil by bromine, chlorine, iodine, or nitryl, forming 
■oin{)()unds which have more and more of an acid character as the substitution is more 
lompletc. 


1. Bromopihenofs or liromophcnic Acids, 

Monobromoplienlc acid. C®H''*BpO. Ilro/nojjheriasic acid (Cahours, Ann. Ch. 
’Iiys. [3] xii. 102). — Obtained, as a colourh3ss oil, by distilling bromosalicylic acid 
vitti a mixture of sand and carbonate of barium. 

Bibromophenlo acid. 0®H.^15r’*0. Bromophencsic acid. — Obtained in like 
nannor from dibromosal icy lie acid, as an oil which crystallises on cooling. (Cahours, 
oc. cit.) 

Tribromoptieiilo acid. C®H"Br*0. Bromophenisic or Bromindoptio acid, 
Laurent, Ann. Ch. Phys. [3] iii. 211. — Erdmann, ,T. pr. Chem. xxii. 272. — 
■ ahours, loc. cit.'). — Ifiieuol immersed in excess of bromine bt'comos strongly heated, 
fives off hydrobroniic acid, anti solidifies oji cooling to a brown mass, which must bo 
►oiled with water and ammonia ; the solution subsequently filtered from a small 
luantity of brown matter, and decomposed by hydrochloric acid; and the thick pro- 
ipitate of tribroraophenic acid washed on a filter (Jjaurent). — 2. Trihromosalicylic 
oiu, distilled two or three times with fine sand and a small quantity of baryta, also 
U‘lds tribromophenic acid (Cahours). — 3. When indigo is di5composed by bromiue- 
►'ater and the product subsequently distilled with potash, bromaniliue passes over, and 
ribromopheiiic acid remains behind. (Erdmann.) 

Inbfoniophenie acid crystallises by fusion or sublimation, or frfim solution, in deli- 
■'fie white needles, or right rhombic prisms, haring the acute lateral edges truncated, 
oop : ooP= 128°; ooP : ooPoo = 116°. It is fusible, crystallises on cooling, and 
distilled without decomposition; smells like trichloropheuic acid. It is sonio- 
► I'd less soluble in alcohol than the latter, Wlien boil(?d with nitric acid, it forms at 
a reddisli resin, which gradually disappears, and ou evaporation, crystals of picric 
‘-lu are obtained. 

llie tribromophonatos, when heated to redness, generally leave a metallic 
romido, and give off tribromophenic acid (?). 

ammoniuyn-^salt crystallises in needles. Its solution forms with concentrated 
barium or chloride of strontium^ a precipitate composed of needles ; with 
aciitate of lead, a white precipitate ; with cupric acetate, a red- brown prccipi- 
soluble in alcohol; and with nitrate of silver ^ an orange-yellow precipitate. 

^stance isomeric mth tribromophenic acid. — concentrated aqueous solution ol 
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salicylate of potassium, mixed with a small quantity of potash, and then with a W 
quantity of bromine, becomes heated and decolorised, gives off carbonic anhydride^! 
soon deposits a kermes-browii substance, which is insoluble in water, ammonia cold 
potash, and alcohol, but dissolves with extreme facility in ether; it contains, ’aftpr 
washing and drying, 22-19 per cent. C, 71*8 Br, and 0*88 H; and, when heated,’ giveg 
off white vapours, which condense into delicjite white needles of tribromophenic 
(Cahours, Ann. Chim. Phys. [3] xiii. 43.) 

2. Chlorophf nola or Chhrophenic Adda, 

Dloblorophenlo acid. C^TT^CPO. Diohinrocarholic acid. CJdorophnesic acid 
(Laurent, Ann. Ch. Phys. | 2] Ixiii. 27 ; [3] iii. 210.) — This acid is produced: 1. by 
the comparatively feeble action of chlorine on phenol. — 2. By distilling dichlorosalicylic 
acid with fine sand and a small quantity of lime or baryta. It may be prejuind 
from the impure phenol which passes over between 170° and 200° in the rectification 
of coal-tar naphtha. Por this purpose chlorine is passed through the yellowish oily 
distillate for a day, and the liquid, cooled to —10°, is strained through linen to separat e 
the naphthalene which has crystallised out: chlorine is then again passed for two days 
through the liquid, which is then cooled to 0° decanted from crystallised hydrocliloiuto 
of dichloronaphthalene, and distilled (whereupon it froths up considt>pably,giniig offa 
largo quantity of chlorine;, and afterwards hydrochloric acid) till the tliick black residue 
exhibiLs considerable intumescence (tetrachloronaphthalcuie then sublimingin needles) ; 
the distillate is shakiui up in a l>ottIe with oil of vitriol as long as hydrochloric acid 
continues to escape; the rose-colonred oil of vitriol (which deposits a stinking substance 
when noutralised), is removed by a syphon; the i-omaining oil is washed with a lan,ro 
quantity of water, and mixed in the flask with ammonia, with which it solidifies com- 
pletely into a white mass, with slight rise of temperature ; this mass is boiled with 
water; the solution decanted hot from a brown oil, which is again to be treated with 
ammonia, and then with hot water to remove the acids completely ; the hot filternl 
aqueous solutions, containing di- and trichlorophenato of ammonium, are mixed by drops 
with dilute iiifric acid till a slight turbidity is produced ; the liquid is flltored from the 
red-brown precipitate ; the filtrate preci})ituted with a slight excess of nitric ac*id; the 
white precipitate, which is gelatinous at first, but afterwards curdy, and consists of fine 
needle^!, collected on a filter, and distilled after washing, pressing, and drying; and the 
distillate boiled with a slight excess of aqueous carbonate of sodium, which leaves behind 
the oily dichlorophenic acid, while the crystalline trichlorophonic acid is precipit.ated 
from the filtrate by nitric acid, and purified by distillation. (Lanrent.) 

Dichloroplionic add is an oil which volatilises without residue, lias a peculiar odour, 
is insoluble in watr.r^ but dissolves very easily in alcohol and fthcr. With aqueous 
am.7no7iia it immi‘diatcly solidifies into a cry-stalline mass, which, howcA’er, on ex- 
po.sure to the air, gives off ammonia and becomes oily, but solidifies when again treated 
with ammonia. The solid salt is soluble in water. 

Trlcliloroplienlc acid. C"H’C1*0. Trkhlorocarholic, Chlorophenisic or Chlxh 
rindopUc acid. (Laurent, Ann. Ch. Phys. [2 j Ixiii. 27; [3] iii. 497.) — This acid is 
formed by the action of chlorine on phenol or dichlorophenic acid ; of chlorine in 
presence of water, on indigo, aniline, and saligenin ; and of a mixture of hydrochloric 
acid and potassic chlorate, continued for a short time only, on phenol. 

It may bo prepared : 1. From coal-tar naphtha, either by the method just described 
with reference to dichlorophenic acid, or blotter, by repeatedly distilling the commercial 
oil obtained from coal-tar, collecting apart the portion which boils between 170° and 
190° ; separating it out from the naphthalene which crystallises out in the cold ; 
passing chlorine gas through it for a day or two according to the quantity ; distilling it 
till nothing but a carbonaceous residue is left (whereupon hydrochloric acid is given off and 
a very offensive odour emitted), the receiver being changed at certain stages of the pro- 
cess, and the first and last portions of the distillate set aside ; passing chlorine through 
the middle distillate till it solidifies into a crystalline paste ; purifying this mass from 
adhering oil by spreading it on paper and pressing it ; dissolving the crystalline mas^ 
which, besides the trichlorophcnic acid, likewise contains a little oil and crystalline 
chloralbin (C®C1*H*) — in boiling water containing ammonia; filtering; dissolving m 
water the trichlorophenate of ammonium which has crystallised out on cooling ; mixing 
the solution with hydrochloric acid to precipitate the trichlorophenic acid ; and pun- 
fying this product by washing, drying, and distillation. (Laurent.) . . 

2. From Saligenin. — When chlorine gas is passed through an aqueous solution of 
saligenin, the bottle being frequently closed and shaken, the liquid immediately becomes 
turbid, then deposits a yellow, afterwards reddish, and finally orange-yellow ^fitAlhne 
resin, and a white, bulky, c^stelline precipitate. To free the entire precipitate 
a closely adhering reddish oil, it is distilled throe or four times with oil of vitriol whicn 
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. jj,pg t.]ie. oil, with ovolution of sulphupou.s und hydrochloric acids, and uUimatoly 
tric'Uowp'**"® acid distils over. (Piri.i.) 

'^From Indi[Jo> — When chlorine-gas is passed through water in which indigo is 
f nuioJ, yellowish-red magma is distilled, with cohobation of the watery 

crystalline sublimate is obtained, consisting of trichloraniline and tri- 
acid ; and when this mixture is distilled with potash, the trichlora- 
pjmse.s over, while crystalli.sed trichlorophcnat.e of potas.sium remains behind, 

^ with free potash. This residue is pressed, exposed to the carbonic acid in the 
dissolved in the smallest possible quantity of boiling alcohol, and loft to crystallise 
niter filtration ; and from the aqueous solution of the capillary crystals thus obtained, 
iliP trif:ldoroplienic acid is precipitated by acids. (Erdmann.) 

Trichloroplienic* acid crystallises from solution — best from rock-oil — or by sublima- 
tion in very slender silky needles or in right rhombic prisms, gorn'rally exliibitiiig the 
combination caoP . ootoo . oP. Angle ooP : ooP = 110'^; ooP : coY^oo = i4/>° 

It molts at 44° (Laurent); 68° (P i r i a), and solidities on cooling to a radiated nuass of 
liot dlos. It boils at 260° and distils without alteration. It has a very penetrating and ■ 
inrsistent odour, and is easily sot on fire, burning with a green-edged smoky llanic and 
emitting hyd rocldoric acid vapours. It is insoluble or nearly .so in waUr, but dissolves 
in oil proportions in ahohol awd ether ; it dissolves also in oils, both fat and volatile ; 
easily also in warm/wm?»// sulphuric acid, with which it solidifies to a mass of needles 
on cooling. Boiling nitric acid converts it into a reddish substance (called chlorophmi/l 
by Laurent and containing 37‘8 per cent. C, 1*92 IT, and 54*3 Cl), which bccome.s 
crystalline by prolonged ebullition. Trichlorophenic acid bcated with chlorate of 
potassium and hydrochloric acid is converted into percliloroquinono or.ehluranil : 

C«1PGP0 + CP + O C^Cl'O + 3HC1. 

The trichlorophcnatos give off trichlorophenic acid by dry distillation, leading 
n metallic chloride and charcoal. They burn with a smoky green-edged fiainc. l^itric 
Hcid added to these solutions, throws down tlie trichlorophenic acid in the form of a 
bulky mass. (L a u r e n t. ) 

Amm.onhm~salt~~n\ii solution of the acid in aqueous ammonia, yields needles which 
have a slight alkaline reaction, and subliino completely when exposed to the heat of the 
sun, but by dry distillation in a retort, are partially resolved into nitrogen, ammonia, 
trichlorophenic acid, dichlorophenic acid, and sal-ammoniac. The salt dissolves very 
sparingly in cold, very easily in hob water, or in water containing alcohol (Laurent). 
potassium and sodiitm-salls form very slender needles. 

Th(! hariur/i-saU is obtaiiuid as a white gelatinous precipitate on mixing a concen- 
traled solution of th(5 ammonium-salt with chloride of barium. Dilute solutions yield 
DO precipitate, but if both solut ions arc boiling and concentrated, the trichlorophcnato 
of barium separates in long needles. 

The ammonium-salt throws down from concentrated (not from dilute) solutions of 
rA/er/We o/ and likewise of a white, jelly ; it precipitates neutral acetate 

of lead ferrous-salts, white ; /crr/c reddish ; cobalt-salts, reddish; nickel- 

salts, greenish ; cupric salts, brown-red (dark purple violet, .according to Erdmann ami 
Hofmann), the precipibite dis.solving with brown colour in hot alcohol, and crysUllising 
on cooling in brown, shining, oblique r<JCtangular prisms ; mercurous nitrate, white, 
according to Erdmann ; mercuric chloride, yellowish-wliite, curdy ; and nitrate of 
sil rer, lemon-yellowish. The silver* salt thus obtai ned has the composition AgCTO. 

(Laurent.) 

Pentachloroplienic acid. C®HC1*0. Perchlorophenic, PerchlorocarboUc, Chloro- 
pkvi/sic or Chlorinated Chlorindoptic acid. (Erdmann, J. pr. Chem. xxii. 272. — 
Laurent, Ann. Ch. Phys. [3] iii. 497.) — Produced by the action of chlorine on au 
alcoholic solution of triclilorophcnic acid, chlorisatin, or dichlorisatin (iii. 406, 408). 
To prepare it, chlorine is passed into boiling alcohol of 80 per cent, containing chlori- 
s«Uin or dichlorisatin in suspension or solution, till the thick oily precipitate thereby 
produced no longer increases. This precipitate is washed with water (to extract sal- 
anmioniac), and exhau.sted when cold with alcohol, which leaves undissolvod the greater 
part of the pcrcliloroquinone (chloranil) formed at the same time; the alcoholic 
solution is mixcjd with water which tlirowsdown a resinous substance, and this precipi- 
tate is dissolved in hot caustic potash. The solution thus obtained deposits on cooling, 
^’jystals of potassic pentachlorophenate, which is purified by recrystallising it several 
times from potash, wherein it is but slightly soluble. 

Hentachlorophenic acid precipitated from the potassium-salt by hydrochloric acid 
forms white flocks, which when dissolved in rock-oil, separate in right rhombic prisms, 
truncated on the acute lateral edges. Anglo ooP : ooP = about lll)°. It is lewi 
fusible and less volatile than trichlorophenic acid, but may be sublimed in long nee dles 
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by distillation witli water. Its odour is liko that of trichiorophenic acid, but more 
agreeable. 

Vvntachhmyph yiaU uf Ammonium ioriSi^ groups of lamiuje, sparingly soluble in 
The crystallises in necHlleH or rhombic prisms. The solution does no 

precipitate (he salt of calcium or magnesium ; but forms a wliite flocculeiit preoipii ,t^ 
with chloride of hariuni ; browuish-whito witli iron-salts ; rtjddi.sh witli nitrate of cohdt - 
greeiiisli with nitrate of yiickel ; dark violet-purple M'itli cuyric sulphate; whilo tloci-ul 
lent with mercuric nitrate, or chloride ; yellow with nitrate of silver. Tho silver-salt 
thus formed contains C“AgCr‘0. 

3. lodophenoU or lodophenic Acids. 

Tho mono- and di-iodated compounds are produced, with copious evolution of hy. 
drochloric acid, by tho action of chloride of iodine on piienol. Tlie solution of iha 
residue in soda- ley yiehls, on addition of hydrochloric acid, a grtyish-white viscid boily 
’ which when heated umler the ordinary atmospheric pressure, is resolved into a kivii 
quantity of iodine androsolic acid, but when distilled in a vacuum, yields liquid uiouo- 
and di-iodoplieiiol containing a small quantity of rosolic acid. 

Mono-io do phenol^ CTI’TO, is colourless, syrupy, insoluble in water., soluble in 
alcohol and ether^ and forms with alkalis, crystallisabie salts W'hich are soluble in puie 
water, but insoluble in strong potash-ley. 

J)i-iodophenol^ CTl'l-O, is a colourless solid, wliich melts at about 110°, dissolvcH 
sparingly in water, and crystallises from hot dilute alcohol in slender flattened ncocllcs. 
It dissolves in alcohol, ether, mid alkalis, forming with the latter, compounds which an 
soluble in water, but insoluble in strong poUisli-iey. When heated it gives off iodiiu 
and leaves rosolic acid. (8 c h ii tz e n b e r g e r and Seng e n w a 1 d, Compt. rend liv. I'j;, ) 

4. Nitreyphcnols or liitrophenic Acids. 

Witrophenle aold, 0'*IP(N 0‘'')0. NitrocarhoUc acid. (IT o f tn a n n, Ann. Ch. Pham. 
Ixxv. 358; ciii. 217. — Fritzsche, Petensb. Acad. Bull. xvi. 11; J. pr. Chem. Ixxiii, 
293; Jahresb. 1857, p. ,453.) — This acid is p>rodiiced by tlio action of nitric acid on 
phenol, and by that of nit ixms acid upon aniline. When nitric oxldci gas is passed into 
a solution of aniline in strong nitric acid, a brown resinous mixt uro is foniied con- 
taiuing crystalline nitropheuic acid, a brown amorphous substance, and a trace of 
phenol. Nitropheuic acid is also obtained in small quantity by distilling aniliiuj with 
dilute nitric acid. (IT o f m an n.) 

IWeparationf rom Phenol. — To obtain nitrophcnic acid free from di- and trinitrophcnic 
acids, the action of the nitric acid must be carefully regulated. h"op this puriioM- 
Hofmann mixes phenol and tho strongest nitric acid by small quantities, keeping the 
whole well cooled by a freezing mixture ; then adds water, and distils the resulting 
mixture of water, oil and resin; or he distils a homogeneous mixture of phenol ami 
water with ordinary nitric acid, whereupon the liquid suddenly turns brown, a a:«h 
B eparates from it, and yellow drops of nitrophmiic acid pass ovo. with the watoTy 
distillate and soon solidify in the crystalline form. Fritzsche dissolves 2 pts. i»f 
pure phenol in 100 ptii. boiling water, adds 3 pts. of fuming nitric acid of spccitic 
gravity 1'61, and distils. At first the nitropheuic acid acid passes over in oily di\>|'s 
which ultimately solidify ; afterwards as an aqueous solution, the first portions of wliidi 
deposit needle-shaped crystals of nitropheuic acid when cooled to 0°. The nitrophcnic 
acid separated from tho accompanying liquid is purified by redistillatiou with waUi 
and recrystallisation from alcohol and ether. 

Properties. — Nitrophenic acid crystallises in prisms of 132'^ 49', and 47° ll^ having 
their acute and obtuse edges much truncated, but whether they are trimetric or mono- 
clinic could not bo determined, on account of the imperfect development of the ter- 
minal faces (Kokscharow, Petersb. Acad. Bull. xvii. 273). It has a light yelk'^ 
colour, an aromatic not unpleasant odour, and sweet aromatic taste ; melts at 42°, 
solidifies again at 26° (Hofm an n); melts at 45°, and solidifies at the same temperatiirc 
(Fritzsche); boils at 216° (Hofmann), at 214° (Fritzsche). It dissolves ew’ilj 
in alcohol and ether (Hofmann, Fritzsche), and separates therefrom by slow evap- 
oration in yellow needles (Hofmann) ; sparingly in (Hofmann), sparingly^* 

cold, more easily in hot water (Fritzsche) ; easily in benzene and sulphide of carhop 
(Fritzsche). The solutions have an acid redaction. By sulphuric acid it is converted 
slowly when dissolved in ammonia, easily when dissolved in potash or soda, into ami 
dophenol, C“l-P(NiH)0. (Hofmann.) 

The nitrophenates are scarlet or orange-coloured according to the quantity® 
water which they contain. 

The ammonium-salt separates on cooling from a solution of nitrophenic acid in warn 
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ous ammonia, in orange-yellow laminar crystals, wliicli quickly give off ammonia 
when exposed to the air in the moist state. The dry salt is more easily prepared 
}' "vissing dry ammonia-gas into an ethereal solution of nitrophenic acid, whereupon 
• « M)a,rates in laminar crystals, which, after being quickly wasln'd with ether and pre-ssed 
K.^weeu })aper, may be preserved in a well-closed ve.ssel (F r i t z s c h c). The potassium- 
s/flt is obtained by dissolving an excess of nitrophenic acid in a solution of caustic 
' *1 i<li ill alcohol of 90 percent and crystallises from the concentrated liquid on cooling 
■]i thit orange-red crystals containing 2C"Ji*K(N0-)0,.TT-0 ; between 120^^ and 130® 
ihfV 'dvo off their water and turn red. The same salt may bo obtained in orangc- 
.loured needles by the process given by Hofmann for tJio preparation of the sodium- 
Jalt (Fritzsche). The sodium-salt, C“ll‘Na(N0“)0, is obtained in scarlet crystals by 
iiMing soda in excess to nitrophenic acid, exposing the compound to the air till all the 
free soda is converted into carbonate, and recrystallising from absolute alcohol. 
(Hofmann, Fritzs che.) 

^ The barium-salt, C‘*H"Iia"(N0*)®0*, separates in scarlet tabular crystals on Ixiiliiig 
Imrvta-wate.r with excess of nitrophenic acid till the excess is driven olT, and Icav- 
u\<r the filtrate to cool (Fritzsche). — The strontium-salt prepared in like niunncr 
forms oniugc-coloured needles containing C**H^Sr"(NO'^)W. 311-0 (Fritzsclie). — The 
ai/riii.m-sa/t crystallises in orange-coloured needles, C''‘^n.“Ca"(NO-)-0'.H-0, or plates, 
C'vIFC:i"(N0'*)‘0*\4ll*0, which turn red when deliydratcd. (Fri tz'schc.) 

Maf/ncsium-salt . — Magnesia boiled with nitroplir-nic acid forms a red solution 
vliioh deposits needle-shaped crystals. Nitrophenic acid boiled with carbonate of mag- 
iKsiiim exjiels only a portion of the carbonic acid. (Frit zschc.) 

I'hc soluble nitroplienatc'S form orange-red precipitates with acvtatr of had and 
mnruric chloride (Hofmann). The precipitates formed in solutions of nitrophenates 
by due, copper, and lead-salts quickly decompose, with separation of nitrophenic acid. 
(Ki'i fzsche.) 

t^iilvcr-salt, C®H*Ag(N0-)0. — Orange-red precipitate, gelatinous and difficult to wash 
(Hofmann). Nitrate of silver added to a concentrated solution of a nitrophonato 
forms a deep orange-red precipitate which at first consists of microscopic needles, but in 
foiitact witli the liquid soon cliangos to a powder consisting of thick crystals. A dilute 
solution of silver-nitrate mixed with a solution of nitrophenic acid in a slight excess of 
ammonia, deposits at first long needles of a deep red colour, between which orange- 
oulourcd crystals gradually form, and ultimately the entire deposit changes to a mass 
of granular crystals. The salt is anhydrous in both forms. (F ritzsche). 

Kthylic nitrophenate or Nitrophenetol, C®H\C'‘‘IP)(N(F)0, is prepared 
by decomposing the silver-salt with ethylic iodide, exhausting with ether, evaporating 
the ethereal extract, and distilling the residual brown oily liquid. It then passes over 
a.s a nearly inodorous wine-yellow liquid, insoluble in water, easily soliil>le in alcohol 
and other, slowly decomposed by boiling with potash (Fritzsche). The same com- 
pound appears to be formed, together with ethylic diiiitropheiiate or dinitrophenetol 
(p. o99), wlien ethylic phenate. is treated with fuming nitric acid. (Cahours.) 

Zsonitroptaenlo add. C“H*(N 0*)0. (Fritzs c h e, Fetersb. Acad. Hull. xvii. 145 ; 
•1. pr. Chem. Ixxv. 257 ; Jahresb. 1858, p. 407.) — This acid, which has the same com- 
position as nitrophenic acid, but diffiers from it in its propiorties and in the' constitution 
of its salts, is produced, simultaneously with nitrophenic acid, in the first stage of the 
notion of nitrijj acid on aqueous phenol. It is found in the residue left after tlie nitro- 
Jilnnic acid has been distilled off; but in order to obtain it from this residue, it is im- 
jioptant to ensure t.lio absence of di nitrophenic acid, and therefore not to use an excess 
of nitric acid. Fritzsche therefore dissolves 4 pts. of phenol in 100 pts. of hot water, 
adds 6 pts. fuming nitric acid of specific gravity 1'51, previously diluted with 20 pits, (ff 
'viiter, and distils off about a third or half of the mixture. The distillate contains a 
liirge quantity of nitrophenic acid; the residue is free from dinitrophenic acid, and 
wiisLstfi of a dark brown resinous body, which for the most part adheres closely to the 
sidps of the retort, and a yellow liquid which separates in oily drops on cooling. This 
liquid, .together with tlie solution obtained by boiling the resinous mass willi water, is 
fiUi’red liot, and immediately supersaturated with caustic soda, in which isonitro- 
plienate of sodium is insoluble. This sodium-salt, which separates on cooling as a 
}f‘llow crystalline piowder, is sepiarated from the liquid by filtration through poundevl 
SlasH, Washed with a little soda-ley, and crystallised from the smallest possible quantity 
boiling water, from which it separates on cooling in pirisinatic or tabular crystals, 
fo isolate the isonitrophenic acid, a solution of tlie sodium-salt, saturati'd at mimu 
t<^niperature, is mixed with hydrochloric acid at the temperature of about 40®, till the 
P'-eviohsly yellow liquid has become colourless; the acid then separates on cooling, 
in oily drops, ai’terwards in slender needles. To purify it by recrystallisation, it 
be dissolved in water not hotter than 40®, since at higher temperatures a portion 



^96 


PHENOL, EBERIVATIVES OF. 

of the acid separates in the liquid state, and usually with a yellowish-red colour wh' \ 
it retains even after solidifying. * 

Propertus. — Isonitroplieiiic acid cryshillises from its pure aqueous solution in slend 
colourless needles ; but by spontaneous evaporation of an ethereal solution, it may T 
obtained in larger crystals which assume a yellowish-red colour on exposure to iLj 
and air. These two forms are distinguished by Fri tzsche as the colourless and 
coloured modification. The acid is not, however, dimorphous ; for, according to Kok' 
sc ha row, both forms are ruonoclinic, and have their principal axis clinodiagonal and 
orthodiagonal in the same ratio, viz. as 1*0338 : 1 ; 1*6094, and the two former axt's 
inclined qt an angle of 76° 37'. The crystals of the coloured modification exhibit tho. 

conjhiuatiori oP . + P . ooPJ . ooPoo , while the needle-shaped crystals of the eoloiif. 

less modification exhibit at the. ends only the face ^P. 

Isouitroplienic acid is inodorou.s, has a sweetish taste, with burning aftor-tasto. It 
di.ssolvps very easily in alcohol ; the .solution becomes milky on addition of water, and 
the acid which gradually collects together, remains liquid for days, if only a small 
quantity of water has been added. In the dry state it melts at about 110° ; under 
water between 48° and 60°. At a stronger heat, it boils and passes over for the most 
part undecomposed ; it volatilises perceptibly, however, at lower temperatures, even 
below its molting point, also with aqueous vapour when boiled with water. It is 
scarcely attacked by strong sulphuric acid^ even after prolonged boiling. When it is 
treated with iron fiUnijs and dilute acetic acid, a violent action takes place, and a 
dark brown sparingly soluble iron-salt is formed, containing a peculiar acid not yet 
examined. 

Jsonitrophenates. — Isonitrophenic acid is a weak acid; it expels carbonic acid 
from the carbonates of the alkali-metals, and from magnesia alba ; but scarcely attacks 
the carbonates of the other earth -metals, even at the boiling heat. It forms but onp 
cthyl-compoiind, and is therefore probably monoliasic ; nevertheless, it forms two 
classes of sfilts, namely neutral salts, C^H^iVI'NO* or which are mostly 

yellow or brown isli-ycllow in the hydrated, and brh;k-red in the anhydrous state; and 
acid salts, C^H'MNO^C^H^NO" or C'-IPM"N20«.C'='U‘®N='0« from which the second 
atom of ueid may bo removed by ether. 

Tlie neutral ammonium-salt (obtained from a solution of the acid in excess of warm 
aqueous ammonia) and the acid salt (oy cautiously adding acetic acid to a cold saturatorl 
solution of the preceding) crystallise in yellow needles ; both salts melt when heated, 
and give off their ammonia. — Potassium-salts, The acid dissolves easily in dilntu 
potash-ley ; and on adding exces.s of potash to this solution, the neiUral salt C^IPKNl)*. 
2H*0 separates as a golden-yellow microscopically crystalline precipitate, which, wlion 
recrystallisod from a small quantity of hot water, forms confused crusts of crystals eon- 
taining C*H^KN0®.2H-0 ; they give oflT their water at 130°, but recover it on exposure to 
the air. From a cold concentrated solution of this salt mixed with a little acetic acid, 
or from a solution of the neutral salt and the free acid in equivalent proportions, the acid 
salt, C*II^KNO*.C®H®NO*, separates in prismatic crystals which appear also to contain 
2 at. water, but give off acid as well a^ water when heated. — Sodium-salts, A solu- 
tion of the neutral sodium-salt prepared as above described (p. 396) yields at ordinary 
temperatures yellow-brown crystals which contain C“H'‘NaNO®.4H‘'0, give off half 
their water on exposure to the air, becoming opaque and yellow, and the remainder at 
110°; the anhydrous salt, wliich has a brick-red colour, takes up 2 at. water, and 
becomes yellow again on exposure to tlio air. On adding acetic acid by drops to a 
cold saturated solution of the neutral sodium-salt, the acid salt is soon deposited in 
prismatic crystals, which, when recrystallised fh>m water, yield slender orange-red 
prisms containing C®H^NaNO®.C'‘H*NaO\2H'-0. 

Jiarium-salts. Tlio neutral salt, C*‘H"Ba"N*0®. SH^O, crystallises from a mixture 
of the neutral sodium-salt and chloride of barium, in brown-yellow monoclinic prisms 
with basal end-faces ; it slowly gives off half its water when exposed to the air, and 
becomes anhydrous at 120°. — The add salt, separates 

in distinct crystals from a mixture of the neutral salt and the free acid in equivalent 
propoi'tions. — In like manner are obtained Wx&ncutralstrontmm-salt^ C**H®Sr"N*O®.7H*0, 
in yellow needles ; the ttczcZ strontium-salt in light yellow prisms; — also the neutral 
calcimn-salt, C**lI®Ca"N*0".4lI*0, in yellow needles, and the cuiid caldum-salt 
C*»H"Ca"N*0®.C*''*H*®N'‘’0®.8H’*0, which separates from a hot solution on cooling in short 
flat prisms. 

The magnesium- salt, C**H"Mg"N*0®.8H*0, crystallises from a mixture of the hot 
solutions of the neutral sodium-salt and sulphate of magnesium, or from the solution 
obtained by boiling the aqueous acid with excess of magnesia alba, in flat pribros or 
tablets. — An acid magnesium-salt does not appear to exist. 

Solutions of copper and sine-salts^ added to soluble isonitrophenateSi throw down 
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prpclpif«t®® consisting of basic salts, while free isonitrophonic acid remains in 

\cad-s(ilts. The neutral salt has not been obtained. — By dropping a solution of the 
^ boiling solution of neutral lead-acotate, the salt .'JC'*II“rb"N*0«. 
is obtained as an orange-coloured precipitate, ftocculent at lirst but soon 
olwiiiging to a granular mass of microscopic six-side.d tablets. — An acid lead-salt sepa- 
rUPS on cooling fi’om a solution of isonitrophenic acid in liot atpieous neutral acetate of 
Icjid, in lig^t yellow needles, which after reerystallisation contain 40**II'*Pb"N^0«. 

Silver-salts. — The precipitates formed on mixing solutions of alkaline isonitrophen- 
iitcsnnd silver-nitrate, differ in composition according to the constitution of the soluble 
isoiiitrophenate used, the concentration, temperature, and proportions of the mixed 
solutions, and the manner in which they are brought together. The neutral silver-tialt 
(.oiitaining when air-dried, C®II‘‘AgNOMl“0, is obtained, on dropping a cold solution of 
neutral isophenate of sodium or ammonium into solution of silver-nitrat(^, as a bulky. 
K'arlet precipitate, which soon changes under the liquid to a mass of microscopic prisms 
of a deep orange-yellow colour. If, on the contrary, nitrate of silver be added, with 
stirring, to a cold aqueous solution of neutral isonitrophenato of ammonium, the liquid 
luLvancs milky, a red precipitate is formed, and afterwards a permanent light-yellow 
pm ipitiito consisting of adouhh^ isophenate of silver and ammonium. When a mixture 
if I ho hot solutions of a neutral alkaline isonitrophenato and silver-nitrate is left to cool, 
(specially if the latter is in excess, tux acid silver-salt, 5C®H^AgNO*.C“bPNO*, separates 
in purple needles, wliich if left in the liquid, ultimately cliange into the neutral-salt. 
A inixturo of the warm solution of the acid Sodium-salt with excess of a coiieentrated 
solution of silver-nitrate, also yields crystals of the purpde salt just mentioned : but the 
l;ist portions redissolved in the liquid after complete cooling, and in their place there 
an* formed yellowish-green laminai of the normal acid salt C®hPAgN0'*.C‘'IPN0®.H*0, 
uliiirli quickly turn scarlet on exposure to the air. On dissolving either of the pre- 

ling silver-salts in ammonia, an isonitrophenate. of argentaimnordum is formed. A 

double isonitrophenate of ammonium and argentarnmonium has also been obtained in 

r. iihcr large crystals. 

V.iliylic Isonitrophenate or Isonitrnphenetol, C''IT'(C*JT'')(N0®)0, is ob- 
tained 1)y decomposing the neutral silver-salt with ethylie iodide, distil ling off' the excess 
of the latter and exhausting the resitiuowith ether. It erystallis(‘s in colourh'ss prisma, 
lasily soluhle in ether, less soluble in alcohol, insoluble in water; has a p(reuliar aromatic 
odour; melts at 57® - *58^ to an oily liquid wliieh solidifies in a crystalline mass; 
bf'gins to l)oil at a stronger lieat, and may be distilled for the most part without 
(looompositioii. (F r i tz s c h e. ) 

IVitro-dichloropbenic acid. C®IPC1'(N0*)0. — Obtained by treating rectified 
rotil-tiir iiaplitha, first with chlorine, then with nitric acid. Tlie product mixed with 
vdhv is neutralised with ammonia, and boiled; the filtered solution is neutralised with 
iiininonin, and the niiro-diclilorophenic acid which separates on cooling is purified by 
ricrv.stalli.sation from alcohol. It is yellow, soluble in vmter, moderately soluble in 
b'uliijg alcohol and in ether, and crystallises in beaniilul monoelinic j)riHms having the 
yjiglo QcP ; ooP r= 88° ; ooP : oP = 108° 20' to 108° 30'. When quickly heated in 
a flose vessel, it decomposes with ignition. 

The ammo7iium-salt crystallises in beautiful orange-red needles wdiich when cautiously 
h(*ated purtly sublime without decomposition. The potassium-salt, C"H“KCP(N0'‘^)0, 
nysfallises in very brilliant laminre, which exhibit by reflection two very different 
O'lours, appearing of a fine crimson in one direction, and pure yellow in another. The 
f'l her salts reseni ble the trinitrophenates or picrates. (Laurent and D o 1 b o s, Ann. 
t'ii. Phys. [3] xix. 380.) 

Nitro-dl-iodopbenlc acid. C-H®I*(NO®)0. — Formed by treating hot nitro- 

s. 'ilifylie acid with iodine and axlding potash. Its properties have not been examined. 
(Piria. Compt. rend. xvi. 187.) 

l^lnitrophenio acid. =• C®H^(NO*)*0. Nitrophenesic acid. (Laur- 

Ann. Ch. Phys. [3J iii. 212.) — This acid is produced by the comparatively 
^UKierate action of nitric acid on phenol (Laurent); also by boiling dinitranisol 
jJnethylic fiiuitrophenate, L 305) with alcoholic potash. (C a hours, Ann. Ch. Phys. 
l^i XXV. 22.) 

^vrparation. — 1 2 pts. of commercial nitric acid are added by separate portions in a 
basin to 1 pt. of that portion of coal-tar naphtha which boils between 
and 190°, a fresh portion being added as soon as the violent intumescence caused 
y the preceding has subsided, in which case the mixture becomes hot enough to 
external heating unnecessary. The resulting thick red-brown mass is freed by 
frQDi tjjg greater part of the nitric acid ; the residue boiled with very dilute 
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ammonia ; tho solution while hot rapidly filtered from a brown resinon» maMs, which servfti 
for the preparation of picric acid ; the brown crystalline substance which separat/ 
within 24 hours from the dark brown filtrate, is collected (an additional quantity of th* 
brown resinous muss serving for the preparation of picric acid may be. precipitauij 
the mother-liquor by acids); tho crystalline substance is dissolved in boiling water- 
the delicate ntjcdles of dinitrophenato of ammonium which form on cooling, are purj! 
tied by four reeryslallisations (th(‘ matter precipitated from the mother-liquors by nitric 
acid serves for the jn-eparation of picric acid), washed with cold water, and dis- 
solv(*d in a very large quantity of boiling water ; the solution is filtered as quickly as 
possible from any of the brown mass that may be preeipitated ; the mother-liquor is 
df'canted from the acid which crystallises on cooling, boiled with fresh ammonia, again 
mixed with nitric acid, <tec.; and finally the acid thus obtained in fork-like tufts, is dis- 
solved in boiling alcohol to purify it from a small quantity of oil: it then crystallises 
free from oil on cooling. (Laurent.) 

Properties. — ^Dinitropheiiic acid forms pale brown-yellow prisms belonging to tho 
trimetric system, and exhiliiting the combination c©P . soPco . Poo with P very sulj- 
ordinate. “Angle ooP : coP = 130°; ooP : ooPoo = 115^^; wPoo : Poo . 1270 
Katio of principal to secondary axes = 1*00: 0*619 : 1-327. It melts at 104°. aud 
solidifies in a radiated mass on cooling; may be distilled in small quantities without, 
decomposition. It is inodorous ; tasteless at first, afterwards very bitter ; colours tho 
cuticle, horn, and other animal tissues, deep yellow (Laurent). It is insoluble in 
cold, sparingly soluble in hot water; easily soluble in alcohol and cthcr^ the latterwhen 
hot taking up rather more than a fourth of its weight of the acid. ^ 

Decompositions. — 1. The acid detonates when suddenly heated in a tube, or slightly 
when heated in the air, with red flame and black smoke, leaving a residue of cluircuiil. 

2. When heated with bromine, it is converted into dinitrobromophenic acid. 

Chlorine appears not to act upon it. — 3. By boiling nitric acid it is quickly converted 
into picric acid (Laurent). — 4. When heated with chlorate of potassium sxA hydw- 
chloric acid, it is very easily converted into perchloroquinone (Ilofmann, Ann. Phanu. 
lii. 62). — 5. It dissolves in ytxrm fuming oil of vitriol, and then decomposes, with rapid 
evolution of gas, turning brown and thickening at the same time. — 6. It dissolves 
gradually in dilute sulphuric acid, in presence of zme, forming a rose-coloured liquid, 
which is turned green by excess of ammonia, without precipitation. — 7. When th'gcstcd 
with dilute sulphuric acid and baryta, out of contact of air, it forms a blood-red liquid 
(Laurent). — 8. When gently heated with aqueous sulphide of ammonium, it forms a 
nearly black liquid which on cooling deposits needles of nitrophenamic acid: 

2C®HXNO*)*0 + 3ir-S = C'*H‘*(NO*)*N20* + 4lPO + S*. 

DiuitrophcMiic Nitrophenamic 

acid. avid. 

9. Chloride of benzoyl attacks dinitrophenic acid when heated with it, giving olF hydro- 
chloric acid and forming dinitrophenylic benzoate or dinitrobenzophenide (i. 644).— 

10. With pentachloride of phosphor m the acid gives off hydrochloric acid and phos- 
phoric oxychloride and forms dinitniphenylic chloride. 

The metallic dinitrophenates are obtained, sometimes by saturating the acid with 
the pure base or its carbonate, sometimes by double decomposition. They arc yellow 
or ro.seate and crystallisable. They all dissolve in water, and in tills form impart a 
strong yellow colour to animal tissutss. Heated somewhat above th(i melting point of 
lead, they detonate very slightly, with omission of light. Sulphuric, hydrochloric and 
nitric acid separate the acid from thorn. 

The ammonium-salt crystallises from boiling water in long thin yellow needles having 
H silky lustre. By sublimation, yellow shining laminae are obtained. Very sparingly 
soluble in water, still less in alcohol. 

The potassium-salt, 2C®1P*K(N0*)’-^0.H®0, forms yellow, shining, six-sided needleSi 
with angles of 115°. They reddtm when hc*ated, without alteration of weight; decom- 
pose and become opaque below 100° ; give off 3*90 per cent, water in vacuo at lOO ; 
melt at a stronger heat, and then detonate. They dissolve sparingly in cold water, 
very sparingly in cold alcohol, more easily in hot alcohol. The forms yellow, 

silky needles, which dissolve pretty easily in water. , , 

Tho barium-salt, C'-'H®Ba"(NO'^)®0* 5H*0 crystallises in thick, roseate, six-sioi‘o 
obbque prisms and needles, with two angles of the lateral edges of 89°, and four 0 
135° 30'. In vacuo, at ordinary temperatunjs, they give off 6*5 per cent. (2 at) 
at 100° altogether, 15-42 per cent. (5 at.) water. ^ - v, f nd 

The ammonium-salt mixed with chloride of strontium, the solutions being hot 
concentrated, soon forms silky needlea ; with chloride of calcium, granules consistiDg 
of noodles ; with alum, needles. It does not precipitate the salts of magnesium, mang * 
ncse, cadmium, cobalt, nicki l, or copper, or mercuric salts. ^ 

Dinitrophmate of Cobalt forms brown-yellow, right rectangular prisms, 
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l f*(iiAl summits. Its brown aquoou.s solution forms with ammonia a yellow precipitate 
v’iiirlj mclt.s and detonates when lieated. The copper-mlt crystallises in yellow silky 
('(lli s. wlios(i yellow solution forms with ammonia, yellow needles sparingly soluble 
ill iiDimonia or in water. 

-The neutral salt has not been obtained. A basic U ad-salt, 2C''‘^H"Pb'' 
is formed on pouring a boiling alcoholic solution of the acid into a 
concentrated boiling alcoholic solution ol’ neutral acetate of lead, and 
oil cooling in spherical groups of microscopic needles having a fine yellow 
(•olour. Another basic salt, C’“H'’Pl/'(Nf)“)‘‘0-.4lT'^0, is obtained on pouring din it ro- 
I'hiiiiitc of ammonium into a boiling dilute solution of neutral lead-acetate. It is one 
or the most powerfully detonating of all salts. The ammonium-salt forms with solution 
,’f nitrate of silver a reddish- yellow precipitate, or in ca.so of greater dilution, aftitr a 
while, needles which dissolve in a. large quantity of water or alcohol. (Laurent. ) 
pinitrophenic ethers. — 1. Methylic dinitrophenate or Dinitramsol, CMT‘^N‘^0* 
C'‘H®(CH*)(N0-)*O, has been already described; also the base M(‘thyl-7iitrophoni(Hne 
or Sitratiisidine, C’H'*(NO‘‘^)NO, formed from it by the action of sulphide of ainmo- 

^ DhiUrophenate, Dinitrophcnetol or Dinitrosalitkol, C**H®N*0* = C®1P(C‘IP) 

is obtained by treating etliylic phenate (p. 391) W'ith an equal volume of 
Lniiij? nitric acid, added by small portions, and boiling the liquid for a few minutes 
till il becomes clear, and then adding water. Dinitrophenctol is thereby precipitated 
;in oil which ultimately solidities, and may be crystallised from boiling alcohol. It 
■ vstallises in yellow needles very much like dinitranisol. Wlien cautiously heated, it 
suhliiTies withcjiit residue; but if quickly heated, it decomposes with ignition, leaving 
:,n abundant deposit of charcoal. Sulphide of ammonium converts it into ethyl- 
nit r o p h e nidi n e, C«H'«(N 0*)N O. 

Dinitrotoromoplienio acid, C^H^BrN^O* ==? C®TT*Br(N0*)“0. Nitrobrom/)- 

nh new add. (Laurent, Itev. scUmt. vi. 65.) — This acid is produced by dissolving 
liiiitropbenic acid in heated bromine, washing the crystals which separate on cooling 
rt itli Ji Hinall quantity of alcohol, liissol ring them in boiling ether, and heaving the solii- 
to crystallise in a beaker covered with pa}tor. It is sulphur-yellow, transparent ; 
•rysliillises from ether in shining monoclinic prisms having tlic angle ooP : ceP = 106° 
ll')'; oP : a>P = 98° 30'. — From boiling water or alcohol, it separati^s in needles. It melts 
It about 110°, and solidfies on cooling into a laminar librous mass. When strongly 
luafttcl, it di.stils partly undecoinposed and leaves a small quantity of charcoal, Per- 
inaiK'iit in the air, inodorous, coloui’s the skin yellow, like picric aedd. It di.ssolves very 
^pariii^ly in boiling water, and separates almost completely on cooling; with moderate 
fWility in boiling alcohol, more easily in ether. It dissolves also in warm oil of vitriol 
liid crystallises therefrom in fern-like tufts. 

Ih compositions. — 1. Tlie acid is not decomposed by chlorine in the cold and but 
>iifj:lit ly w hen lieated. — 2. By boiling nitric add it is converted into picric acid. — 3. Its 
'iiliition in warm oil of vitriol decompo.ses wlien lieated. — 4. Its aqueous solution forma 
sulphate and lime, a blood-red liquid, witli precipitation of ferric oxide, 
'lliediiiltrobromophenates are yellowy orange -coloured or red; crystallise welt; 
rt'S( inble the pierates ; dtdoiiate for the most p»art, like tliose salts, when heated, but 
l'>s strongly, and in a closed space with emi.ssion of light; most of them dissolve 
ill water, from which solution, sulphuric, hydrochloric or nitric acid separates the 
linitrobromophenic acid. 

The ammnniunL-salt forms yellow eight-sided needles derived from a rhombic prism, 
hi vaeiio at 100° they give oil’ 8-57 per cent, water, and I SC per cent, more at a heat 
""lii'ly snlBcient to volatilise them, and then sublime, for the most part undccomposed, 
111 yllow, shining right rhombic prisms, with lateral edges of 45° and 135°. — The 
"'■fojisiu til-sal t forms yellow, .silky necdle.s, sparingly soluble in water and alcohol. 

^ banu/u-sa^t, C*'-H*Br“Ba"(N0")'0“’.4Il*0, forms dark yellow needles, wliich dis- 
'■’Ivr very readily in water, give off in vacuo at ordinary temperatures, 7*5 per cent, 
lit.) water, assuming a scarlet colour, and at 100°, 9*42 per cent. (4 at.) in all. 
fho calcium-salt forms long yellow laminae, which are oblique rectangular prisms, 
turn about on recently dried paper or in vacuo, giving oflf* water and a.ssurning a 
^^‘iirlet colour. The ammonium-salt does not form any precipitate with chloride of 
magncsiimi or manganese. 

h^ad-salt , — When a boiling dilute solution of the ammonium-salt is poured into a 
uoiling dilute solution of neutral acetate of lead, there is immediately formed an orange- 
Hlow precipitate of a basic salt containg 37 per cent, lead-oxide; and the liquid de- 
“Uted therefrom after some seconds, forms pale yellow silky needles of the diplumhic 
xi t which give off 3 3 per cent. (2 at.) watesr in vacuo 

100°, and contain 44'0 per cent, lead-oxide. — In solutions not too dilute, the am- 
‘^oiiiuiu-salt forms with lead-salts, a heavy, yellow, crystalline precipitate. 
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The attmaonium-salt fomis^with the salts of cadmium^ cohalt ^ nickel copper 

addit ion of ammonia, a precipitate which consists of noodle-shaped particles, scart pi** 

Bolul)le in ammonia. ^ 

With. 7iitrate of the ammonium-salt forms a yellow translucent precipitate- 
from very dilute solutions, the silver-salt is deposited in extrcnudy fine filaments * ’ 

BlnitrocbloropHenlo acid. CTPCINW « C“IPCl(NO'0^O (P. Griess. Ann 
Ch. rinu-ni cix. 286.) — Prepared by passing a moderately strong stream of cblorind 
into about a pound of phenol, kept at a moderate heat, and adding the product by srnull 
portions to nitric acid of ordinary strength, in a capacious porcelain dish. The action 
begins in the cold, and is attended with the evolution of red, intensely irritating 
vapours, smelling like chloropicrin, but towards the end a gentle heat must he ap])li(.j 
till red vapours are no longer given off. The resulting red oily mass, consisting chiclly 
of dinitrochlorophenie aeid, is washed with water to free it froin excess of nitric acid 
and from oxalic acid formed in the reaction, and then treated with aqueous ammonia - 
the crystalline magma thus produced (consisting chiefly of dinitrochlorophenate of 
ammonium) is dissolved in hot water, and quickly filtered ; tho yellow needles of the 
ammonium-salt, which separate as the filtrate cools, are once recrystallised,* and the 
solution of the purified salt in boiling water is decomposed by dilute nitric acid. 

Di nit rochlorophenic acid thus prepared crystallises in light yellow anhydrous laminae. 
It is but slightly soluble in hot water, and separates almost completely in yellow laminae 
on cooling. It dissolves more readily in alcoJul and ether^ abundantly also in hot 
hydrochloric y nitric y and sulphuric acids, separating from these solutions on cooling, 
especially on addition of water, in nearly colourless laminie. It melts at 103®, solidi- 
frying again to a radio-crystalline mass at 96°, and sublimes without alteration. In 
powder or in vapour it excites violent coughing and sneezing ; it tastes intensely bitter 
like picric acid, and colours the skin yellow. 

The acid or its ammonium-salt, digested at a gentle heat with aqueous sidphide of 
ammonium, is converted, with deposition of sulphur, into amidonitrochlorophenic 
acid, CnP(NIP)(N0«)C10. 

The din itrochlorophe nates crystallise well; they are all sparingly soluble in 
water, and arc deposited from hot aqueous solution on cooling in reddish or yellow crystals: 
they detonate when heated, amnumium-salt, C®IP(NTT^)C1(N02)‘0, crystallises in 
shining yellow needles, green by reflected light, and begins to sublime at 100®. Tho 
potassium-salt forms shining orange-yellow needles. The harium-salt, obtainnd by 
saturating the aqueous acid with carbonate of barium, crysbillises in delicate yellow 
needles, which turn red in rarefied air over oil of vitriol, and then contain 
(;!‘‘^H*1W'C1'-*(N0''*)^0''*.1T‘‘'0 : the red crystals recover their yellow colour on exposure to 
the air, and the salt becomes anhydrous at 110®. Tho silver-salt separates on adding 
nitrate of silver to a concentrated solution of the ammonium-salt ; when recrystallised 
it forms crimson lamin® with green iridescence, wdiich appear under the microscope as 
oblique rhombic prisms. With copper the acid appears to form several salts : a solution 
of recently-prepared cupric oxide in the aqueous acid, yields on evaporation yellow 
noodles easily soluble in water. 

Tiinitroplienlo or Picric acid. C®H*N®0^ = C"HXN0*)"0. Trinitrocar’ 
holic acid. Carhazotic acid. Nitropivric acid, Artifirial Indigo-Htter. Kohlensticksioff- 
siiure. Jauneamerde Welter. — This acid was observ^ed by ilausmann in 1788, and 
afterwards examined, with regard to its composition, chiefly by Liebig (Pogg. Ann. 
xiii. 191 ; xiv. 466; Ann. Ch. Pliarm. ix, 80; xxxix. 350), Dumas (Ann. Ch. Phys- 
liii. 178 [3] ii. 228), and Laurent {ibid. [3] iii. 221). . , 

It is produced : 1. By tho action of heated nitric acid on phenic, tribromophenic, ana 

diuitrophonic r ' ’ «Jfrn«H.licvlic 

acid, phlorizin 
Xanthorrheea t 

potash-ley. (Cahours.) . . j j • flifl 

Preparation. — 1. From Phenol. — The brown resinous masses precipitated during tn 
preparation of dinitrophenic acid (p. 397), are united with the mass obtained y 
precipitating with nitric acid tho mother-liquors of dinitrophenate of ammonium o * 
tained in the same process ; the united mass is heated to the boiling point in a basin 
with commercial nitric acid ; the acid liquid decanted after cooling; the 
with a small quantity of cold water, and boiled with very dilute ainmouia; the 
repeatedly evaporated to the crystallising point ; the resulting picrate of 
purified by crystallisation from boiling alcohol ; and the beautiful needles of this s 
treated with nitric acid to separate the picric acid, the quantity of which, thus obtain 

♦ The inother>liquor retaini tn golution the ainnionium*galc of another acid formed 
reaction, and if mixed while still hot with hydrochloric acid, deposits this acid ai a vwciao^ 
ultimately solidifies. It melts easily, and it converted by sulphide of ammonium into an amww 
Nitrodichlorophenic acid (p. 3i>7) does not uppear to be formed in this reaction. 
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V «Troater as the quantity of dinitrophenic acid was less. The impure diiiitrophenie 
M-itl may also bo converted into picric acid by boiling it with nitric acid, and recrys- 
from alcohol the portion which separates out (Laurent). Picric acid may, 
liowevor, he more advantageously prepared from pure crystallised phenol, which is 
now manufactured in largo quantities from coal-tar; this is in fact the mode of pre- 
niratioii now most generally adopted. 100 pts. of crystallised phenol, treated with 
liitrif! acid, yield, according to P err a (Dingl. pol. J. clxv. 386), from 90 to 100 pts. of 
pu’ric acid. ^ .... 

^ 2. From Salicin . — This substance, treated with nitric acid, yields remarkably pure 
picric acid; fhlorizin yields much less picric than phloretic acid. (Marc hand.) 

3. From Indiffo. — 12 to 13 pts. of nitric acid of specific gravity 1-43 are heated 
jiKirly to the boiling point in a capacious glass flask; 1 pt. of the best East Indian 
imligo in coarse powder, is added in small portions, each addition being made as soon 
as the last portion has disappfiared ; the red-brown liquid is conceutrat^id by boiling 
till it becomes thickish and lighter in colour; 3 pts. more nitric acid are added in case 
the liquid still gives off nitrous acid, and the boiling is rcpeatt>d ; the mother-liquor 
is decanted from the hard, yellow, translucent crystals which form on cooling; these 
crystahs arc washed with cold water and dissolved in a sufficient quantity of boiling 
Wilier; tlie oily drops of artificial tannin which then rise to the surface are removed 
wilh tillering paper; the solution is filtered and left to cool ; the yellow shining laminae 
of picric acid which separate are removed from the mother-liquor, again dissolved in 
lidiling water, and neutralised with carbonate of potassium; the potassium-salt 
which separates on cooling is purified by repeated crystallisation, then dissolved in 
boiling water ; and the liquid Is mixed with sulphuric, hydrochloric, or nitric acid, 
whereupon the picric acid crystallises out on cooling. An additional quantity of th« 
potussiuiii-salt, requiring, however, further purification, may be obtained from the first 
inolhtT-liquor by precipitating therefrom a large quantity of brown matt(*r by addition 
of Witter, then dissolving it in boiling water, neutralising with carbonate of potassium, 
iiiui cooling. Four ptirts of indigo .should yield 1 pt, of picric acid. Sometimes the 
solution of indigo in nitric acid does not yield any crystals ; it must then be evaporated 
down, mixed with water, and the acid separated from the brown precipitate as above. 
The li(piid above tlio precipitate likewi.so yields picric acid, when evaporated, boiled 
with nitric acid, neutralised with potash, &c. (Liebig). Altogether, however, the 
pivpuratiou of picric acid from indigo is not to be recommended. 

•1. From the ytilow resin of XanthorrJuea hastilis. — The resin i.s dis.solved in the 


rcipiisite quantity of strong nitric acid, whereupon red vapours are evolved, with violent 
fivitliiug, and a dark-red solution is formed which becomes deep yellow after boiling. 
Thif< solution is evaporated over the water-bnth ; the remaining yellow crystalline mass, 
which, together with picric acid, contains small quantities of oxalic and nitrobonzoic 
aciils, is neutralised with potash ; and thepicrate of potassium is purified by twocrystal- 
lisiitions, and then treated with hydrochloric acid, which separates the picric acid, to 
he further purified by two crystallisations, and amounting to 50 per cent, of the resin 
UM'd (Stenliousc). This is one of the be.st modes of preparation (soo Carey Lea, 
^^ill. Am. J. [2] xxvi. 279 ; Jahresb. 1858, p. 414). 

5. Fro7n Benzoin . — 1 pt. of benzoin (from which the benzoic acid may bo previously 
extracted by alkalis) is gently heated with 8 pts. of commercial nitric acid; the 
mixture distilled, with four times repeated cohobation, after the effervescence has 
ceased ; and the liquid, after decantation from the resin, mixed with four time.s its bulk 
of water, filtered from the precipitated yellow powder, and neutralised while hot with 

of pota.ssium : it then yield.s crystals of picrate of potassium on cooling. 
(E. Kopp, Ann. Chim. Phys. [3] xiii. 233.) 

6. From Silk. — 1. When 1 pt, of silk is distilled, with frequent cohobation, with 
6 pts. of nitric acid, a solution is obtained which, by evaporation and cooling, yields 
crystal.s of picric and oxalic acids (Welter). — 2. Liebig uses 12 pt.s. of nitric acid; 
neutralises the residue in the retort with carbonate of potassium ; purifies the crystals 

potassie picrate by recrystallisation ; and precipitates the acid from their solution by 
nitric acid. The product from silk is however much smaller than that which is 
obtained from indigo. 

7. From Aloes. — 1 pt, of aloes is heated with 8 pts. of strong nitric acid till violent 

nt ion takes place; the fire is then removed; the mixture, after the gas-evolution has 
o<?a8ed, is .introduced into a retort ; the greater part of the acid liquid poured off ; the 
osidue distilled with 3 or 4 pts. of fresh nitric acid, which still cau.ses a slow evolution 
° till the greater part of the nitric acid is decomposed or volatilised ; the 

sidue diluted with water, which separates the chrysammic and aloetic acids still re- 
maining undecomposed ; and the yellow filtrate after being evaporated, to remove the 
pa-rt of the nitric acid, is neutralised with milk of Ume; pure picric acid may 
£*^®lpitated from the filtrate by nitric acid. 

IV. D D 
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8. From Tr/mYra« 2 W.---Trinitrani 8 ol is boiled for a few minutes with moderatelr 
strong potash ; water is added till all the resulting potassium salt is dissolved ; the Siiit 
allowed to crystallise by cooling; and the acid separated therefrom by boiling dilute 
nitric acid : it then separates on cooling in yellow shining needles, and may be purifiod 
by washing with cold water, and crysUllisation from boiling water.* (C a hours Ann 
Ch, Phys. [3] XXV. 26.) . 

Purijicatiofi. — The conversion of crude picric acid into a potassium-salt affords a very 

convenient mode of purification on the small scale, as the salt is but very slightly 
soluble in cold, though readily soluble in boiling water. But in operating on a largo 
scale, the filtration of this salt presents great difficulties, as the liquids, oven when boil- 
ing and contained in heated funnels, have a great tendency to crystallise on the tilters 
which they then rapidly choke. Several manufacturers therefore prefer converting ili^ 
crude acid into a sodium-salt, by saturating the boiling solution witli sodic carbonate 
taking care to avoid an excess, as that would dissolve the yellow resinous matter with 
which the acid is contaminated. The boiling liquors are filtered to separate this resin, 
and the filtrate is mixed with a further quantity of sodic carbonate. This causes the 
bulk of the sodic pierate to crystallise out, as the salt is nearly insoluble in solutions 
containing an excess of alkaline carbonate. The small quantity of picric acid still 
remaining in the mother-liciuors may be precipitated by adding a potajssium-salt. 

The crystallised pierate of sodium tlius obtained is then dissolved, and its boiling 
solution is (Iceomposed by an excess of sulphuric acid. The picric acid thus sepanittd, 
being nearly insoluble in the mother-liquors containing the acid sulphate of sodium, 
crystallises out almost entirely on cooling; and afrer draining, washing witli a little 
cold water, and pressing, is almost chemically pmre. (Hofmann's lii'port, p. 136.) 

Properties. — Picric acid cystallises in light yellow', strongly shining laminje 
(Liebig), in yellowish octahedrons, often very niueli truncated on tw'o of their 
summits ( W e 1 1 e r) ; yellowish-whit o needles and granules ( C h e v r e u 1). The crystals 
belong to the trimetric system. Angle ooP : ooP = 115° 30' ; P : P ~ 108'; 
t : ooPoo ~ 126° (Laurent). The acid melts when slowly heated, forming abrownisle 
yellow oil, which solidifies in a crystallino mass on cooling. When slightly hoMted in 
contact with the air, it volatilises undocomposed ; at a Jiiglier temperature, it boils and 
gives off a thick, yellow, suffocating, irritating, and intensely bitter vapour, and siih- 
limes in small yellowish-white ijeedles and scales, or passes over as a brown liquid 
which crystallises on cooling. It tastes very bitter and somewhat harsh and sour, and 
reddens litmus. The impure acid from indigo in doses of 1 to 10 grains, kills rabbits 
and dogs, with delirium and convulsions. < 

Picric acid dissolves in 160 pts. of water at 5°, in 86 pts. at 16°, in 81 pts. at 20°, 
in 77 pts, at 22'6°, in 73 pts, at 26° and in 26 pts. at 77° (March and). The solu- 
tion has a deeper colour tlviii the solid acid, and imparts a strong yellow stain to the 
skin and other animal tissues. 

Water containing only of picric acid is distinctly yellow;; with of the acid 

the colour is still perceptible in a stratum an in^h deep, and in larger masses to a still 
greater degrdlflDf dilution. (Carey Lea.) 

Picric acid is likewise easily sol^^le in alcohol and in ether. It dissolvf?s in warm 
concentrated sulphuric acid, and is precipitated therefrom by water unchanged, and ac- 
cording to Lea, in square hamiiiae belonging to the triraetric system. A cold saturated 
solution of picric Jicid mixed with 2 to 4 vol. of dilute sulphuric acid (1 vol. oil of 
vitriol to 1 vol. water) remains nearly or quite colourless, without separation of picric 
acid: with J or J vol. sulphuric acid, nearly all the picric acid is precipitated (Carey 
Lea). Strong nitric acid dissolves picric acid in large quantity. 

Decompositions. — 1. The acid when strongly heated, gives off acrid and very bitter 
vapours, which condense as a sublimate on cold bodies ; when quickly heated iu a retort, 
it decomposes with explosion, giving off nitrogen, nitric oxide, water, carbonic anhy- 
dride, hydrocyanic acid, and a combustible gas, and leaving a carbonaceous residue.— 
2. By chlorine gas^ aqueous chloride of lime, or a mixture of hydrochloric add and 
chlorate of potassium, it is resolved into chloropicrin and perchloroquinoiie 
(chloranil) ; also by hot nitromuriatio acid ; by ftrowiwe and water, into bromopicrin 
and perbromoquinone. It is also converted into bromopicrin by distillation 
with hypohromite of barium (S ten house, Phil. Mag. [4] viii. 363). — 3. When gently 
heated with a mixture of peroxide of manganese and sulphuric acid it gives of nitrons 
vapours. — 4. Boiled with a strong solution of caustic potash, it gives off a large quantity 
of ammonia, and forms a brown solution from which alcohol extracts a yellow salt 
crystallising in needles. Picric acid is likewise altered by prolonged ebullition w^h 
baryta-water. 

* Tbe acids obtained by this and the preceding process were at first regarded as IsomerlCi bot 
Identical, with picric acid, the acid from aloes being called chry$olepic dcM (Sc h ii nek), and 
triuitranisol, picranulc add (G ah ours); bot later experiments have shown that botii these aeJO* 
identical with picric acid, the difference formerly observed having been due to iinpuriUes. 
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а. When picric acid is digested with a solution of ferrous sulphate and an excess of 
piustic baryta or liiihe, a red-browu mass is formod containing pic ramie acid 
(Wohler’s nitrohjematic acid) : 

C''H’(N0*)*0 + 6FeO + H*0 « C®H*N(N0*)‘0 + 3Fe*0\ 

Picric acid. Pipramic acid. 

pirric acid is also reduced to picramic acid by ferrous chloride and acetate ; cuprous 
chloride.^ nascent hydrogen^ and by the sidphidcs of ammonium and of the fixed alkali- 
victals ; most readily by passing siilphydric acid gas through a saturated aicoholic solu- 
tion of picric acid neutralised with ammonia. (Girard, Ann. Ch. Pharm. Ixxxviii. 
281 .) 

4 . Picric acid treated with tin and hydrochloric acid is converted into a crystalline 
(loui)lesalt of stannous chloride and hydrochlorate of pier amine, (Roussin, 

Bull. Soc. Chim. 1861, p. 60 ; — Beilstein, Ann. Ch. Pharm. exxx. 214): 

C‘H*(N0*)»0 + Sn*« + 23HC1 * C®H»Ns.3HCl.SnCP + 9SnCP + 7IPO. 

Tlie same base is obtained as a hydriodatc by the action of iodide of phosphorus on a 
eatunited aqueous solution of picric acid (Lauternann, Ann. Ch. Pharm. exxv. 1): 

C®H®(N0*)*0 + 23HI =r C®H«N®.3ni -f I-® + 7IPO. 

б. Picric acid treated with cyanide of potassium in the state of hot concentrated 
aqueous solution assumes a deep blood-red colour and is converted into iso purpuric 
acid (lllasiwetz; Beilstein, iii. 433): 

C®H*(N0*)»0 + 3CNH -t IPO C®H®N®0« + CO* + NH». 

According toCareyLea (Jahresb. 1858, p. 416) picric acid is converted into picramic 
acid by the action of cyanide of potassium ; but this statement is contradicted by 
lllasiwetz and Beilstein (Jahresb. 1869, p. 458). 

G. Penlachloride of phosphorus acts violently on picric acid, forming chloride of 
trinitrophenyl or chloropicryl (Pisani, Compt. rend, xxxix. 852): 

C®IP(N0*)*0 + PCI* = C«lP(NO*)®Cl + PCPO + HCl. 

7. Chloride of bencoy I heQ.t(\d with picric acid converts it into benzoate of tri- 
nitrophenyl or trinitrobonzophenide (i. 654). 

8. A mixture of alcohol ^ sulphuric acid picric acid appears to yield pi crate of 
ethyl (Mitscherlich.) 

Detection of Picric Acid. — As reagents for the detection of picric acid, Carey Lea 
rcoummends an amniouiacal solution of cupric sulphate, a solution of sulphide of potas- 
tsi am mixed with excess of alkali, and of cyanide of potassium with ammonia. The 
first produces a greenish precipitate, the other two w’hen heated with the aqueous acid 
become red, or in ca.se of very great dilution, yellow. 

Uses of Picric acid. — Pieric acid is used for dyeing silk and wool, especially the for- 
mer, of a yellow colour. Its colouring power is very considerable, and it exliibits a great 
Jilliiiity for azotisod substances. The colour resists the action of light very well, but 
is somewhat affected by W'a.shing, especially witli soap. Its stability is increased by 
mordanting the silk and wool with alum. 

Cotton, hemp and flax do not exhibit any affinity for picric acid ; this acid may there- 
fore be employed for distinguishing silk and wool from cotton and flax. For this pur- 
pose the tissue is immersed in a hot solution of picric acid and tlien washed with water ; 
the threads of silk and wool then assumo a deep ytdlow colour, while those of cotton 
and flax remain perfectly colourless. 

The isopurpurate of potassium produced by the action of cyanide of potassium on 
picric acid yields, when treated with sal-ammoniac, an ammonium-salt possessing the 
external characters of murexid© (purpurate of ammonium, q. v.\ and acting exactly 
like that compound when applied to dyeing, 

Ihe coloured compounds produced by the action of ferrous and stannous salts on 
picnc acid have not yet been applied to any practical purpose. 

l^CHXTEs. — ^Picric acid is monot^ic. The metallic picrates are mostly crystallisable, 
bitter, and of yellow colour. They explode when strongly heated, especially in close 
yjissels. By precipitating solutions of heavy metallic salts with alkaline picrates, 
barey Lea (Sill. Am. J. [2] xxxi. 78) has obtained compounds of metallic picrates 
ammonia. The silver-salt contains 2NH*.C'*H'‘Ag(N0*)“0 ; the copper and cobalt 
compounds are represented by the formula 4NH®.C'*H^M"(N0*)®0*; the zinc and 
cadmium compounds by the formula 3NH».C>*H®M'\NO*)®0*. 

Prorate of Aluminium separates after some days from a mixture of the hot solu- 
chloride of aluminium and picrato of ammonium, in stellate groups of ory.stals 

mch are permanent in the air. (Carey Lea, Sill. Am. J. [2] xxvi. 279.) 

^ derate of Ammonium, C®H*(NH*)(N0*)*0, crystallises in yellow four-, six- 

n D 2 
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and eiffht-sided prisms, belonging to the trimetric system, and exhibiting the combii,., 
tion ooP . ooP« . oot^oo . P. Angle ooP : ooP =: lll*^ : oop : ooP « « 

P : P (terminal) = 135° ; P : P (basal) = 115° (Laurent, Rev. Scient. ix. 26). l( 
is moderately soluble in water, sparingly in alcohol. 

Pier at fi of Barium, C'*H'Ba"(N0*)«0^5ir"0, crystallises in monoclinic prijiins 
of deep yellow colour (yellow with red terminal faces, according to Leu), very soluble 
in water, fusible and explosive. The crystals contain 11*16 per cent, water ot crystal- 
lisation, the greater part of which is given oif at 100° 

Picrate of Cadmium separates from the solution of the carbonate in hotaqueous 
picric acid, in large rhombic prisms, isomorphous with the ferrous and manganous sjilts 
{infra), very soluble and efflorescent ; the aqueous solution when boiled for some time 
deposits a brown powder. (Lea.) 

Picrate of Calcium forms prisms more soluble than the barium- and strontium- 
salts. 


Picrates of Chromium. Chromous acetate dissolves in .aqueous picric acid, form- 
ing a brown liquid which dries up to an amorphous mass. Basic chromic carbonafo 
dissolves in aqueous picric acid forming a greenish solution wliich also dries up to un 
amorphous mass ; but by exactly precipitiiting a solution of violet chromic sulphate 
with picrate of barium, and leaving the filtrate to evaporate, small greenish needle- 
shaped crystals are obtained. (Lea.) 

Picrate of Cobalt, C'‘^H^Co''(NO*)*0* 511*0, forma dark brown needles which melt 
and give off nil their water of crystallisation (14*4 per cent.) between 100° and 110^. 
(Marchand.) 

Picrate of Copper, C'*IPCu''(N0*)*0*.5H*0. — When carbonate of copper is dis- 
solved in boiling aqueous picric acid, the solution evaporated to dryness, iiiul the 
residue treated with boiling absolute alcohol, neutral cupric picrate dissolves, wiiib' a 
basic salt remains behind. The neutral salt forms small green shining necdlts, 
efflorescent and melting at 100° (Marchand). On adding an arnmoriiacal sohiliuii 
of cupric sulphate to an alkaline picrate, a copious greenish-yellow precipitate is 
formed, which is resolved by water into cupric oxide and picrate of ammonium. 


(Lea.) 

Picrate of Glucinum separates in golden-yellow crusts on evaporating a solution 
of carbonate of glucinum in hot aqueous picric acid. (Lea.) 

Picrates of Iron, — The ferrous salt forms greenish-yellow crystals, isomorphous 
with the manganous salt. The ferric salt is obtained in yellowish-red prisms and 
yellow needles by exactly precipitating a solution of picrate of barium with ferric 
sulphate, and leaving the filtrate to evaporate. Aqueous picric acid dissolves hut a 
small quantity of ferric hydrate, even at tlie boiling heat. (Lea.) 

Picrates of Lead. — The neutral salt, C‘*H^Pb"(NO*)®0*, is obtained in the form 
of brown needles moderately soluble in water, during the cooling of a boiling, slightly 
acidulated mixture of an alkaline picrate and acetate of lead. (E. Kopp, Ann. Cii. 


Phys. [3] xiii. 233.) 

Basic salts. — a. By precipitating a dilute and boiling solution of neutral load-acetate 
with picrate of ammonium containing a large excess of ammonia, a deep yellow powder 
is obtained, composed of rectangular prisms and containing C'-H‘Pb"(NO'')®0‘MPh 0. 
— A A mixture of picrate of ammonium and slightly acidulated acetate of lead yields 
on addition of ammonia, a light yellow precipitate, which when left at rest, changes to 
a mass of shining scales, soft to the touch like talc, and containing C'*HTb"(J!^0*)'’0 . 
2Pb"0.3H*0 (Marchand). — y. Aboiling mixture of picrate of ammonium and acehite 
of lead deposits, according to Laurent, small dark yellow rhomboidal tables apparently 
containing C'*IPPb"(NO*)®OlPb"H*0*. . 

A picro^acetate of lead, C'2HW(N0*)®0*.C«H®Pb"0^4H*0 (Marchand), is de- 
posited in light yeilow, very brilliant rhomboidal tablets, when a boiling mixture of 
potassic picrate and an excess of lead-acetate is left to cool. This compound gives on 
acetic acid when dried. 

Picrate of Magnesium forms long flattened needles, of yellow colour, very 
soluble in water, nearly insoluble in boiling alcohol, and apparently containing 5 at. 
water of crystallisation. (Marchand.) , . r 

Picrate of Manganese, C‘*H*Mn"(N0*)®0*.8H*0 (Marchand). — ^A solution of 
manganous carbonate in hot aqueous picric acid crystallises by slow evaporation in 
large rhombic crystals exhibiting the combination oofoo . ooPoo . obP . oP, ^ 
appearing pale yellow in the direction of the principal axis, reddish in every otncr 
direction (Lea). According to Marchand, the crystals quickly give off 8 at water on 




405 


TRINITROPHENIC OR PICRIC ACID. 

^prcurous nitrate and picrate of potassium (Liebig). The mercuric salt separates 
fi-orn a solution ef mercuric oxide in aqueous picric acid, in orange-coloured shining 
needles, which effloresce and turn yellow on exposure to the air. (Lea.) 

picrate of Nickel, C‘“H*Ni (NrO®)*0‘. 811*0, is obtained by spontaneous evapora- 
tion of A solution of h3’drate or carbonate of nickel in aqueous picric acid, in green 
dicliroic, efflorescent crystals, very soluble in abiohol. ( a r c h a n d. ) * 

Picrate oj Potassium, C‘‘II*K(NO*)^0, is obtained by neutralising a hot aqueous 
solution of picric acid with potash, or, according to Liebig, in tlie state of greatest 
purity by digesting an aqueous solution of potassic cliloride with mercurous picrate. 
It crystallises in yel^w rhombic prisms, usually with a metallic retlex. Observed 
curabiriatiou coP . ooPoo .Poo. Angle ooP : ooP IKP 15' 30"; in the 

bnicliydij^onal principal section s= 139 25*. Hatio of vertical to lK>vizonlHl axes = 

1 ; 270156 : 1-88469 (Laurent, Kev. scient. x. 20). It is but slightly soluble in 
vater, rtwjuiring for solution at least, 200 pts. water at 15°, and 14 pts. of boiling water; 
insoluble in alcohol. Hence picric acid forms a precipitate in solutions of i)()tii.ssium- 
galts if not too dilute, especially on addition of alcohol. When heated, it assumes an 
orange coloiur, but becomes yellow again on cooling ; when strongly heated, it decom- 
poses with detonation. 

Picrate of Silver, C®H*Ag(NO*)®0, forms fine yellow shining needles very soluble 
in watf'r. 

Picrate of Sodium forms slender shining yellow needles, soluble in 10 to 14 pts. 
of water at 15'^’, and detonating rather strongly at a higli boupcratiire. According 
to Lea, an alcoholic solution of picric acid forms a precipitate aft(‘r a while, in alkaline 
golutions of sodium-.salt.s, when not very dilute: hence picric acid cannot be depended 
upon as a test for distinguishing between potassium and sodium. 

Picrate of Strontium, C'-H‘Sr"(NO*i«0‘*.5IPO, forms hard, shining, yellow 
crystals, moderately soluble in cold water, very slightly soluble in boiling absolute 
iilcohol. It detonates when heate«i. 

Picrate of Zinc, 0‘*U'*/ii"(NO*)*’‘O-.7ir’0 ? forms beautiful rhomboidal prisms, 
efflorescent, very soluble in water and in alcohol. It gives off 8 per cent, water in dry 
air, at ordinary temperatures, and 14 per cent, (in all) at 140°. 

PiCRATKs, Alcoholic. Picric Ethers. — The only knowm coTnp)Ound of this class is 
the picrate of ethyl, which is produced, according Mitscherlich, by boiling an alcoholic 
solution of picric acid containing a little sulphuric acid for several hours, then adding 
iiminonia and water. The product crystallises in scales having a faint yellow colour, 
iiy lts at 94°, and begims to boil and d<u?oinpose at 300°. It is inodorous, but has a 
biting and bitter ftiste. It is sparingly soluble in cold, more soluble in hot alcohol 
(Mifucherl ich, J. pr. Cheni. xxii. 195). Erdmann {ibid, xxxvii. 413) was not able 
to prepare picric ether by the process just described. 

PicRATEs OK Organic Eases. (See the several Basks.) 

PicttATEs OF Hydrocarhons. — C rystalline compounds of picric acid with benzene, 
Duphthalene, and other hydrocarbons, have been obtained by P'ritzsche (J. pr. Chem. 
huiiii. 212 ; Jahresb. 1857, p. 456), - -A hot saturated solution of picric acid in hensene 
yields shining light yellow rhombic crystals of the comj)ound C"n“.C'*TI®( NO“ j-''0, which 
remains transparent in an atmosphere of benzene?, but when exposed to the air im- 
mediately begins to give off benzene, and is ultimately reduced to a brittle mass of 
crystals of picric acid. The compound melts between 85° and 90° to a light yellow 
liquid. It dissolves without decomposition in alcohol and other, but cannot be crystal- 
lisi'd therefrom. Water abstracts picric acid from it, the whole of Uie benzene then 
volatdi.sing at the boiling heat. 

Naphthalene, C'®H".C*II*(NO*)*0, separates from a hot alcoholic solution 
Uj th^c two sub.stancos in gold-yellow needles, which after being rinsed with a little 
alochol, may be dried in the air between paper. Cold alcohol or benzene may also be 
Used as the solvent. The compound melts at 149°, dissolves without, decomposition in 
cnhol, ether, and benzene, and is but slowly decomposed by boiling water, 
f of Anthracene, C'^II'®.C‘*H®(NO®)*0, has betm already described (p. 351). 

4be formation of these compounds may serve for tlie separation of hydrocarbons one 
cym the other. Eritzsche found that coal-tar oil V>oiling at 150°, and free from 
^ud and alkaline products, gave with picric acid an immediate and abundant pre- 
jpitate of yellow needle- shapcid crystals containing only one hydn^carbon, viz. naph- 
^ laione, on further addition of picric acid, a crystallised compound of that acid with a 
Odrocarbon heavier than water was fornH*d; and the mother-liquor, when cooled to a 
7 low temperature, deposited monoclinic crystals, which when decomposed by am- 
onia and distilled, yielded a hydrocarbon of variable boiling point, but related to 
in composition and properties. Other trinitro-acids unite with hydrocarboim 
^ similar manner. 
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Compounds produced by the action of Bedtudng Agents on the Nitrophenic Acids, 

1. By Sulphide of Ammonium, 

WitroplienainlOf Dinitrodiplienamto or Amidonitroplieiiio Aqm, 

C'*H^WO®= (NO®)* = C‘*IP(NH*)*(N0*)®0* (LaurentandOerhardt, Compi. 

^im. 1849, p. 468.)— l^ormed by the action of sulphide of ammonium on dinitrophenic 
acid. When dinitrophenate of ammonium is gently heated with sulphide of ainmoiiium, 
a brisk reaction takes place after a few minutes, and the resulting nearly black muss 
deposits on cooling largo black-brown needles, which may be freed from excess of sul- 
phide of ammonium by boiling with acetic acid, and purified by two or three crystal- 
lisations from water. 

Nitrophenamic acid thus obtained forms black-brown needles which yield a yellow 
powder. They are hexagonal prisms with four angles of 131° 30' and two of 
97°. They contain 10 per cent, or 4 at. water (C'*II‘*N‘0® 4lPO), which they giveolf 
between 100° and 110°. The sicid is very slightly soluble in cold water, moderately 
soluble in alcohol and ether. When heated it first gives off its wuiter of crystallisation, 
then melts, throws off a few colourless scales and a brown oil, and leaves an abundant 
residue of charcoal which takes fire when strongly heated. 

Nitrophenaniate of amnmniivm does not appear to have been obtained in the solid 
state. The acid dissolves in ammonia, forming a deep red solution which gives oft’ull 
its ammonia during concentration. The potassium-salt, C‘*Il“KN^O“, forms sinjill 
crystalline nodules very soluble in water and in alcohol. The harhmi-salt forms spar- 
ingly soluble brown needles, obtained by adding acetate of barium k) an ammoniacul 
solution of the acid. The calcmm-salt obtained in like manner separates afler a while 
in small needles. The copper-salt is a yellow-green precipitate ; the lead-salt aii 
orange-brown precipitate. The silver-salt, C*®H"AgN‘0®, is a dark brown-yellow pre- 
cipitate which separates in scales from hot solutions. 

atliyl-iiltroplieiiidlne or xritropbenetidlne. C®H^(C*TT®)(Nn*)(NO®)0. 
(Oahours, Ann. Ch. Phys, [3] xxvii. 463.)--A b.'ise produced by passing sulpliy- 
dric acid and ammonia gases simultaneously through a solution of ethylic dinitroplu- 
nate (p. 399). It crystallises in brown needles resembling methyl-nitrophenidine or 
nitranisidine (i. 304). It acts on chloride of benzoyl when heated with ib forming 
a product which crystallises from alcohol in small needles. It forms crystsilUsablo 
salts with hydrochloric, nitric and sulphuric acids. 

PtoramlOf llinltroplienamlo« or iLznldo-dlnltroplienio Acid, C®H.®N”0‘ « 

(NO*)“ J-Q “ C*H>(HH*)(NO-)’0 (Girard, Compt. rend, xxxvi. 421.— Wohler, 

Pogg. Ann. xiii. 488.— E. Pugh, Ann. Ch. Pharm. xevi. 83.)— Produced by the action 
of sulphide of ammonium or of ferrous stilts on picric acid. — 1. When sulphydric gns 
is passed in excess through a saturated alcoholic solution of picric acid neutrmisod 
with ammonia, the liquid acquires a deep red colour and deposits a mass of dark red 
crystals of picramate of ammonium, an additional quantity of which is obtsjned on 
distilling off the alcohol ; and from this salt the acid may be separated by precipitation 
with acetic acid from a hot solution (Girard). — 2, The nitrofuBmatio acid whicn 
Wohler obtained by the action of ferrous sulphate on picric acid has been shown to be 
identical with picramic acid (p. 403). _ i wd 

Picramic acid separated from its ammonium-salt by acetic acid forms beautiful re 
needles, often grouped in tabular masses (Girard); from an ethereal solution i 
crystallises in distinct prismatic crystals with very acute terminal faces, garnet-colonm 
by reflected, yellowish-red by transmitted light (Pugh). It has a shghtly bitti- 
taste (Girard); does not taste bitter (Pugh). Melts at 166°, and solidifies in 
crystalline mass on cooling (Girard). It is nearly insoluble in water, even at i 
boiling heat, but soluble in alcohol and ether (Girard). 

The acid heated above 166° is decomposed, with evolution of tarry vapouw co - 
tain ing hydrocyanic acid and ammonia, and leaves a residue of charcoal 
Wohler). It burns vividly when thrown on red-hot coals (Girard), It 
at ordinary temperatures in sulphuric acid, forming a red solution, from which, on 
ution with water and addition of ammonia, the picramic acid separates 

'vnlh. hydrocMorio acid ; but by hot concentrated sulphuric acid it 

posed and carbonised (Girard). Strong nitric acid decomposes it, • nimk* 

evolution of nitrous fumes, the liquid assuming a straw-yellow colour and 

acid being converted into picric acid (Girard, Pugh). According to Vr » 
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'ti-oliJeniatic acid is not reconverted into picric acid by the action of nitric acid ; and 
toCareyJjea, this is also the case with picramic acid. 

'^^picramic acid unites readily with dasrs. Its salts are mostly crystalline ; their 
Piieral formula is C^II^MN^O*. The solutions of the alkaline picrates precipitate the 
gilts of copper, mercury and silver, but not those of manganese, iron, cobalt, or 

^ picramntp of ammonium,, C'’H*(NH^)N*0* prepared as above, separates from the 
alcoholic solution by spontaneous evaporation, in dark orange-ivd rhorabohedral table^ 
ItdMiS not de compose at 100®, but at 135® it effloresces and givirs off ammonia; melts 
at 165°, and decomposes at a liigher temperature. It dissolves readily in watiu’ and 
alcohol, forming deep red solutions, but is insoluble in ether. The aqueous solution is 
decomposed l)y eontinual boiling, with separation of a brown powder. (Girard.) 

Picramate Coj^ptr^ C‘*II"Cu''N*0“^, is a yellowish-green, amorphous preeipitate, 
vhich detonates slightly, is insoluble in water and alcohol, but soluble in acids. 


(Girard.) 

J^crametUof Lead is an orange-coloured powder which explodes when heated, and 
also by percussion, but without much noise. It dissolves in water, ammonia and acids, 
but is insoluble in alcohol. (G irard.) 

pieramata of Poias.nitm, C^II'KN’O*. — Obtained by decomposing the hot solu- 
tion of the ammonia-salt with potash. Separates on cooling in red transparent 
elongated rhombic tabb s, containing 19*9 per cent, potash. It decomposes wdth slight 
detonation when soiiK^what strongly heated, and leaves a residue ofcliarcoal. Dissolves 
pretty easily in waiter, sparingly in alcohol. (Girard.) 

Pier ate of Lari urn, G*^TDJia"N'*0*“. — ^On decomposing a hot solution of pieramatc of 
amnioniiim witli nitrabj of barium, this salt .separates in small silky tufts of red and 
gold* n-yellow needles. It boars a lieat of 200® without d<*composil ion, but detonates 
Ht ahiglier temperature, ]f3aviiig a residue of charcoal. Dissolves sparingly in water and 
alcohol. Contains 27 ’9 per cent. V)arvta. (G irard.) 

Pieramatc of Silucr, C‘’H‘AgN*0\ is obtained by decomposing the ammonia-salt with 
nitrate of silver, in tli(3 form of a briek-ivd ainorplioii.s j>n‘eipitate, wJiich doe.s not 
blacken hy exposure to light, but decompo.se.s, with blickening, at about 140®, leaving 
a residue 'whieli melts at about 165®. On gloAviug coals, it burns without detonation. 
It is insoluble in cold water and in alcohol. Doiiing water decomposes it, leaving an 
i ii.soliil)le residue. (Girard.) 


Nitrocbloroplienamlo or ikmldonitrooliloroplieiilo Aold, C"H^N*C10’ « 

(C'‘H‘)"\ 


NO* N 
Cl 0 
H 


C«HXNIP)(N0*)C10, (Grioss,Ann. Ch. Pharm. cix. 286.)— When 


dinifroehlorophenic acid or its ammonium-salt (p. 400) is digested at a gentle heat with 
sulphide of ammonium, the liquid assume.s a bloml-rod colour and deposits .sulphur ; 
and on adding acetic acid to the concentrated filtrate, nitrochloropheiiaraic acid is pre- 
cipitated and may be purified by crystallisation from hot water. The crystals dried at 
fh« ordinary temperature contain 2C*H*N*C1< but become anhydrous at 100®, 

assuming at the same time a scarlet colour. The acid has a sweetish taste with bitter 
aftertaste. When heated it turns red, melts at about 160°, solidifying again at 140® 
to a brown crystalline mass, and sublimes with partial diieom position, ltdissolve.s 
but sparingly even in hot water; the hot saturated solution solidifies on cooling to a 
network of brass-yellow capillary needles. It dissolves easily in alcohol and ether, also 
and hydrochloric acids at ordinary temperatures. Warm concentrated 
mtric acid decomposes it. Nitrous acid reduces it to diazonitrochl orophenol 
(p. 408). ^ 

^ The nitrochlorophenamates of the alkali-metals and alkaline earth-metals are 
insoluble. The salts are mostly yellow or brown-red, and detonate wlien heated. The 
(i'nmonium^salt, C‘*IP(NH^)N*C10*, crystallises from the solution of the acid in aqueous 
ammonia in yellowish-red crystals ; its blood-red aqueous solution gives off HrnnioniH 
lichen evaporated ; so likewise docs the solid salt when left over oil of vitriol in rare- 
air. Tlie harium-salt forms brown-red crystals easily soluble in w'ater. The lead- 
sa/t, C**H"Pb"N‘*Cl*0®, is obtained by adding neutral lead-acetate to the solution of the 
ammonium-salt, as a brown-red precipitate. The ammonium-salt gives a yellowish- 
precipitate with cupric sulphate, yellow with mercuric chloride, brown-red with 
titrate of sUver. 


2. By Hydriodic Acid and Stannous CUoride, 

^*icric acid treated with either of these reagents, yields a salt of picramine (^. v.); 
^ also p. 403 . 
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3. By Cyanide of Potassium, 


Picric acid treated with this reagent is converted into isopurpuric or picro. 
cyamic acid, already described (iii. 433). 

MetavurpuHc add. C»H«N*0‘.-This acif relate to dinitrophenic acid in the 
same manifer as isopurpuric to picric acid, is obtained ns a potass, um.salt, when.„ 
aoueous or alcoholic solution of dinitrophenic acid is added by drops to a solution of 
cvani.le of potassium heated to 60°. A dark coloured crystalline powder is then prc 
clpitnted, which may be purified by washing with a little cold water, recrysUllising 
from hot water, pressing, and drying over oil of yitryo\. Mdapurpurate of 
tlius obtained is a dark red substance, exhibiting metallic lustre, and dissolving with 
deep crimson colour in water and in alcohol The ~ 'Janic 

acil The analysis of the salt leads to the formula C‘H»KN*0 IT 0. It becomes an- 
hydrous when heated. The solution gives dark brown precipitates with he ch ondra 
of barium and strontium, and with most metallic solid, ions. The is rial, with 

green metallic lustre. The acid itself has not been isokted. (Pfaundler and 
Oppenheim, BuU. Soc. Chim. [21 iv. 99.) 

4. By nitrous Acid. DiAzoNiTROPiiENots. 

« siasonltropbenol. C*H»N’0» = C«H»N=(N0“)0. (Griess. Ann.Ch Pharm 
cxiii. 201.)-l’roduced by passing nitrous acid vapour into an ethereal solution of 
nitrophenamic acid (p. 406): 

+ IINO'-* = C'*H=»N»0* + 21l'^0. 

Tt then senaratea as a brownish-vcllow granular mass, and is* obtained in the same 
form, recr/stallised from alcohol. ' It yields a light yellow ^vyder tura.ng red on ex- 
nosure to light ; explodes with great violence when heated to 100°. It disso ves easily 
in alcohol, slowly aiid with partial decomposition in hot water a red amorphous poiv- 
dcr then separating, and the filtrate on cooling depositing diazonitriiphenol in small 
\rellow prisms. It dissolves without decomposition in cold hydrochloric and sulyhunc 
acids When boiled with fuming nitric add, it forms a compound winch sepanit.efi m 
vcllow flocks on addition of water. On adding carbonate of iwtassmm, to the aloohoho 
Liution of diazonitrophenol and applying a gentle heat nitrogen is evolved and the 
residue left on evaporating the alcohol yields with acids a brown-^d amorphous pre- 
cipitate which might be expecU'd to exhibit the composition of nitrophcnic acid, 
(see the corresponding decomposition of diazodmitrophenol, tnfra), but is in 
reality different -both from that compound and from its isomer, isonitrophenic acid 
(pp. 394, 396). 

Slaxodlnltropbenol. = C«H'^N^(NO*)*0. (Griess, ?oc. «0-Pro- 

duced by passing nitrous acid gas into an alcoholic solution of picramic acia . 
C«h»N» 0» + UNO* = C®H2N^O'» -f 2H«0. 

If however the picramic acid used is impure, or if it he ^ded to alcohol 
saturated with nitrous acid and slightly warmed, nothing but dinitrophenic ac 

“ DiSnitrophcnol crystaUises in brass-y. llow or goldcn-yellow bimin®, sparingly 
soluble in water, alcohol, and ether; is neutral to vegetable colours ; has a , 

and detonates violently when heated. It is dis^solyed without i, „•/, 

mineral flcirfs.but is decomposed when laeaXfAwxfh fuming sulphurw amd; , 

does not act upon it. When boiled for some time with water, it is T“, 

formation of a resinous body, and a red-brown pulverulent substance soluble “J*; 

ether and alkalis, but not crystallisable. On adding carbonate of M th^ 

eoholic solution of diazodinitrophenol, nitrogen is evolved and dinitrophenic 
produced, the colour of the liquid changing from yellow to red : 

C«H‘^N<0* + H*0 == C«H<(NO*)*0 + 0. 

The oxygen set free, according to this equation, is probably consumed in oxidising the 
alcohol. , \ 

l>la.onitr«oMoroplieaoI. C-H^>C10» - C«HW(NO«pO. . . 

This compound is formed when a rapid steeam of nitrous acid gae is piMcd thw^ 
slightly warmed solution of mtroclilorophcnamic acid, or when the ^ter isa 
alTOhol previously saturated with nitrous acid. By rec^talliration tom alcoh ^^^^ 
obtained in large brown-red prismatic crystals. It is shingly 
ether and hot waUr, crystaUises tom hot water in greenish g°*d-yeUow 
ether in furcate groups of needles. It dissolves in aulphunc^d, Md ®fll^ 
the solution afterUmtion of water, in long thread-hke crystal^ and 
decomposition in acids in general. It yields a yeUow powder turning red on exposw 
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. ijaht; detonates violently above 100®; and when mixed in alcoholic Holutiou with 
^a5s, givets off nitrogen and yields nitrochlorophenic acid. 

Appendix to ThenoUderivatives. 

^•lodopbeniO acid. — Obtained by treating phenol with a con- 

siderable quantity of protochloride of iodine. On dissolving the product in soda and 
acidulating with sulphuric acid, a precipitate is obtained consisting of mono-, di-, and 
tri'iodophenic acids, from which the two former may be extracted by boiling alcohol of 
60 per cent. The residue dissolves slowlv in strong alcohol at the boiling heat, and 
tlic Bolutiori when evaporated deposits tri-iodophenic acid in nidiate groups of yelhnv 
(.n'}»tals. It is easily soluble in ether, and decomposes when heated, with copious 
disoiigagenient of iodine. Treated with excess of protochloride of iodine, it yiehls 
pentachlorophenic acid (p. 393), which may be sublimed in splendid white 
needles. (Schiitzen berger, Bull. Soc. Chim. [2] iv. 102.) 

PHEXTOIi-BXimS* Also called Azidin, A blue dye obtained by heating pa?oniu 
(a 324) with aniline. (See Hofmann’s Report on Chemical Products ^c. in the 
Exhibition of 1862, p. 136.) 

PB£liroXil.CZSTZC iLCZS. Syn. with Phekylqlycollic Acid. (See Gxycoi.> 
lie Ethers, ii. 918.) 

PHENYXi. C"H\ In the free state — The radicle of phenol or phenylic 

alcohol: known also in the form of chloride, bromide, acetate, &e. It is obtained in 
tliH free state: 1. By the action of sulpdiuric acid on a colourless oil (probably phenylic 
oxide (C®H'')*0, p. 416), resulting, among other products, from the dry distillation of 
cupric benzoate • (List and Limpricht, Ann. Ch. Pharm. xe. 209). — 2. By the 
action of sodium on phenylic bromide or bromobenzene (Pit tig, ifnd. exxi. 361 ; 
cxxxii. 201), or of sodium-amalgam on phenylic chloride (Church, Chem. Soc. J. xvi. 
76). Fittig prepares it as follows : — A mixture of benzene and bromine in equivalent pro- 
portions is exposftd in a retort to diffused daylight for eight to fourteen days or as long 
fts white fumes of hydrobromic acid continue to appear; the contents of the retort are 
then distilled into a receiver; the distillate is .shaken with soda-ley till it become.s 
colourless ; the wattry liquid is removed ; and the oil carefully dried with chloride of 
calcium and rectified, collecting apart the portion which passes over below 160®. This 
distillate, consisting of benzene and monobroroobonzeno or phenylic bromide, is mix<‘d 
in a retort with an oxce.ss of sodium cut into thin slices; the retort is left to stand for 
24 hours in cold water ; and the product distilled off. The distillate is easily resolved 
by one rectification into benzene and pure phtaiyl, which immediately solidifies. It is 
important that the mixture of benzene and phenylic bromide be compdetely dehydrated 
before treating it with sodium, otherwi.se the hydrogen evolved from the water will 
unite with the nascent phenyl and convert a portion of it into bonzeno. A mixture 
of pure phenylic bromide with an equal volume of anhydrous ether may also be used 
instead of the mixture of phenylic bromide and benzene, but it is less advantageous. 

3. Phenyl is also produced, together with benzene and other products, by the action 
of alcoholic potash on nitrate of azophenylamine (p. 432) : 

2C«H^N* + = C"H*® + C*H<0 + N«. 

AzophenyU Alcohol. Phenyl. Aldehyde, 

amine. 

On heating the mixture in a retort, benzene passes over with the alcoliol and after- 
wards the phenyl, which condenses in the receiver as a crystalline mass, and may be 
purified by repeated crystallisation from alcohol. (Griess, Phil. Trans. 1864 [3] 

4. Together with other products, by heating sulphate of diazohenzidine (p. 412) 
with alcohol. (Griess.) 

Phenyl crystallises from alcohol in iridescent, nacreous scales which melt at 69® and 
sublime at a higher temperature (List and Limpricht); in shining laminai melting 
at 70-5® (Fittig), 70® (Griess), and boiling between 239® and 240® (Fittig). It 
gives by analysis 93*76 per cent, carbon and 6*26 hydrogen (List and Limpricht) ; 
"3*24 carbon and 6*56 hydrogen (Fittig), the formula requiring 93*51 carbon and 
64*9 hydrogen.*' 

It is converted by bromine, with evolution of hydrobromic acid, into bromophenyl, 
by fuming nitric acid into nitrophenyl, C*’*H'*(NO'‘')*. 

. The formation of these compounds shows that the formula of phenyl in the free state 
^ not C®E*, but ; for if it wore C'H* that of bromophenyl would be C"II"Br, and 


**i,*^f5 *nd Limpricht assigned to their product the formula which however dc^* 

*«*‘withlhclr analysis as that of phenyl, requiring wa-ll per cent. C,aud 6-66 H. 


does not agree »o 
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that of ni'troplienyl, CW(NO’); but these furmulto arc inadniiKsiMo becauwA 
the hydrogfili- and bromine-atoms in the one case and of the hydroeen- and 
atoms in the other is uneven. In this respect then phonylin the free ^ato 
Ot^r^-caUedalcohol-radicles. methyl, eJhyl, &c. Fitti^ l>o>vevcr :)«* «>" 

obtained as above, as bearing only a distant ndationship to the LiiX'‘’r?'^ 
phenyl-compounds, and accordingly designates it by a different name vis dint 
on the ground that the compounds formed from it by the action of bromine Lnd"/'- 
acid do not belong to the same series as phenvlic alcohol and its derivatives t i"' 
rospect however phenyl does not differ essentially from methyl, ethyl and theis i 
logues. inasmuch as none of these bodies are found to yield, by combination or snl!,??“’ 
tion, compounds belonging to the same series as the alcohol from which ft. ' 
supposed to be derived: methyl, C-II* for example, when treated with chlorine vf i?’ 
not methylic cMoride, CH’Cl, but cthylic chloride, C-'H»C1, and monochlOTinaM 
lie chloride, C'H'CF, a compound related to methyl, C^H", exactly in the same mss 
as dibromophenyl. C»H»Br», is related to phenjd, If, L ScIiorIemmeFr« 

pcriments seem to show, all the so-eallcd aleohol-radicles in the free state aro Ilf: 

be regarded as the hydride of the 

Di!>romodiphe,„jl. (Fittig, Ann. Ch. Pharm. ex«ii 
204.) This compound is produced : — 1. By saturating phenyl with excess of bromine 
umlcr water till it forms a doughy ma.s.s, removing the excess of bromine by washin. 
with soda-ley and crystallising the now solid pnidiict from boiling benaene (Filticf 
—2 By heating perbromidc of diazobeuaidine (p. 412) with carbonate of sodium, « 
Doiling it with alcohol (G rioss) : ’ 

« C'*H"Br* + + Br^ 

It forms coiicontric p-oups of rather large colourless prisrn.s having a splendid hstre 
and strong refracting power, insoluble in watrr and in cold aMo/, sparingly soluble in 
boi ing^roW, CMily in Ac««yic. It melts at 164“ to a colourle.ss liquid wfdch mnybe 
cooled below 150^ without solidifying ; at a higher tomperature it distils without de- 
composition. It is not attacked by alcoholic potash or potassic acetate, even afterpro- 

exhibit the characters of bromide of chws^ne, 
C/ 11 .Br ; neither can this hydrocarbon be separated from it by the action of soilium. 


Cbloroplienyl. C**n"Cl*. JJ/cA/orot/tj^/ienyl— Produced by heating the chloro- 
platinate of diazobenzidiiie (p. 412) in a retort, with 4 to 0 times its weight of sodic 
carbonate. A copious evolution of gas t hen takes place, and chlorophenyl distils ov.t 
as an oily body which solidifies to a white mass in the neck of the retort, and may be 
purified by recrystallisation from boiling alcohol : 

C‘«H®N^H*CP.PtCB « C''-'H»C1»*+ Cl* + Pt + N*. 

It crystallises in white, usually well-devidoped prisms, insoluble in wa/er, sparinplv 
TOlublo in fr/coAol even at the boiling heat, but readily soluble in ctAer. It melts nt 
148 to a yellowish oil, which can be distilled without decomposition. fGriess, Phil. 
Trans. 1864, Pt. lii. p. 730.) ^ ^ 


J^i'nitrodiphenyl, (Pittig, Ann. Ch. Pharm. exxiv. 
270.)— A solution of phenyl m fuming nitric acid solidifies to a mass of needle-shaped 
crystals consisting chiefly of this compound. It is purified by filtering the liquid 
through gun-cotton, washing the remaining crystalline mass with water, boiling it with 
small quantities oi alcohol, as long as the liquid is coloured yellow thereby, and 
crsytalli&mg the white mass five or six times from alcohol, taking care that a small 
portion remains ouch time undissolved. When thus purified it crystallises in lung 
colourless needles, which molt at 213° and decompose, with separation of charcoal, at 
n stronger heat. ^ It is quite insoluble in water, and very sparingly soluble in alcohol. 
By covering it with alcohol and sulphide of ammonium, and passing sulphydric acid 
ps through the liquid till the whole of the nitrophenyl is dissolved, it is converted 
into amidonitrophenyl C‘'^H»(NIP)(NO»), and amidophenyl 
which is identical with Zinin’s benzidine (i. 644), the former or the latter pre- 
dominating according as the decomposition takes place in a cold or a hot solution. 
These two bases are easily separated from one another, as the latter only is soluble 
in hot water, alcohol or hydrochloric acid, and is almost wholly precipitated from these 
solutions by sulphuric acid. 


Isonttrophenyl, C>*H»(NO*)*.— This compound, formed, simultaneously with the 
nitrophenyl above described, by the action of fuming nitric acid on phenyl, |^mains m 
the mother-liquor after the latter has crystallised out. On mixing the acid fiffrate with 
watOT, asoft yellowish-white mass separates, which by repeated crystallisation frotn 
alcohol, may be resolved into liquid nitrobenzene and crystalline isodinitrophenyL 
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by melting at a much lower temperature, viz. at 93*6°, aiiS by forming 
' til reducing agents two bases differing in properties from the two just described, 
hough agreeing with them in composition. (Fit tig, loc. cit.) 
gromonltroplieiiyl. C'‘^II‘‘Br*(NO^)*. Dihroimdinitrodiphenyl. (Fit tig, Ann. 

Pharm. cxxxii. 200.) — Bremophenyl, gently heated with fuming nitric acid, dis- 
solves with somewhat strong reaction, and after a few minutes the whole solidifies to a pulp 
Ifiiue noeiilc-shiipc'd crystals of this compound, which, after washing with water, maybe 
.j.vslallis<*d from hot benzene. It is perfectly insoluble in water ^ vt^ry sparingly soluble 
^{alcohol even at the boiling heat, more easily in hot hensenc^ whence it crystallises in 
.|,lciulid slightly yellow capillaiy needles, often an inch long. It is very much like 
liiiitropheiiyl in external appearance, and cannot be volatilised without decomposition. 


is insoluble in wdter^ easily soluble in hot alcohol. It is distinguished from 


Bases produced by reduction of the preceding Nitro-compounds. 

Amldopbenyl, - C'’n«(NH«)* or BenziOtae, 

compound is obtained l)y evaporating the solution of nitrophenyl after prolonged treat- 
iiieiit with siilphydric aeid, as above described, dissolving the residue in dilute hydro- 
t hloric acid, and precipitating with sulphuric acid. 'I'lie sulphate thus separated is 
)Ji cotiiposi-d by boiling with ammonia, and the free base is purified by re-solution ira 
hot water, juveipitiitioii \vith sulphuric aeid and separation by ammonia, and finally, 
iv.r\slallis( d from hot w’ater. It crystallises in colourless shining scales which melt 
lit IKS^ (not at as generally stated).* (Fittig, Ann. Ch. Pliarm. cxxiv, 275.) 

Amldonltropbonyl, C'-II"’NV- ^ C'ni"(,NIl=)(N()-') = | N, is ob- 

taiii'd by evajiorating tlm above-mentioned solution of nitrophenyl after treatment 
with sulphyilrie aeid, and boiling the residue with water till the resulting solution 
uo lungin’ gives a precipitate (of benzidine) with .su1p)hijrie acid. The residual ami- 
(lunitrophenyl is dissolved in moderately dilute hydrochloric acid, the liquid is filtered 
to separate sulphur, tlien [U’ecipitaled by ammonia, and tlie bulky red flocks thus 
ol'tijiued arc washed with water and dissolved in hot alcohol. On adding hot water 
to the alcoliolic solution till it begins to show turbidity, amidonitrophenyl septirates as 
a crystalline} powder, which is purified by several repetitions of this treatment, and 
finally recrystallised from hot alcohol. It forms small, bright-red, needle-shaped 
rryslals, melts at about 160°, volatilises with partial decomposition at a higher tem- 
pCTature, dissolves sparingly in water^ but easily and with red colour in boiling 
alcohol. Its solution in hot strong hydrochloric acid is nearly colourless, but turns 
red on cooling and deposits the free base again when evapor.ated. The platinum- 
salf^ C'‘"ll**’N*0’'.H“Cl*.Pt‘’Cl^, is a floccnlent, very easily decomposiblo precipitate. 
(Fittig, lor. cit.) 

Bromamidoplieiiyl or Broznobenxldlnep — This base cannot l>n 

prepared by reducing nitrobromophenyl with sulphide of ammonium, this reaction 
yielding nothing but brown resinous products insoluble in hydrochloric acid. But 
when the nitro-compound is heated with tin and strong hydrochloric acid, it dissolves 
after some time, and on diluting the solution with water, and filtering, the filtrate de- 
posits, after a while, hard nodular groups of crystals consisting of a compound of hydro- 
(hloruto of bromobenzidine with stannous cliloride ; and this when boiled with dilute 
aqueous ammonia yields bromobenzidine as a faintly yellow oil, which solidifies to a 
glutinous mass on cooling, and may be separated from stannous oxide by solution in 
uh-oliol, whence it separates in hemispherical groups of small hard crystals, very much 
like sugar-candy, but always having a yellow or brown colour arising from partial 
oxidation taking place in the alcoholic solution. It is insoluble in water, melts at 89° 
Hnd decomposes at higher temperatures, with evolution of hydrobroinic acid and separa- 
tion of much charcoal. It is a much weaker base than benzidine. 

iJydrochlorate of bromohenzidine is obtained in small colourless prisms on dissolving 
the base in dilute hydrochloric acid and mixing the solution with strong hydrochloric 
It is partially decomposed by solution in water, and appears also to lose a portion of 
Its acid on mere exposure to the air. Ammonia added to the solution thiws down 
hromobenzidine as a pure white amorphous precipitate. The chloroplatinate is a brown 
ftworphous precipitate wUich cannot be purified by recrystallisatiop. The sulphate is 
soluble in water; dilute sulphuric acid does not form any precipitate in a solution of 
the hydi^jchlorate. (Fittig, Ann. Ch. Pharm. cxxxii. 207.) 

•tfttement fotind In most Mnnunls of Chemistry, and at paRO 54S vol. i. of this work, that ben- 
' «ne melts at 108®, appears to h;ive originatediii amisprintin Zinin’s paper (J. pr. Cittrm. xxxrl. 

See QmcliH't HanCbuok, x. 330. 
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A body ii5omoric willi bromobenzidino (probably bromide of azobenzeno), ig obtai 
by the direct action of liromine on azobenzene, This product is Bparin^i 

soluble in alcohol and ether ; crystallises from alcohol in needles having a faint yell , ! 
colour and golden lustre ; molts at about 205^', and sublimes in needles. When he - 1 ."i 
with nitric acid of specific gravity 1*42, it dissolves completely, and the solution^? 
cooling deposits the compound C‘-IP(NO*)N‘'Br* in straw-yellow needles, which aiv 
very soluble in alcohol, and melt at about 159° to a liquid which soon boils and decuV 
poses at a higher temperature. (A. Werigo, Ann. Ch. Pharm. cxxxv. 178.) 

Siazobenzidine, ^ Jn*. Titrazodiphenyl. (Griess.Phii 

Trans. 1864, Pt. iii. p. 719.) — A base obtained as a nitrate by the action of nitrona 
acid on nitrate of benzidine: 

-t 2NnO* » + 4H20. 


When nitrous acid vapour is passed through an alcoholic solution of nitrate of ben- 
zidine, a brown amorphous body separates in considerable quantity (from an aqueous 
solution only traces are deposited) ; and on mixing the filtrate with twice its volume of 
strong alcohol and adding other, nitrate of diazobenzidine is precipitated in ininute 
crystals, which may ho purified by dissolving them in a very small quantity of water 
and reprecipitating with alcohol and ether. 

Nitrate of DiasohensidinPy C'*IPN*. 2 NnO*, crystallises in white or sh^htly 
yellow needles, easily soluldo in water, less soluble in alcohol, insoluble in ether. AV1i, m 
heated they explode with violence. The aqueous solution left in a cold place grafln:i!i’ 
undergoes spontaneous decomposition, and on healing it , nitrogen is evolved, and 

diphenyl-alcohol (or rather xenylenic alcohol) C‘'GI‘®0* -■ ^ |o*, 

is deposited in white crystals, together with a brown amorphous substance : 

C‘’^H“N^2NHO* + 2H’0 = + 2NHO» + N*. 


(See Xenylenic Alcohoj-s.) 

JPerhromidc of Biazohensidine, C’*H®N^2HBr.B^^ is precipitated on adding 
bromine-water to an aqueous solution of the nitrate, in round reddish crystals, which 
must be washed on a filter with water, and quickly dried over oil of vitriol and quick- 
lime. It is very unstable, gradually giving off bromine even at ordinary temperatures, 
It is also decomposed, with evolution of gas, by solution in alcohol. Heated with cav- 
lionate of sodium, off bromine and nitrogen, and leaves bromophenyl(p. 410): 

C'‘-*H«N*.2HBr.Br^ « C>*H“Br* + Br* + N». 


By aqueous ammonia it is converted into bromide of ammonium and tolrazodi- 
phenylimide: 

C''H*N'.2IIBr.Br'* + 8NH* - | N* + 6NH•B^ 

Perbromide. Tetriizodiphcnyl- 

imide. 

The tetrazodiphenylimide is deposited in crystals, and by repeated crystallisation 
from strong alcohol may be obtained in small, very brilliant, white or yellowish plates, 
insoluble in water, very sparingly soluble in cold, easily in boiling alcohol, moderately 
in etlier. It m#‘lt8 at 127° to a yellow oil, which is decomposed with slight explosion 
at a higher temperature. It is neutral to test-paper, does not combine with acids or 
alkalis, is not altered by boiling with strong hydrochloric acid, or with aqueous or 
alcoholic potash, but is decomposed by nitric or by strong sulphuric acid. 

Platinochloridr. of J)i asohenzidine, C'HI''Nl2nClPt'^CB, is precipitated 
by platinic chloride from a solution of the nitrate or sulphate, in light yellow, very 
small narrow plates, or from very dilute solutions in small elongated, well-formed hex- 
agonal plates. It is almost insoluble in water, alcohol and ether. Exposure to light 
during drying causes the crystals to turn brown. Heated with carbonate of sodium it 
gives off* nitrogen and chlorine, together with chlorophenyl (p. 410) which passes 
over as an oil, and solidifies as a white mass in the neck of the retort : 

C‘»H«N\2HClPtCP = C'^ffCl* + Pt + CP + N*. 

Sulphate of Diazohenzidine, C‘*H*N*.3SH'''0\ — On mixing a concentrated 
aqueous solution of the nitrate with cold sulphuric acid, previously diluted "^fith its 
own bulk of water, and then adding strong alcohol, this salt i^eparates either as a 
white crystalline powder, or in white needles ; if alcohol does not precipitatl it com- 
pletely, ether must be added. It is very soluble in water, and explodes when heated 


* N<»(rlecting the hydrobromic add, the compound may be regarded at the bromide of a tetratom*® 
radieJt ; (C‘^H'‘N<Jl»Br\ 
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TTpstpd with alcohol,, it is violently decomposed, giving off nitrogen, sulphuric acid and 
j^ehyJo, and yielding white crystals of phenyl (p. 410) : 

2iC'"n'‘N'.3SH*0^) + 4C*H«0 « 2C'*H‘» + 4C*H<0 + N* + 6SH*0*. 

of liiuzo- Alcohul. Phenyl. Aldehyde, 

benzidine. 

On heating a solution of the sulphate in a small quantity of oil of vitriol, a violent 
evolution of nitrogen takes place, and a brown liquid is formed containing a trisulpho* 
and a tetrasulpho-acid : 

+ 3SH‘“0« = C'*H«3SH®0* + 

C'-IPN^ + 4SH*0* « C**H«4SIPO* + N^. 

On boiling the brown liquid^ with thirty times its volume of water, saturating with 
cjirbonute of barium, evaporating the filtrate to dryness over the water-bath, and ex- 
liausting the residue several times with water, the barium-salt of the trisulpho-acid 
dissolves while that of the tetrasulpho-acid remains behind. (See Sulphuric Ethers.) 

Biaxobenzldiiie-.A.niline or Xllazodiplienylene-dipbenyl-tetrainine» 


(C»WN7S 

= C'“IPN\2C®H’N = (C‘’H*)*VN^ Tetrazodijihenyl-amidohmzol, 

-This compound separates on adding aniline to aqueous nitrate of diazobenzidine, 
as a yellow crystalline mass, whicli may be purified by repeated washing with alcohol : 

C'‘-H®N^2NHO» + 4C«H’N = + 2(C®H'N.NHO*). 

It is insoluble in water, and very sparingly soluble even in boiling alcohol and 
ftluT, from which however it separates in lance-shaped crystals, generally united in 
srt-lluto groups. It explodes when heated, and decomposes, with evolution of nitrogen, 
when boiled with mineral acids. (Griess.) 

PBENYXiy BROMIDE OP. C“H*Br. See Monohromobenzene, under Phenyl, 
Htuuidk of (p. 414). 


PHENYZip CKXiORXDE OP. C®H®Cl. See Monochlorobenzkne, under Phenyl, 
Hyduidh of (p. 414). 


PHENYl., CYiLErZDXS OP. C«IP.CN, or Benzonitrilc, CGT®N.— Already de- 
scribed under the latter name (i. 563).— Mendius has shown (Ann. Ch. Pharm. 
vxxi, 129 ; Jabresb. 1802, p. 321), that when treated with hydrochloric acid and granu- 
liited zinc, it is converted, by the action of the nascent hydrogen thereby evolved, into 
a biisc C’H»N, isumei-ic with benzylamine (toluidine), methylaniline, and luticline, but 
*l;ffL‘riiig in its properties from all three. This base is an oil lighter than water, having 
an aromatic not unpleasant odour, boiling between 182'5° and 187-50, soluble in water, 
miscible in all proportions with alcohol and ether. The aqueous solution becomes 
turbid at the heat of the hand, from separation of a portion of the dissolved oil. It is 
iif't coloured by chloride of lime ; when evaporated with 7iitric acid, it emits the odour 
ct bitter almond oil. When exposed to the air it is quickly converted into small shin- 
ing needles of the carbonate. It forms thick white fumes with hydrochloric acid. The 
h:ldrochlomt<\ C^H®N.HC1, is infusible, sublimable, easily soluble in water and alcohol, 
insoluble in ether, and crystallises in rather large square plates. The chloroaurate crys- 
nlliscs in long yellow needles ; the chloromercurate from alcohol in radiate groups of 
needles ; the cHoroplatinate, 2C’II'‘’NCl.Pt‘"Cl®, in very thin plates. 

PBERYXi, RYDRATB op. See Phenol (p. 289). 

VBENYZi, hybrids op. C®II®II. — Syn. with Benzene, under which name 
j naa been already described, together with several of its derivatives (i. 541). We 
lave here to notice several new derivatives of benzene, and some additional observationa 
those already described. 


Azo- and Amido-benzenes. 

n^onophenylamine, C®II’N, is regarded by Griess as amidobenzeno 
and by the action of nitrous acid on aniline and its salts, compounds are 
ormed wntaining the bases and C*-H**N*. The former is regarded by Griess 

lazobenzene, that is, as formed from benzene, C*H*, by the substitution of 2 atoms 
nitrogen for 2 at. hydrogen ; the latter as a compound of diazobenzene with amido- 
ene (aniline) « C‘'H®N®.C*H*(NH.*). The compound may however also 

regarded as azophenylamine ^ | N*, that as monophenylamine having 

3 at. hydrogen replaced by 1 at. nitrogen ; and the compound in like manner 

azodiphenyl-diamine N"' j-N*. Viewed in this light they will be described, 
with their bromo-, chloro-, and nitro-derivatives, under Puenyi-amines. 
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Bromohenzenes. 

Monobromobenzene, — This compounfl, obtained by the action of h 

mine on benzene (i, 542), appears to bo identical with bromide of plienyl produced 
the action of bromide of phosphorus on phenol. Fittig’s mode of preparing it f 
benzene has been already given under Phenyl (p. 409). To separate it from 
altered benzene, the mixture of the two, obtained as above, is rectified, and the 
which distils between 162° and 164° is collected apart. Kiche (Ann. Ch. I»harnf 
exxi. 367), by distilling 120 pts. of phenol with 90 pts. bromide of phosphorus 
tained an oily distillate having a sweetish taste like that of chlorobenzene, boilin' 
between 168° and 166°, and containing somewhat less carbon than that required bv 
the formula C"H“C1 ; but it was evidently impure. ^ 

Monobromobenzeno or bronnde of phenyl is not attacked by caustic potash, cyanide 
of potassium or acetate of silver; with sodium it yields phenyl, according to 

Fit tig, benzene according to Riche; but the production of benzene probably awse 
from the presence of moisture (p. 409). 

Stbromobenzene, C^IPBr*, is obtained, mixed however with tribromobenzene, 
by the action of bromine in excess on benzene (C on per, i. 643). A purer product S 
obtained by heating the bromoplatinate or the perbromide of azobromoplienylammoniiwi 
(see Phbnylamines, p. 437), either alone, or better with carbonate of sodium: 

2C«H<Br» + Pt + N« + Br«. 

Dibroino. 
bi*n*»*no. 

C«H«Br* + N** + Br*. 

Dibromo* 
benzene. 

A still better method is to decompose the perbromide with alcohol ; the decom- 
position is complete after a few minutes* boiling, and if too much alcohol has not been 

used, a large portion of the dibromobcnzenc separates at once in crystals; the remain^ 
is precipitated on addition of water as thick oil, which soon solidifies to a crystlUm 
mass. After washing with a little alcohol and pressure between bibulous paper, mii . 
mass, together with tlie crystals first precipitated, is subjected to distillation ; dibromo- 
benzene then distils over as a colourless oil, which speedily solidifies. 

Dibromobenzene crystallises from ether in rectangular prisms or small plates (Gri ess), 
oblique prisms (Couper); melts at 89° (Coiipor, Griess), and boils at: 219° 
(Couper). It has an aromatic odour. (Griess.) 

Tiibromobenzene, C^IPBr*, has been already described (i. 643). * 

TetrabromobenzenOfC^IPBr^, has recently been obtained by Ri ch o andB^rard 
(Ann. Ch. Pharm. cxxxiii. 61) as follows : — Dibromobenzene is prepared by exposing 
benzene to the action of bromine in a long-necked flask, so that no bromine may be 
lost, and the resulting crystalline mass is heated with excess of bromine to iSOf^in 
sealed tubes till the tubes become filled with small crystals. These, which consiflttipf 
tetrabromobenzene, are separated, by recrystallisation from alcohol in which they ilje 
but slightly soluble, from undeeom posed dibromobenzene which dissolves eamly iu 
that liquid. Tetrabromobenzeno forms beautiful, silky, very white crystals, wndSfies 
from fusion at about 160°, and volatili.ses in flocks. 

The bromohenzenes are attacked by fuming nitric acid, yielding the oaresponding 
nitrobromobenzenes (p. 406). 

Chlorobenzenes. . ' ■ ' 

XHonooblorobenzene. C*H*C1. — This compound, produced by the JUrffcrfr 
chlorine or chloride of iodine on benzene (Hugo Muller, Chom. Soc» J. xv. 4l» 
Fittig, Ann. Ch. Pharm. cxxxiii. 49), appears to be identical with chloride of phe^V 
obtained by the action of peutachloride of phosphorus on phenol. (Lii^irent and 
Gerhardt, Ann. Ch. Pharm. Ixxv. 79; Williamson and Scrughani,st/h«ni' 

Qu. J. vii. 238; Riche, Ann. Ch. Pharm. exxi. 357.) , 

Preparation. l. Piom BinzeTie . — Benzene aKsorbs a small quantity of chlorine, aw 

if it be exposed to light or heated to the boiling point, hydrochloric acid is sloady ^ 

and two series of products are obtained, viz. chlorides of benzene C"H*CP, C*Hyi» 
C^H^CF, and chlorobenzenes C*H*C1, C®H*CF, C®II*C1*, the. former being produced in 
larger quantities than the latter. But when chlorine is passed into benzene contain* 
ing iodine in solution, a much more copious evolution of hydrogen taken plan®> 
chlorobenzene, C®H®C1, is produced in much larger quantity, together “Vith 
two substitution-products just mentioned; if the chlorine is in eke^sa* a ljfatttiiuny 
ciystallised compound is liKewise formed. (Hugo Muller.) ^ ii 

2. From Phenol, — When 2 at. pentachloride of phosphorus are n<Sdnd by whnll ^ 
tioris to 6 at. phenol, a violent action takes place at first, great heaC being' 
and hydrochloric acid evolved; but this action soon ceases and it becomia nec«»n**7- h 


2(C®H®BrN^.2HBr).PtBr® 

Bromoplatinate. 

C®H<BrN*Br® 

Perbromide. 
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tlip mixture. If it be tnen distilled upwards till it has nearly ceased to gire off 
1 '1 lorie aoid, and the distillate subsequently collected, about J of the whole distils 
.''ik IuW 240°, and the temperature then rapidly rises above the range of the mor- 
1 theruioiiietor. The distillate collected below 240° is a limpid colourless liquid, 

.h when washed with hot water and subsequently with potash, yields a thick oil 
"l ■ h settles to the bottom of the vessel ; and on submitting this oil to fractional 

V t llitiou, collecting apart the portion which passes ovi-r at 136° to 138°, chloride of 
I nvl is^ obtained, nearly pure but in small quantity. The brown liquid which distils 

F/ ve the range of the thermometer is phosphate of phenyl, and constitutes by far the 

V rwst portion of the product. When an (excess of chloride of phosphorus is used in 
iliiMU’epiirntioii, the quantity of phenylic cliloride obtained aiipears to be still smaller 
tbin witii the above proportions. 

Chlorifle of phenyl (obtained by the second process) is a colourless mobile liquid, 
boiling 136° (W. and S.), at 137° (Kiche). Acconling to Laurent and Gerhardt, 
it is converted by water, and more quickly by aqueous potash, into plienol ; 

C'*H»C1 + H*0 « HCl + C«H«0 ; 

but according to Riche (Ann. Ch. Pharm. cxxx. 256), it is not attacked by potash, 
nut even when heated with alcoholic potash in a sealed tube : hence he regards the 
compound obtained as above, not as cliloride of phenyl, but as monocblorobenzeno. 

Puw chlorobenzene prepared by Muller’s process is likewise, according to Pit tin g 
(.\nn. Ch. i’harm. cxxxiii. 50), perfet;tly indifferent to the action of alcoholic potash, 
iiot yielding a trace of phenol or of chloride of potassium, even when heated with it for 
tjcreral hours. On the other hand, Church (Chem. Soc. J. xvi. 76), by heating 
knzono with hydrochloric acid and acid chromate of potassium, obtained a di.stillafe 
enutaining, as chief product, the compound C'*H®Cr^ or C’-'H'Cl.IICl, which when lioated 
with strong alcoholic potash yielded phenol; but as the chlorinated compound used in 
this experiment was the critde product of tho action of nascent chlorine on benzene, 
which had not been submitted to any process of piiriH(*ation, it is by no means certain 
that-the plumol thus obtained really resulted from the decomposition of plienylic 
chloride or chlorobenzene. The same crude distillate washed witli aqueous potasli and 
rectified, yielded phenylic chloride, which when distilled over sodium-amalgam loft a 
residue! containing phenyl, (p. 409), together with a small quantity of a yellow 

eryf^tulliiie body, probably chrysene, nCHl\ wJiile the distillate contained, together with 
u'liiltiTcd benzene, a hydrocarbon boiling at 91°, and likewise having the composition 
(‘H*. (Ohurcli.) 

Pure chlorobenzene is not attacked by acetate of silver, by an alcoholic solution of 
potiissic acetate, or by ammonia. Heated with sodium it yields benzene (Riche), 
probably arising from a trace of moisture (see page 409). 

Diohloro1>enzene« C*1PC1*, is obtained by heating the chloroplatinato of azo- 
chlowpheiiylamiiie, 2(C'*IPC1N* HCl).PtCP, with carbonate of sodium, and crystallises 
in lolig needles or elongated four-sided plates?, having tho same peculiar aromatic 
odour as dibroinobenzene. (Griess, Phil. Trans., 1864, [3], 705.) 
Trio|ilorobenzeiie« C^H^CP, has been already described (i. 643). 

Hydrochloratf' of trichlorohenzenc, C®H®CP = C^H^CP.iHlCl, heated with acetate of 
silver, yields compounds resembling the gluco.sides in their power of reducing cupric 
oxide in alkaline solution. (Rosenstiehl, Jahresb. 18G2, p. 481.) 

^orohromobenzeney C^H^ClBr, is obtained by heating the chloroplatinate of 
«4)b«pplg^lniiii6 with carbonate of sodium : 

. '^(C*H»I3rmnCl)PtCP *= 2C«H^ClBr + Pt + CP + 

The crystals which condense in the nock of the retort may be purified by pressing 
betwopii filter-paper, distilling a second time, and recrystallising from alcohol. 
Chlorobromohenzene dissolves rather slowly in alcohol, but easily in ether, and erys- 
blhses from a hot saturated alcoholic solution on cooling, or from the ethereal solution 
hy evaporation, in white needles or plates having a peculiar odour like that of benzene. 
I'iriess, Phil Trans. 1864, [3], 702.) 

lodobenzenes. 

jJ*®®olodobeiizene or Iodide of Phenyl.— Sc rugh am, by treating phenol with 
and phosphorus, obtained a liquid which, aft er treatment with potash and reetifi- 
boiled at 260°, and was found to contain iodine. This liquid was presumed to 
I '^dido of phenyl, but the quantity obtained was not- sufficient for a satisfactory 
nvestigation (Chem. Soc. J. xiii. 244). Several other chemists have attempted 
^vvpanition of phenylic iodide, with no better success. 

Bromiodobeiizene, 0*H«BrL formed by boiling the perbromide of azoiodophenyl- 
(perbromide of diazoibdol>enzene) C^H’IN’.Br’, with alcohol, ciiystallises 
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from ethor or alcoliol in lai^e white plates which are volatile without decomposition 

Nitrohenzenes, 

Mono- and 3>l-nitrobenzene have been already described (i. 543 ; iy. »» 
former is converted by sodium-amalgam into azobenzene (i. 477) : * 

2C«H\NO*) + H" = + 4H»0. 

Nitr<>b«nzcno. Azobenzciic. 

Part of tlie nzobenzene, however, takes up 2 at. hydrogen more, and is conveptp<1 ; 
benzidine. (Werigo, Ann. Ch. Pharm. cxxxv. 176.) ^ 

IVitrobromobenzenet C®H‘*(NO‘')Br, is produced by the action of fuming nit ‘ 
acid on monobromubenzeiie (C on per, seei. 543). When treated with reducing agent^ 
it yields brom aniline, C®II®BrN. A nitro-bromobenzene having exactly the same 
comjKjsition and properties, is produced by hea'<>i;ig bromoplatinate of jS azonitro* 
plienylamine (obtained from i8 nitraniline)^ with carbonate of sodium : 

2[C®H®(N02)N*HBr]Pt‘^Br* « 2C®H\NO'*)Br + N® + Pt + Br^ 

or by heating the perbromide of /3 azonitrophenylammonium with alcohol ; 

CTT\NO'^)N‘Br* = C®HXNO*)Br + N* + Br*. 

It molts at 126® t and crystallises in long white needles (Griess, Phil. Trans. 1864 
1 3], 7 12). An isomeric compound distinguished ns a nitrobromobenzene is obtained iu 
like manner from tho perbromido of a azonitrophenylammonium. It crystallises in 
rhombic prisms which m<‘lt at 60° (Griess). a and J3 nitrobromobenzene treated 
with sulpliido of ammonium, yield respectively a and /B bromaniline. (Griess.) 

XTitrodibromobenzene, C"H®(NO‘^)Br*, is obtained by the action of fuming nhric 
acid on dibromobenzene. When heated with alcoholic sulphide of ammonium it yields 
dibrom aniline. (Riche and Berard, Ann. Ch. Pharra. cxxxiii. 61.) 

xritrotetrabromobenzenef C®H(NO*‘‘)Br^ is a crystalline product obtained bj 
the action of fuming nitric acid on tetrabromobenzene. (Riche and Berard.) 

liritrooliloro1>enzene« C®TT\NO‘‘')Cl, produced by boiling monochlorobenzene with 
strong nitric acid, crystallises in long necjdles, melts at 78° and solidifies at 74®. It 
dissolves sparingly in water, easily in hot alcohol and in ether. By sulphide of am- 
moniu7U 'Arni other reducing agents it is converted into chloraniline. (Riche, Ann. 
Ch. Pharm. exxi. 357.) 

Blnitrodlclilorobenzene, C*H*(NO®)*Cl, is formed by the action of penta- 
chloride of phosphorus on diiiitrophenic acid, perhaps thus : 

CWCNO-^y-jQ ^ ppp ^ C«H*(NO>)’'Cl + PCPO + Ha. 

The resulting yellowish liquid, decanted on cooling from the excess of chloride of phos- 
phorus, solidifies in a few days to a crystalline mass which may be washed wth cold 
and dissolved in hot alcohol. The alcoholic solution becomes milky on cooling, and 
deposits the compound as a yellow powder, which after a few days solidifies in needles, 
(Laurent and Gerhard t, Ann. Ch. Pharra. Ixxv. 79.) 

Trlnitroolilorobenzene, Trlnltropbenyllo cbloridOt or Chloroplcrylf 
C®ir^(NO‘‘')^Cl. — This compound is obtained by the action of 1 at. pentachloride of 
phosphorus on 1 at. picric acid : 

C®Ha(NO'0“O + PCP = C«H*(NO*)>Cl + PC1»0 + Ha 

The two bodies act violently on each other at first, and copious fhmes of hydrochlono 
acid are evolved. As soon as this action ceases, and oxychloride of phosphorus begins 
to pass over, the retort must be removed from the fire, because the chloropicryl would 
be decomposed by further heating, and a resinous substance formed: hence thechlow* 
picryl cannot be completely purified from oxychloride of phosphorus by distillation. 
It is a yellow, solid body having an agreeable odour. Water decomposes it, fommg 
hydrochloric and picric acids. It dissolves in alcohol and in ethey. Carbonate of a®' 
moniuin converts it into picramide (5^. v.). (Pisani, Ann. Ch. Pharm. xcii 326.) 

PBinrYlzp XOBXBII OX*. See Iodobenzenb, p. 415. 

VBSmX, OXXBB or. (C*H*)=0.— This compound appears to he 
heating chloride of phenyl with phenate of sodium: C®H*C1 + C*H*NaO » 

* «-nitraniiine Is tho base produced by the action of sulphide of ammoniulil jaiB 
/9-aitraniline Is the isomeric compound obtained by distilling certain nitrated 
potash (see Phrnvlaminrz)- This is the mode of distinction proposed by Hofmanns 
adopted. In Gricss's paper, however, above referred to, the meaning of the preSxes a an^ » " 

t According to Couper, nitrobromobenzene prennred by the action of nltrlb.aeld on ; 

below 90® ; but Griess has shown that the pro<luct thus obtained melts at exactly the same pe«» 
prefiared from theplatiuum-'alt of a-azonitrophenylainlne. 
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/0iH 5)*O : the formation of chloride of sodium was observed, but no distillate was ob- 
ninUfScrugham). Lis t and Limpricht (Ann. Ch. Pharm. xc. 209), by subjecting 
h twoate of copper to dry distillation, obtained, amongst other products, a colourless oil, 
kiilin" at 260"^, and yielding by analysis 84-3o —84-60 per cent, carbon and 5-99 
numbers agreeing nearly with tho composition of phenylic oxide, which re- 
Quirfs Sl’7^ per cent, carbon, 6-88 hydrogen, and 10-42 oxygen.* This oil had an 
J.Trf'eable odour of geraniums, was insoluble in water, sparingly soluble in alcohol, very 
goliihle in ‘‘ther. It was not decomposed by alcoholic potash, but when heated with 
siilpiiuric acid it yielded a white crystalline body J laving very nearly the com- 
post of phenyl, (p. 4^ 

SWIPHIDBS OP. Protosulpkide, (St on house, 

rroL’. Koy. Hoe. xiv. 351.) — This compound, or a body i.somoric with it, is obtained by 
the dry distillation of sulphobenzolate of sodium, C^JT^NaSO^ When this salt, in the 
form of dry powder ami in quantity not exceeding 25—30 grammes, was heated in a 
ooppor fla.sk, an oily body covered with a layer of water condtMised in the rf‘ceiver, and 
a considerable quantity of carbonic and sulphurous anhydrides was evolved, while 
ourbonaecons matter and carbonate of sodium remained behind. The crude oil begun 
to boil at about 80°, between which temperature and 110°, water and benzene passed 
over. The boiling point then rose quickly to 290°, at which temperature the greater 
portion of the liquid distilled over, leaving a black tarry residue ; and this when more 
.Wrongly heated gave a further quantity of an oily body which, when rectified, yielded 
tho euliatiincii boiling at about 290°, and above 300° a liquid which after standing for 
gorno weoks deposited a few crystals. 

The oil boiling between 290° and 300°, which amounted to about two-thirds the 
V. iglit of the crude oil, yielded on rectification an oil boiling very constantly at 292 5°, 
and containing, after further rectification in a current of hydrogen, 77-12 per cent, 
carbon, 5’38 liydrogen, and 17*49 sulpliur (mean), agreeing nearly with the formula 
which requires 77*41 C, 5-38 H, and 17*20 S. 

Sulphide of phenyl is nearly colourless, with only a very faint yellow tinge, and has 
an aromatic but slightly alliaeeoii.s odour. It has a high refraotive power, specific 
gravity 109, and boils at 292*5°. It is insoluble in water, very sohi])l(j in hot spirit^ 
from wliich it partially separates on cooling, and is mi.scible in all proportions with 
dhtr, benzene, and sulphide of carhon. Its alcoholic solution mixed with, pi atmic chlo- 
ride, gives a slight fiocculent precipitate, which on standing resolves itself into a red- 
disli-coloured oil. JSitrate of silver and rncrevric chloride give no precipitate. It dis- 
j^olv(s sparingly in cold strong sulphuric acid, forming a red solution; but on raising tho 
Unipmlure tho whole dis.solvos, forming a greeni.sh -black liquid, which becomes colour- 
loss when largely diluted with water, and on neutraHsation witli chalk yirdds an organic 
Ciik'ium-salt. Tho solution of the oil in strong sulphuric acid blackens and gives off 
sulphurous anhydride wlnm very strongly heated. It is not aett^d upon by solutions of 
thealkiilis, eitlier aqueous or alcoholic, but is decomposed by heating w'ith solid potash. 

Sulphide of phenyl heated with strong nitric avid, or wdth avid chromate of 'potassiu)7i 
imil dilute sulphuric acid, is converted into a ciy-stalline substance having the conipo- 
Htion of Mitscherlich’s sulphobenzene, but differing from it greatly 

bth in chemical and in physical properties: hence for distinction called sulpho- 
benzoleno (g'. v.). 

bisulphide, (C. Vogt, Ann. Ch. Pharm. cxix. 142.) — This compound 

18 produced from phenylic sulphydi-ate or phenyl-mercaptan: 1. By oxidation with 
nitric acid : 


2(C«H»)HS + HNO^ - (C«H*)*S* + NO* -t- H*0. 

phenyl-mercaptan is gently heated with nitric acid of specific gravity 1 *2 in a 
ort connected with tho beak of a Liebig’s condenser till red fumes begin to escape, 
‘‘action goes on of itself without further heating, and at its termination, the oil, which 
a^ tirst floats on the top of tho liquid, sinks to the bottom, and solidifies on cooling to a 
j_i}stalline mass which, when washed with water and dissolved in boiling alcohol, yields 
spontaneous evaporation noodlo-shaped crystals of disulphide of phenyl. — 2. A solu- 
on of phenylic mercaptan in alcoholic ammonia, left to evaporate spontaneously at 
ofil?r? ^^^P^ratures in a wide cylindrical vessel half filled 'with it, also yields crystals 
of ^ quantity of this compound is obtained in the preparation 

of phrayl is obtained by the first method in long white shining needles ; by 
of beautiful regularly developed crystals half an inch long, and having the form 

^orhombic prisms with truncation of the macrodiagonal and brachydiagonal 

Vat assigned to it the formula C*2/r»0" '•'hlch requires 84*07 C and 5-73 H. 

’OL. Iv^ 22 ^ 
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lateral and terminated by a simple dome. It has a faint not nnplofisant odn- 

is insoluble in water, but easily soluble in alcohol and ether; melts at 60° to a yellow' J 
oil, which when left at rest sometimes does not solidify till cooled to 26°, Thougli i', f 
slightly volatile, it distils without decomposit ion at a somewhat high temperatui'v 
Hu.'icrnt hydrogen evolved by zinc and hydrochloric acid, converts it into phenvl-m,.* 
captMn. lly the prolonged action of nitric acid, it is converted into phenylsulohur^ ^ 

acid, C’lPSO^ ^ 

PKEHTYX., SVX.PaYSSil.Tll OP. CTPS = ^ S. Phcnyl-morcoptM.^ 

(Vogt, /oe. ciL)\ Bensylic Sidphydrate, or Benzylic Meren-ptan (Kolbe).-— 
by the action of nascent hydrogen on sulpliophenylic chloride : 

C^IPSO^Cl + H« = C-H^S + HCl + 2II20. 

It is prepared by pouring dilute sulphuric acid upon zinc in a capacious flask, and 
adding sulphophenylic chloride as soon as the evolution of hydrogen becomes raj>i(i 
taking care that the zmc. projects considerably above the oily liquid at the botton. On 
distilling the liquid after twenty-four lioiirs, the phenylic sulphydrah^ passes over with 
the aqueous vapour, and collects as an oil in the receiver. The residual saline solnti-ni 
contains a small quantity of phenylic disulphide. Wlien large quantities are oja'i’atej 
•'on, it is best to subject the oil to a second treatment witli zinc and siilphiiric acid. 

Plien^dic sulphydrate is a eolourless, mobile, strongly refracting, oily liquid, haviiit» 
an intensely disagreeable odour. Specific gravity l-()78 at 14°. Boiling point about 
166°. It bums with a bright white flame. When placed on the skin it produces a 
burning pain ; its vapour attacks the ey(!.s and produces giddiness. It is not niisciblo 
with 'Water, but novertbeless imparts its odour thereto ; it dissolves easily in aleole,}, 
ether, henzme and iivlphide of carbon. It dissolves Hulphitr with yellowish, and iodm 
with red-brown ciohair. 


Bhenyl-sulphides or Phrm/J-mercaptidcs. — Phenylic snl|>bydratp, like the correspoml- 
ing ethylic coin])Oiind (ii. 647), can exchange it,s typic hydrogen for metals. 

The cupric salt, is precipilal«*d as a pale, yellow powd<ir on mi.xing tlio 

alcoholic solutions of phenylic sulphydrate and cupric acetate. The //crZ-wV, 
C‘'‘*H“’Pb"W‘", obtained in like manner, is a ytdlow crystalline body, wliicdi Ims :i silky 
lustre when dry, becomes ciniial)ar-red at 120°, yellow again at 200°, molls above 
to a red liquid, and solidifies again to a yellow mass on (*ooling. 

Mercury-sal — Phenyl-mercaptan acts very rtolcntly on mercuric ox i dr; 
when a drop of it is let fall on the dry oxide, great heat is produced and the wliole 
mass is scattered about, and even the dilute alcoholic solution becomes very hot in con- 
tact with mercuric oxide. The mercuric plicnylsulphide i)rodi7Co(l by this rearti(.n 
crystallises from alcohol in white capillary needles, having a silky lustre wlien dry. 
On mixing the alcoholic solutions of mercuric chloride and phenyl-mercaptan, the 
douldo salt, C'*IT'"TIg"S.Hg"Cr% is produced, and crystallises from a boiling alcoholic 
solution on cooling in white la.ininre. 

Phenyl-sulphide of Silver, C'Tl-'^AgS, is precipitated as a pale yellow crystalline pow- 
der on mixing the alcoholic solutions of phcnyl-raercaptan and nitrate of silver. Anno 
and platinic chlorides form bi’owu prei’ipitatcs. 

The sodium-salt, C*H*NaS, is foruKMl, with evolution of hydrogen, on adding sodiiim 
to phenyl-mercaptan, and remains as a wdiite saline mass on expelling the excess of the 
mercaptan. Carbonic anhydride passed into the alcoholic solution of this salt forms 
the compound C'H^NaO^S, just as sulicylato of sodium, C’^H'^NaO*, is formed from 
phe-nate of sodium, C^H^NaO. 

PBESrYX.-il.CBTA]l»]>S ov Acetanilide, C®H»NO = (C‘»IP)(C*n*0)HN. (Ger- 
hard fc, Ann. Ch. Pharm. Ixxxvii. 164.) — Produced by the action of aniline upon acetic 
anhydride or chloride of acetyl : 

+ 2C«H^N - 2C«H»NO + H*0. 

C*H30C1 C«H»N « C^IPNO + IICl. 


It crystallises in colourless shining laminae, melts at 112°, and solidifies in a crys- 
talline mass on cooling; distils without decomposition. Sparingly soluble in co . 
moderately soluble in hot water, also in alcohol and ether. It is scarcely acted upon y 
boiling potash-ley, but fused hydrate of potassium decomposes it immediately! 
aniline and aerdate of potassium. , 

- • ohenylacet- 


am 
Soc. 

nitrophenylacetamide. (Hofmann, Proc. ]^y. Soc. x. 689.)'* 

PBSXnr&-ACOarZTA.MZBES. See Acoxitic Acid (i. 55). 
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pSBVnAMCIC ACIDS. AnUic aciJji. — Amio acids ImTing tlio hydrogen more 
It less repU®**! by phonyl, and containing the elements of aniline and a iwly basic acid 
hinia the elements of water : e. ff. 

H.C'H" Ijj C*H» ) r.mn») 

(CWOT|o “ H r 

Phenysuccinainic Aiiitine. Succinic 


C*H<0- 


Pheny succi nain ic 
acid. 

C’H» 

Pheiiylcitramic acid. 

(cwoT|" 

Diphenylcitratnic 

acid. 


(c«n^oT{o3 

IP “ 


(cni'o*)"' 


They art' produced either hy direct elimination of water from salts of aniline, or hy 
hciiliiig aiiilino with excess of the corresponding acids, or by lieating the corrcsponiling 
jilicnyliinidcs with aqueous ammonia (see Amic Acids, i. 167). The individual phcnyl- 
imiic acids are described in coniiectioii with tJie corresponding primary arnic acid.s (see 
Caupamio Acid, i. 751 ; Cituic Acid, Amides of, i. 1000; Oxaauc Acid, iv. 281). 

PB£XfTXiA.XM[ZXIZ:s or ikPriZiXSES. Amide.s in wliich of the hydrogen is 
replaced hy phenyl. They contain the elements of neutral kmILs of aniline ininus 1, 2, 
uf 8 at. water, according as the acid is monobasic, dibasic or tribasie : e. g. 

cni'O) 


C«JP >N 

H ) 

Phnnyl-benzumidc. 

(C^H^O^)") 

(C«H^)2 In* 

H* ) 

Phenyl-succln- 

araide. 

(C^H^o^y^') 

(C«H^)* yN* 

) 

Phenyl-citruinide. 


= c»i{«o*c«n^N 


Benzoate of aniline. 


= C‘11»0<.2C»H’N 


Succinate of oniline. 


C«IP0^3C«H^N 

Citrate of aniline. 


- H*0. 


- 3H*0. 


They are formed by dry distillation of the anilinc-siilts, or by the action of acid anhy- 
dride's, or chlorides of acid-radicles, on aniline. 

PiiENYi.iMiDES op Anii-s. — T’ ertiory monaniides in which 2 at. IT. aro replaced by 
a diatomic acid-radicle, and the remaining atom by phenyl. They are produced 
from acid salts of aniline by elimination of 2 at. waller, and may bo regarded as aniline, 
in wliich 2 at. H are replaced by a diatomic radicle : e. g. 

= C'H’O'.C'H'N - 2mO. 

Pheuyl-succiniinidc. Acid succinato 

of aniline. 

Heated with aqueous ammonia, they take up 1 at, water and aro converted into th« 
corresponding phenylamic acids : e, g. 

C'®H®NO* + H*0 = C*®H»NO®. 


Pheny l-succinim id e. 


Phenyl -succinumic 
acid. 


VBXSN k JfaAAKZXiriSS. Organic bases derived from ammonia by the substitution of 
one or more atoms of phenyl for an equivalent quantity of hydrogen. 


£Lm Pbenyl-monamlnes. 

MoaopbenylaminQ or AnUine. C«H‘N « Crystalline, Kyarwl, Ben- 

^^OM,Bhmamide, AmidopMna^e. — Regarded by Griess as amido-henzene, C®II®(N1I*X 
y h. Gmelin as C®H*N.H*. (Undverdorbeii, Pogg. Ann, viii. 397. — Runge, ibid, 
513; xxxii. 331.— Fritzsche, J. pr. Chem. xx. 453; xxvii. 153; xxviii. 
inin, xxvii. 149; xxxvi. 98. — Hofmann, Ann. Ch. Pharm. xlvii. 31 ; 
”^•8; Ivii. 265 ; Ixvi. 129; Ixvii. 61, 129; Ixx. 129; Ixxiv. 117; Ixxv. Z56.^Report on 
cvticcil Products and Processes in the International Exhibition of 1862, p.’123,— 

K K 2 
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Muspratt and Hofmann, Ann. Ch. Pharm. liii. 221 ; Wii. 210.~Laiirfint, Comnt 
mid. xvii. 1366; Rev. scient. xviii. 278 , 280.— Gerhard t, J. Pharm, [3] ix. 

X. 6.— Laurent and Gerhardt, Ann. Ch. Phys. [3] xxiv. 163.— Gm. xi. 246.>-! 

Gerh. hi. 79.) t , 

Aniline was discovered in 1826 by Unverdorben, who obtained it froni 
indioo aiid called it crystalline, on account of the facility with which its salts assume tha 
crystalline form ; the name anilineh derived from anil, a Portu(Tiiese name of the indigo 
plant. Aniline has boon especially studied by Hofmann, Pritzsche, Zinin, and 
Oerhardt, who have obtained from it a large number of compounds and derivatives. 
For some time, however, it remained an object of purely scientific interest, and was not 
applied to any technical purpose; but within the last ten years it has acquired grtat 
iiidustrial importance, and is now manufiictured in enormous quantities, on account of 
the splendid dyes which it is capable of yielding. 

Formation.— XmWm is produced in a great number of reactions : 1. By heating 
plionol with ammonia in a sealed tube for a fortnight or three weeks (Laurent); 
C«H"0 + NH* = CHI^N + H'O. 

2. From nitrobenzene by the reducing action ; o. Of sulphydric acid in presence 
of alcohol and ammonia (Zinin): 

C^H^NO* + 3 H*S « OTPN + 2H*0 + S»; 

/3. Of zinc, in presence of hydrochloric acid (Hofmann) : 

C^H^NO* + H« = C®H»N + 2n*0 ; 


7 . Of ferrous acetate : 

CHHNO'^ + 6 FeO + H *0 = OTPN + 3Fe*0®; 

ferrous sulphate, oxalate, and cdiloride do not exert any reducing action on nitrobenzene 
(B(5ichamp, Ann. Ch. I*hys. [3] xlii. 186).— 5. Of a hot solution of ai-scmious acid in 
caustic soda (W ohler, Ann. Ch. Pharm. cii. 127) : 

2CHPN02 ^ 3As20=* + 2H'’0 ~ 2 C*IT’N + 3As*0» ; 


«. Together with azobenzene and oxalic acid, by distilling nitrobenzene with alcoholic 
potash : 

2CHHN02 + CHI«0 + 2 KnO => C^H'^N + OWN + C*K®0* + 2H®0; 

According to Lethoby(Chem. Soc. J. xvi. 161) nitrobenzene is converted into 
aniline in the stomach. . 

3 . By the dry distillation of the isomeric compounds phony 1-carbamic aciji 
(Fritzsche), salicylamido and nitrotolueno (hydride of nitrobonzoyl) (Hot- 
manu and Muspratt) ; 

C*n"H + CO*. 


4 . By the action of phosphoric anhydride, chloride of zinc, or hydrochloric 
diphenylcarbamide and diphenyl-sulphocarbamide (Holm an n, Proc. Roy. Soc. ix. 27*)- 


C’H'WO 

Diphenyl -carUa- 
mide. 

Diphenyl-sulpho> 

carbamide. 


C*H*N 

Aniline. 

C‘H*N 

Aniline. 


+ C*H‘NO. 

Fhenylic 

cyanate. 

+ C*H^NS. 

Phenylic siilpho- 
cyanate. 


6 . By the distillation of azoxy ben zone. (Zinin, i. 479.) 

6 , By distilling indigo per se (Unverdorben), or with very strong aqueo 
potwh (Fritzsche); also, by distilling isatin with potash (Hofmann): 

C*H»NO + 4KHO + H*0 « C*H*N + 2K*CO» + H*. 

Indigo. 

CH‘NO* + 4KHO = C^’N + 2EW + H». 

Isatin. 

7. Aniline is found among the products of the distillation of coal (Bunge), 0 

peat (Vohl, J. Pharm. [3] xxxvi. 319) ; and of bones (AAdorson). ^ 

According to P hip son, certain fungi of the genus boletus 
luridus), the tissue of which acquires a transient blue colour when triturated in con 
mth the air, contain aniline. 

Preparation.—!. Trom Nitrobenzene.— Of tha various inodes 
benzene into aniline, the reduction by feirous acetate is the only one that is ^ 
as a practical method of preparation. It is by this method indeed that the latg® h 
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tities of aniline required for tlie production of aniline colours are prepared. The nitro- 
is mixed with acetic acid in ca.st-ii*oii vessels, and cast-iron turnings or filings 
arc very gradually added, care being taken that the heat produced by the reaction does 
not rise too high. ^ Lqual weights of the three substances are very convenient pro- 
rortions. The mixture is soon converted into a solid or semi-solid mass, consisting 
principally of ferrous acetate and acetate of aniline. Tliis is distilled, either alone or 
vitli addition of lime, in large cast-iron cylinders, the mass being gradually raised to a 
rod heat. Tlie distillate may vary in composition, but it generally consists of acetone, 
aniline, iiivaltered nitrcibenzene, and other products arising from the impuritie.s of the 
iiitrohcn/.ene. If t he iron and acetic acid are used in gn'at excess, the dc'coiuposition, 
as ol'scrved by Schour er- Ke s tner, may go too far, so as to reproduce benzene, with 
eitmiltancoiis evolution of ammonia: * 

3C“H’N + Fe‘^ + 311*0 = 3C“H® + 3NII* + Fe'-O*. 

Tlic crude aniline mixture is redistilled, and the aniline obtained sufliciently pure for 
iiiaiinfncluring purposc\M, by collecting the portions distilling between 175° and 190°. 
If may further purified by distillation with potash, and subsequent rectificat ion. 

A<?c(>rdiiig to A. Krem e p (J. pr. Chein. xc. 255), nitrobenzene may be advantageously 
converted into aniline by means of zinc-dust and water, without th(^ aid of an acid: 

C«HXN0*) + Zn» + IPO = C«IPN + 3Zn"0. 


From 2 to 2 J pts. of zinc-dust (the product containing from 80 to 95 per cent, of the metal 
vliicli passes over it in the reduction of zinc-ore at tho coniniencement of the distil- 
];iiieii), are heated with 5 pts. water and 1 pt. nitrobenziuie in a retort Avith a conden- 
siiiii tuhiMlireeted upwards, a gentle liiait being applied at fiivst, and afterwards raised 
; . the Ixiiliiig point. When the transformation is complete (which may be known by 
till' perh'Ot soluViiiity of the product in dilnfi^ hydrochloric acid), the aniline (amounting 
to fill t)5 per cent, of the nitrobenzene) is distiJlc*d off with water. The reduction may 
also h(‘ efiected, though much more sloAvly, by iron reduced with hydrogen. 

2. J<\om VoaUtur . — Aniline exists ready formed in coal-tar oil, but mostly in 
.siiiiill quantity, not exceeding 1 per cent., so that its separation cannot bo advaii- 
t.i^^cously perlbnned, excepting Avhen very largo quantities (from 1000 to 2000 lbs.) are 
fi.) hoojterated on. The coal-tar oil is shaken up in carboys with strong hydrochloric 
iicivl ; and the watery layer bedow the oil is removc‘d with a syphon, filtered through coarse 
I'lipt r and distilled with excess of slaked limo in a copper still. The distillate thus 
el taiiied is a mixture of ammonia, pyridine, picoline, aniline, leucolino (coal-tar chino- 
liiif, in. 583) and other bases nearly allied to tlio last, the three first mcaitioned bases, 
<'!• the olhers, predominating according as a more or less volatile coal-tar oil has been 
ux'il. The so-called “dead oil” Avhich sinks in water (i. 1038)yiolds when thii.s treated 
i^'Mi’ccly iinytliing but auiliiK! and leucolino b.iscs; jind from this raixturo the? aniline 
may be separated by tho process described under CiriNOi.iNK (i. 870). 

3. From Indigo, Pulverised indigo is iutroduciMl into A’ery strong aqueous potash 

ronlaiTied in a retiirt; the resulting brown mass is heated as long as ammruiiacal water 
'Ilia !i brown oil pass over with intumescence; and the oil is si^parated by distillation 
nito a brown resinous residue, and a colourless distillato of aniline, amounting to 20 
per cent, of the in digo. (F r i t z s c h e. ) 

Properties , — Aniline is a transparent, colourless, mobile, oily liquid, having a faint 
odour, and an aromatic burning taste. It retains its mobility at 
-U , but solidifies at tlm temperature of a mixture of ether and solid carbonic acid. It 
Kms at 182° (Hofmann). Specific gra\’ity = 1-020 at 16° (Hofmann), 1-028 
(I'ritzsche). Vapour-density, obs. = 3-210; calc. (2 vol.) = 3-234. Index of 
p ~ 1’577 (Hofmann). It is a non-conductor of electricity. Its vapour 

>uriis with a bright but smoky flame. It exerts a deleterious action on the animal 
half a gramme mixed with Ij grm. of water and sprinkled into the mouth 
‘J a nib bit, produced strong cramps, then laborious breathing, loss of strength, dilated 
F'^pils, and inflammation of the mucous membrane of tlio mouth ; w'hen dropt into the 
I sn dilate the pupil (Hofmann). According to 8 c h u c h a r d t ( Jahresb. 

p. 495), frogs immersed in water containing 1 pt. in 8000 of aniline, die in two 
t'r three hours. Eiglit drops killed a fi-og in a quarter of an hour, and tliree drops 
i!' n ! 1 ^ wound in the back, caused death in two hours. A dose of 50 to 100 drops 

^ ’ ‘ti rabbits in four to six hour.s. According to Wohler and Frerichs (Ann. Ch. 
.«> 1 J^niline does not exert any poisonous action upon dogs. The aqueous 

a utioii kills leeches, and parts of plants immersed in it. (Runge.) 

07 proportions in ether, alcohol, wood-spirit, acetone, sulphide of 
ei/SiLboth fixed and volatile. It is slightly soluble in water, and likewise 
up a small quantity of that liquid. The aqueous solution has an extremely weak 
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alkaline reaction, affecting only the most delicate test-papers ; it does not blue reddened 
litmus or redden turm eric, but it changes the violot colour of dahlias to green. Aniliri 
dissolves sulphur abundantly ; dXso phosphtyrus^ camphor and colophony ^ but not arsenic^ 
copal or caoutchouc. It produces a bright violot-blue colour with chloride of lime and 
other hypochlorites, blue with sulphurio add and acid chromate of potassium, and redn 
of various depth and hriglitness when heated with tetrachloride of carbon, stamic 
chloride, arsenic acid, fiuning nitric add, mercuric nitrate, and some other salts 
It iuiparts a deep yellow colour to pine-wood and elder pith, a character however 
likewise exhibited, thougli in a less degree, by other bases, namely conine, cinnaniino 
leucolino and naphthyJainino. 

The aqueous solution of aniline precipitates the bases from ferrous, ferric, zinc and 
aluminium salts. With phitinic and palladious chlorides it forms yellow double Baits • 
with chloride of gold a red-brown double salt; wdth mereurie, antimonic and stannie 
chlorides, wliite double salts. It forms with infusion of galls a brownish-yellow lloc- 
culent precipitate, soluble in alcohol and in hot water, and coagulates albumin. 

Decompositions. — 1. When aniline-vapour is passed through a red-hot glass tube, 
charcoal is deposited, ammonia and hydrocyanic acid are given off, and a brown liquid 
condenses in the 'reeeiv<u*, which, after the undecorn posed aniline has been saturated 
with an acid, yields by distillation, benzeiie boiling at 80°, and benzonitrile (cyanide 
of plieiiyl) boiling at i90° — 11)0°. The formation of the latter is probably due to the 
action of the liytlrocyanic acid on another portion of the aniline, CTl’N + CNH = 
C^H'N + Nli^. A small quantity of an indifh'rent crystalline substance, and an oily 
base of high boiling point are lik(‘wise found among the products of the decomposition. 
(11 o f m ji, n n, Proc. Itoy. Soc. xii. 38.8.) 

2. When exposed to flic air, it turns yellow, red and brown, and forms a resin 
which dissolves with yellow colour in water, the change taking place more quickly as 
the temperature is higher: hence in distilling aniline it is necessary either to usa 
a brisk fire, oc to pass a stream of hydrogen or carbonic anhydride through iIih 
apparatus. 

3. Aniline treated with dilute sulphuric acid and peroxide of manganese, yields a 
small quantity of quinoiio together with ammonia: 

C“irN + 0« = C«JPO» + NH®. 

The greater part of the anilino appears however to undergo a further decomposition 
(Hofmann, Proc. lioy. Soc. xiii. 1). The formation of ammonia in this reaction was 
also ohservod b}^ Matt hi os sen ix. 637). 

4. Aniline takes lire in contact with chromic anhydride (CrO®), and burns with a 
bright Hanie and agreeable odour, leaving a residue ofgrtieu cliromic sosqiiioxide, CrO’. 
(Hofmann.) 

6. An a<pieous solution of chromic add forms with anilino or its salts, a green, blue, 
or black precipitate, according to the concentration of the solution (Pritzschc). 
Aniline or an aniline-salt moistened on a porceluin dish with a few drops of sidphuric 
acid and solution potassic ckrumate, produces a bright but trrnisieut blue coloration 
(Heissenhirtz, Ann. Ch. Pharni. Ixxxvii. 376). On tliis reaction is founded tho 
preparation of mauve, or anilino-purplo discovered by Perkin (see Appendix 
to this article). 

0. With solutions of alkaline hypocMorites, chloride of lime, for example, aniline 
exhibits a deep '\iolet-pnrple eoloi’ation gradually pussing into dingy red (Kunge). 
This reaction affords a very delicate test for aniline; it is likewise exhibited, though 
still more transiently, by aniliiio-salts. Tho purple colour is not altered by alkalis; 
acids change it to red. 

7. A solution of aniline in dilute sulphuric acid is easily decompo.sed by the electric 
currc7it ; and if a drop of the solution be laid on a piece of platinum foil connocted with 
the positive pole of a small Grove’s battery (one pair is sufficient), and the negative 
terminal also dipped into it, the liquid immediately assumes a tine blue colour chang- 
ing to violet and red, the colours being very bright in strong solutions, and affording a 
very delicate test foV aniline. The colouring matter is ultimately deposited on the 
platinum foil as a blackish -brown powder, insoluble in w'ater, alcohol, ether, and am- 
monia, but soluble, with blue, green or violet colour, in strong sulphuric acid, whence 
it is prccipitcited l>y water as a dingy green powder ; it is partially decolorised by rc* 
ducing agents. (H, Letheby, Chcin. Soc. J. xvi. 161.) 

8. Anilino treated with a mixture of poiassic chlorate and hydrochlorie acid forms a 
red resinous substance containing trichlorophenic acid and perchloroquino*^®* 
from which tho former may be dissolved out by boiling alcohol. 

9. Aniline is decomposed by nitric add-, and w'hen evaporated at 100 °, leaves a bw]^” 
black residue (Rungo). It is immediately reddened by strong nitric acid 
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vires a transient blue and green colour by treatment with strong nitric acid 
use he)* With a small quantity of fuming nitric acid, it immediately forms a 
V ^ \zuie-l>lue mixture, which when very slightly warmed, turns yellow, becomes Ivot, 
^ --s uil violence, then assumes a scarlet colour continually increasing in 

r'-litness, and deposits picric acid (Hofmann). Aniline, dissolved in moderately 
nitric acid, likewise passes into spontaneous ebullition on the application of a 
Tie heat, gives off nitrous vapours, :intl when that action ceases, is found to bo eoa- 
verted jiito pTcric acid (Hofmann and Muspratt); 

C«I1^N + 6NHO» = C«H‘(N0-/0 + 4 NHO 2 + 31PO. 

\:tric acid heated with excess of aniline, or nitrate of aniline heated wdth aniline to 
1 ' 1 ) 0 for several hours, forms a beautiful violct-rcd siibst ino(', wliichis one of the 
■Jricties of aniline-red. A similar colouring matter is obtained by licating aniline with 
' or /nrrcftrov.s' nitrate, with nitrate of lead, nitrate of silver, arsenic acid, 

"unnic chloride, ai^thnonic nitrate, and a variety of other snlts. All these red colours 
Hv,i bijoii shown hy Hofmann to consist of various salts of rosaniline, C“‘’H‘’*N^ (see 
wiidix to this article). ^ ^ ^ , * ,*. 

lO Mtrous arid acts upon aniline in various w^ays according to the mauner in which 
the tivo bodies are brought together : a. When hydrochlorate of aniliiu? is treated with 
h 'trite of silver or 7iitrltr of potassium, nitrogen is evolved and phenol is formed, 
rT-ther with a metallic chiorido and water (T. S. Hunt, Sill. Am. J. [2] viii. 372? — 
Ilofinaiin, Chcni. Soc. J. iii. 232): 

C'TPN.IICI + AgNO- = C«H«0 + AgCl + IPO + 

According to TTiint, phenol is likewise obtained when nitric oxide is passed into a 
ililiite aqiKMUis solution of nitrate of aniline : 

0«H'N + 11X0" =» CHPO + IT‘0 + ; 

hut according to 11 of man n, the whole or the gr^aiter part of the phenol thus produced 
is ioiiV('i’Tcd into 111011 on itropheiiol by tlie free nitric acid present. 

A.roi'ding to H a 1 1 h i e s s e 11 , how(‘.ver ( Proc. Roy. Soc. ix. 1 18 ), the act ion t akes place 
Iv nve stages, the aniline in the first inslaucc. reacting mcrciy with water, to produce 
a 111 m o a i a and p li <' n o 1 : 

OIPN + H‘0 = IPN + C'dPO, 


ivliilc in tlie second stage, the ammonia and nitrous acid act on one another so as to 
fM-m wiilcT and free iiitrogiui; -f HNO-^ = 21P0 + and the phenol is 

t'oiiviTted by tli(f free nitric acid into nil rophenol. 

Ill lilo' maniKT a solution of nitrate of amylaniline is converted by nitrous acid into 
uMiyhirnine and phenol, tlic action in this, as in the former case, consisting in areplace- 
riMiiit of phenyl by hydrogen: 

CHI" 

C'H-^ 

H 

Amylaniline. Am\laMiine. 

fUlil ■ 

•■immouia and amylic . . * . . 

e^fric acid, oi pteroxide. of 'manffanesc miiX sulphur iv acid, ot pwtasstc permunganate, and 
of enusHc potash. (M a 1 1 h i e s s e 11 .) ^ . 

i8. Niti\)us acid passed into an alcoholic solution of aniline converts it into azo- 
^blilunyldiamine, a base formed from a double molecule of aniline, 

b'dl'‘]sa^ ]-^y substitution of I at. nitrogen for 3 at. hydrogen: 

2C«H’N + ITNO 2 _ + 21P0. 


}- * Sjo - '!> * Tl»‘ 

Phenol. 


the amylamiiie being subsequently converted by the same mode of action into 
Mouia and amylic alcohol. Similar reactions take place iiiuh'r the influence of 


‘'Similar reactions take place with the bromo-, chloro- and nitro-phciiylaraines, and with 
till; lioinologiies of aniline, the general equation for the reaclioii being : 

+ UNO® = + 2IP0 

i^^Hess, Ann. Ch. Pharm. cxiii. 334; suppl. i. 100). When nitrous acid is passed 
a mixture of aniline with about four times its volume of alcoliol, the azodiphenyl- 
^iinniiio first produced is ultimately converted into azophenylamine (or diamido- 
t'-iiiJcne), CHPN'' = (C«H^N'")N : 

Ci^ni'N" 4- NHO* « 2C«HW + 2n20. 


11. Chlorine gas passed through dry aniline, converts it, with great rise of tempera- 
hire and evolution ()f hydrochloric acid, into a black ^dscid tar, winch stops up the gas- 
‘i’-hvery tube. If, in order to prevent this accident, the chlorine bo passed through 
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aniline mixed with water, or dissolved in hydrochloric acid or in alcohol, the 1’ * 
which assumes first a blue, then a black colour, deposits a black tar, which on 
solidifies into a brittle resin ; and this resin distilled with a small quantitv 
yields trichloraniline, afterwards liquefies, leaves a residue of charcoal 
off hydrochloric acid and trichlorophenic acid in the form of a vellow 
oil which crystallises on cooling (Hofmann) : * 


C«H’N + Cl® = C®H^CPN + 3HC1; 

Trichloraniline. 

and : 

C®II’N + Cl® + H*0 =r C®H*C1»0 + 2Ha + NH^Cl. 

Trichlorophenic 

acid. 

Trichloraniline appears also to be formed when aniline is distilled with hydrochl ‘ 
acid and peroxide of manganese. (Hofmann.) 

12. Bromme forms with anhydrous aniline, with great evolution of heat a bro ' 
solution, which, if the quantity of bromine is sufficient, solidifies to a mixture of llnel” 
crystaUino tribromaniline and hydrobromic acid (Fritzsehe). — Bromim-watJr 
added to aniline dissolved in hydrochloric acid, forms a considerable quantity of hydro- 
broinic acid, and a precipitate of tribromaniline which quickly becomes cryshi]- 
lin«; the same substance is deposited, a.fter boiling aniline with excess of hydrobrmnic 
acid, ill the form of a dark coloured oil which crystallises on cooling (Hofmann) — 

13. The dark brown solution of iodine in aniline, the formation of which is attended witli 
gi*eat rise of temperature, soon deposits long needb's of hydriodato of aniline 
(Eritzsche, Hofmann), while the mother-liquor retains, together witli a portion of 
this salt and free iodine, an ioduretted brown amorphous resin, together with hydrio- 
dato of iodaniline: 

C®H’N 4- I* = C«H®IN.HI. 


14. Cyanogen acts differently from chlorine, bromine and iodine, not removirig :t 

portion of the hydrogen and taking its place, but uniting directly with the aniline, Miid 
forming the compound C«H^NCy « called cyan aniline, which is also basic 

and forms salts with acids. 

15. The bromides and iodides of the alcohol-radides heated with aniline give rise to 
substitution-products in which one ortwoof thotypical hydrogen-atoms of the'aniline .ire 
replaced by alcohol-radicles, e. ethylaniliiie (C®H*)(C*'H*)nN, diaraylanilino 
(C«1P)(C-'H“)2N, methyl-ethyl-aniline (C®H")(CIP)(C2H®)N. These compounds 
are bases like aniline itself : those in which the wliole of the hydrogen is replaced by 
alcohol-radicles unite with the alcoholic iodides, forming iodides of buses bidonging to 
the ammonium-type; thus diethylaniline with iodide of ethyl forms the iodide of 
triothyl-phenylammonium (0®iP)(CTP)®NI. (Hofmann.) 

16. Aniline heated with bromide of ethylene besides hydrobromate of aniline, 

the hydrobromates of three bases, having the same percentage composition C®H"N.HI{r, 
and separable by their different degrees of solubility in alcohol, the first bring 
soluble in cold alcohol ; the second, which forms the chief part of the product, being 
insoluble in cold, but soluble in boiling alcohol; the third, insoluble in alcohol even 
at the boiling heat. Their formation is represented by the equation : 


2C«H^ + C^HW = C®H'N.HBr -i- C®H®N.HBf. 

The second of these bases is shown, by its reactions with bromide of ethylene, iodide of 


methyl, ^c., to consist of diethylene-diphenyl-diamino, C’®H‘"N* 




(C^n*y} 

(C®H*)*( 

the first isprobahly ethyl ene-phenylamineC*H®N, and the third, triethylene- 
triphenyl-triamine C^^H'^^N®. Bromide of ethylene, heated with a large excess of 
aniline, forms e 1 1^ lene-diphenyl-diamine, according to the equation 4 C*H^N + 

C2H®Bp* - (C®H®)nN* + 2(C®H’N.HBr). (Hofmann, Proc. Boy. Soc. ix. 277; 

H y m 

X. 104). The formation of a base having the composition C®H®N, by the action oi 

chlorine on of ethylene^ had previously been observed by Natan son (Ann. 

Ch. Pharm. xcviii. 202). 

17. Aldehyde {o%\diQ of ethylidene, C®H®0) acts upon aniline in a similar inannpr^ 
producing two compounds isomeric with the ethylene-bases just mentioned, but differing 
from them in properties, and related to them in the same manner as aldehyde to oxi ® 
of ethylene, that is to say, containing ethylidene instead of ethylene. With 


hyde, oenantholy benzoic aldehyde (bitter almond oil) and otlier aldehydes, analogou 
reactions are produced, resulting, however, in each case, in the formation of only o*'® 
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ijj(j analogous to the preceding, namely a compound containing 2 at. of the 
the general equation of the reaction being ; 


2[^‘2‘|n] + C"n”0 



+ •2H*0. 


with acetones or ketones no such reaction takes place (II. Schiff, Ann. Ch.Pharm. 
8iippl- I^hknyjl-diamixms. 

18. Anihne heated with an equal volume of 

1 1 .1)0, yields hydrochlorato of f o r ni y 1 - d i p h e n 
bvdrochlorate of aniline (Hofmann, loc. cit.) : 

+ CIIC1> - C‘»H>“N*HC1 + •2(C«IPKHC1). 

19. TctracJiloride of carbon heated with three times its volume of aniline for about 
thirty hours to 170° — 180° yields a blackish mass partly soluble in water. From the 
juiut ous solution, potash separates an oily precipitate which when distilled with potash 
jrjves off a considerable quantity of unaltered aniline, whilst a vi.scid oil remains 
l ihiiid and gradually solidifies to a crystalline mass, which when washed with cold 
ak'ohol and crystallised two or three time.s from boiling alcohol, yields a perfectly white 
crystalline body consisting of car botripheiiy Itriamin e C'®H’N*, whilst the 
alcohol retains in solution a substance of a magnificent crimson colour. The forma- 
tioa of carbotriphenyltriamine is represented by the equation : 


chloroform to 180° — 190° in a sealed 
(CH)"' ) 

y 1 - d i a m i n e (C“H“)* >N*,together with 
H ) 


eC^H^N + CCF 


C- 

(CW)- 

n® 


N* + 3(C«H’N.HC1) 


HCl. 


Thu portion of the black mass which is insoluble in water, dissolves almost entirely 
in dilute hy<lrochloric acid, from which it is precipitated by alkalis as an amorphous, 
pink or dingy precipitatcj sol ii bio in alcohol with a ricli crimson (rolour. The greater 
portion of this body consists of tho same colouring principle which accompanies the 
w hi t(i crystalline substance. (Hofmann, Free. Roy. Soc. ix. 284.) 

20. AVith chloride of carbonyl (pho.sgc'iio gas) aniline yields a mixture of hydrochlo- 
rate of aniline and d i p li e n y 1 e ar b a m i d o, perhaps thus : 

3C«H^N + COCP = (C(5y'(C«H')HPN2 + C»H^N.HC1 + HCl. 

21. Dry gaseous chloride of cyanogen converts anhydrous aniline into melanilino; 
with an aqueous solution of the gas, aniline forms phenylcarbamide (Hofmann): 

2Cm^ + CN/;i =. C>HP=‘NMTC1. 

Aniliuc. Hydrnchlorntc 

'v (if melaniliiie. 


2C»H'N + CNCl + II’O - (COnC»IP)*II®N* + C»H»N.HC1. 

Aniline. Phenyl-carb- Hyiirochlorate 

amide. of aniline. 

Dry chloride of cyanogen passed through an ethereal solution of aniline cooled wi^h 
ic{?, forms cyanilide C®H*CyN, and hydrochlorate aiidine (Cahours and Cloez, 
Compt. rend, xxxviii. 364) : 

2C«H'N + CyCl cx, C«H«CyN + C®H’N.HC1. 

22. Bromide of cyanogen acts upon aniline like volatile chloride of cyanogen, form- 
ing hydrohro'mate of mclaniline, and [in presence of water?] a small 
quiintity of phenyl-carbamidc (Hofmann). — 2^. Iodide of cyanogen forms with 
iniiline; iodaniline, a brown product containing iodine, and hydrocyanic acid 
(il ofmann).— 24. When •persulyhocyanic acid (p. 374) is heated with anhydrous 
•aniline, the mixture melts, and solidifies on cooling into a mass which dissolves in boiling 
Hloohoiand ether, and wlien boiled with water containing a little potash, leaves a residue 
of Hulphiir, and yields a filtrate frciji which hydrochloric acid precipitates, together 
vith sulphur, crystalline scales which dissolve in boilinus alcohol and ether. (Laurent 
and Gerhardt, Ann. Ch. Phys. [3] xxiv. 198.) f 

25. W\t\\ oxychloride of jphosyhoriiSy anhydrous aniline forms triphenyl-phos- 
P n a m i d e and hydrochlorate of an ili ne : 

(PO)"' ) 

6(C«H\mN) + POCl* = 3(C»H’N.nCl) + (C*IH)»VN*. 

H* } 

^ith siilphochloride of phosphorus^ a white mass is formed colitaijiing hydrochlorate 
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of aniline anil prokiljly triphonyl-sulplioplioaphamide, (PSy'YC®H*'i*Vm 3 
(Schiff, Ann. Cli. Pliarm. ci. 299.) ^ / v j 

26. Chloride of hmsoifl converts aniline into a nnxtiiro of hydrochlomte of anil' 


and phenyl -be 11 J5a mid e, (C^H*0)(C“H*)HN. In like manner with the chlorid!^ 
of citrn^l, cinnamifl, and anhyl^ aniline yields pheiiyl-cuiiiylamide, phenyl-cinnumide* 
and plienjd-anisarnide. * 

27. •ridphoyhvnylic chloHde^ C®1I*S0-C1, it forms phenyl-sulphonhenvl 

0“n» } ^ ^ 

mine, C®JPSO'*yN, or thiophonylamic acid, (SO)" j-Q 


H 3 

Gerhardfs TrtiUe^ iii. 981): 

C‘^H»N.C«1PS0*C1 


(Chiozza and Biffi^ 


C'^H^NSO* 


HCl. 


28. Strong sulphuric acid converts aniline into phenyl-sulphamic acid 
C“H’NSO®, which when lieated with excess of fuming sulphuric acid, yields plienyll 
disulphamic acid, C'dl^NS'-’O® (Biicktoii and Hofmann, Chem. Soc. J. ix. 200). 
26. With phosphoric anhydride it appcar.s to form pheny 1-phosphamie arid 

I ‘ 

C'H-NIW = (PO)"'J-2 (Ann. Ch. Pharm. ciii. 1G8). 27. Hciitcd with various 

oryanic arids, it also forms the corresponding phenyl a mi c acids (p. 419). 

29. With cyanic acid^ .aniline f .rnis phenyl-(;Hrb;imide, (CO)"(C“JH)H*N''^, nr 
diphenyl -carbamide (CO)"(C“H'’)"IPN*, according to the eircumstances of the 
reaction (i. 755). 

30. With sulphide of carhon it forms phenyd-snlphocarhamide, (CS)"(C®IP)* 
H‘N» (H ofmanii, i. 75G). 'I'he same compound is produced })y distilling a mixture 
of aniline, sulphuric acid, and sulphocyanate of potjjssiiirn. According to Cros.sluv 
(Cliera. N<^vv.s, iv. 19G), a mixture of aniline and sulphidci of (rurboii is converted in a 
few days, with evolntiou of sulphuretted hydrogen, into a cream-coloured fatty sulistaroc, 
which oil addition of fuming nitric aei<l yields a dirty brown and n, <.*rinison coinpeund. 

31. A .solution of aniline and quimme in a large quantity of boiling aleoliol dtpo.siis 
crystals of diphcnyl-quinoyl-diamide, while hydroquinono remains in 
solution : 

(r«TT-')* •) 

2C«H»N + 3C®H^O* = + 2C«IPO^ 

JT^ j 

Aniline. Quinone. Diph('uyl>quiiioy1« Hydroqninone. 

di.iinide. 

32. y^\\\\p€Tchloroq%imone (chloranil), aniline forms diphenyl-dicliloroquinoyl- 
d i a ni i d e and liydroclilorate of aniline : 

(C«TT")2 ) 

4C®PPN + C«CPO* « (C«Cl-O'0"f*N* + 2(C®Il’KIiOl). 

IP ) 

(Hofmann, Hroc. Roy. Soc. xiii. 4). This latter reaction was first studied by Hesse 
(Ann. Ch. Pliarm. cxiv. 292), who regarded the amide ^jiroduced in it as dichloro- 

q u i n p y I - p e n t a p h e n y I p e n t a m i d e, ( G®H^)‘^(C®(3P0*)HI®N^. 

Salts of Aniline. These salts may he regarded either as compounds of aniline 
with acids, or of pheiiyl-innmoinum, G®IT®N, with acid radicies: e.g. C®H^N.HC1 
C®IPNC1. They are all soluble in watc*r and alcobol, and most of tliem crystallise 
with great facility; hemee the name crystalline^ originally applied to aniline. Aniline 
salts are mostly colon rh?ss, but turn red when expo.sed to the air, especially if they are 
moist, acquiring at the same time a faint odour. With hyqmchlorito of calcium and 
chromic acid they exhibit the colour-rcjictioji.s already described (p. 422), and w'hen 
mixed with an acid, colour firwmod and ehler-pith deep yellow. 

Acetate of Aniline is uncrystallisable. 

^\\(^hromhydrate or hydrobr ornate^ C®IPN.HHr, forms well-defined crystals 
usually having a violet tinge, and somewhat less Isoluble than the hydrochlortite. R 
may he 8ul>limed without decomposition. 

The butyrate is an oily salt, sparingly soluble in water. 

Carbonate of Aniline does not appear to exist. 

Chlorhydrate or Hydrochlorate, of Aniline, C®H’N.HC 1 or C®H*NC1, lorms 
needles very soluble in water and alcohol, and capable of subliming without decompo- 
sition. It forms with trichloride of gold a yellow precipitate which quickl 3 ’^ turns brown» 
with platinic chloride in cold concentrated solutions, an orange-yellow crystalline pulp » 
and in dilute or warm solutions, beautiful yellow needles of the chloroplaUnAtOi 
2C®H-HCl.rt'-Cl®. 
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(CTPo^y") 

Qllrate of Aniline^ or OH*N >0*. — An alcoholic solution of 

H* ) 

] if citric acid mixed with 1 at. aniline containing a small quantity of water, dries up, 
ill vacuo over oil of vitriol, to a viscid brown-red mass, in which crystals begin to ap- 
ti.'iir after a while, ultimately filling tlio entire mass. This crystalline pr»:)duct is 
tjlturiited with a small quantity of alcohol, the liquid squeezed out through linen, the 
r,.i;iilue dissolved in strong alcohol, and the solution leftover oil of vitriol till it crystal- 
It forms slender needles united in rounded groups, melting at a temperature a 
little below 100*^, very soluble in alcohol, and still more in water. Heated to a tem- 
iK-ratui’c between 140^* and 150°, it gives off water and yields citranilic acid (i. 100). 

^ The dibasic and tribasic citrates of aniline do not appear to crystallise. (Pebal, 
Ann. Ch. Pharm. Ix^ii. 91.) 

fl uosili c a tc of A n i li ne appears to be produced by the direct combination of ani- 
line with tluorido of silicon, 93 pts.of aniline absorbing G3-3 pts. of the gas, and forming 
ji slightly yellow mass which may bo sublimed, dissolves sparingly in boiling alcohol, and 
is deposited therefrom in small shining lamime. Water decomposes it, separating 
gchitinous silica. When moistened with ammonia, heated, and calcined, it heaves but 
:i vrry slight r('sidue of silica. Laurent and De.lbos (Ann. Ch. Phys. [3] xxii. 101), 
wlio prepared this compound, regarded it a.s plnuiyl-fliiosilicamide or tliiosilicanilide. 

lodhjidrata or Ilydriodate of Aniline^ CffPNI, forms needles very soluble in 
water and alcohol, less soluble in. ether. 

Mi'll itntr of A n iline. Aqueous aniline forms with aqueous niellltic acid a turbid 
liquid wdiich gra^lually de|) 0 .sits scales resembling benzoic acid. TIk'So crystals dissolve 
(Msily ill wiibir, also in hot alcohol, but the salt no longer crystallisc-s therefrom. It 
turns yellow at 105° and gives off aniline. It appi'ars to be an acid salt, C''ir(C'*lPN)0\ 
yitralcofAnilinr, C^IPN.NHO®, separates after .some time from a mixture of 
aniline and dilute nitric acid, in concent rii^ Jicedles, which may bo purilhal by pressure 
In lw(H'n h)lds of bibulous jiapcr. The molhor-liquor is red, and an ellloreseenec having 
;i til if! Vihic colour forms on the sides of the basin. The crystals do not suffer any loss 
cf weight at 150°; at a somewhat higher temperature, the salt sublimes unaltered, but 
lit 11)0'^ water is given off, together with a tarry liquid from which nitranilm© may be 
extracted by hydrochloric acid (lie champ, Compt. rend. Hi. CCO) : 

C»H’N.NlIO* = IPO + C«1P(N0')N. 

Tho.^^alt heated with aniline is conxTrted into nitrate of rosaniline (see Appkndix to 
l’ni;:Ni'i.A.uiNi:.s. With aqueous cJdoride of iodine containing a slight f'xec.ss of iodine. 
It . yields a bluish-green precipitate, quickly turning black, and containing («) a sub- 
soluble in sulphide of carbon, and crystallising tlier<!ri'om in mnirly colourless 
iieedl(!s ooiitaining 15'7 per cent, carbon, 1’07 hydrogen, 00*23 iodine, 3*22 nitrogen, 
liiid 13*82 oxygen; (5) a piir})lish .‘substance crystallising in laininre, insoluble in sul- 
]'lii(]e of e:irbon ; and (c) a dark-coloured amorphous body. The same products are 
ul'tiiinod by tho action of chloride of iodine on the oxalate, and probably also on other 
^iilts of aniline. (S ten lion s e, Chem. Soc. .1. xvii. 328.) 

Oxalate of Aniline, 2C«1PN.C-TP(H - rr-(C“TPN')20h— A boiling alcoholic solu- 
tioii ot oxalic acid saturated with aniiim*, yields a magma of crystals which maybe 
puntiffl by washing with alcohol, and prcs.sure betwTcii paper. Prom a hot saturated 
iiqiU'ons .snlntiou, the salt crystallises in stellate groups of oblique rhomboidal prisms, 
ft i?^ finhydious, moderately .soluble in hot water, sparingly soluliln in alcohol, insolublo 
ou t her. The aqueous solution becomes acid spontaneously and deposits a brown 
p'^wilrr on exposure to the air. When heated rather .strongly, it gives off aniline, water, 
‘■inbonic oxide and carlainic aiiliydride, and leaves a residue containing diphenyloxamidp 
‘•ii't l>ti( nyl-formamide (p. 285). 

. Acccmliiig to Pi ria (Cimento, ii. 305) perfectly pure oxalate of anilino may bo heated 
'>1 the oi]-l);ith between 100° and 180° without fusion and witlioiit production of 
I'l nyl-fonuaniidc, the residue, which is perfectly whito and crystalline, consisting 
^iiully of diphenyloxamide; but oxalate of aniline in a less pure .state yields plienyl- 
'ji'nianiido as xvell as diphenyloxamide. 

rn, . *■ o.T.ani ate or Oxanilaie, of Aniline (acid), CTP(C®H*N)NO*.C"H’NO®. — 
salt is obtained by frequent recrystallisation of the brown cry.stals which are de- 
P'^itod from tho solution of tho crude product of the action of oxalic acid upon anilino 
wiling water. It retains a lirown tingo oven after repeated crystallisation, and 
'J’ln.s confused, oflen int.orlaced needlc.s, destitute of hi.stre, sparingly soluble in cold 
easily in boiling water. When h.eated it gives off aniline and tho products of 
' -^oinposition of phenyloxamic acid. The solution mixed with hydrochloric acid doea 
^‘cpobit phenyloxamic acid. 
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Phenytsul^hamate or Sulphanilate of Aniline^ separates from a solution 
phenyLsiilphaniio acid in water containing aniline, the liquid first howerep depositiii! 
unaltered phenylsulpliamic acid. ' 

Phosphates of Aniline^ — a. Orthophosphates,— a. Pianilic^ C'*H*^N*PO* 
PO'" 

(C“JPN)nO®.— Concentrated phosphoric acid supersaturated with aniline, solidiflei 

immediately in a white crystalline mass, which, after V)eing pressed, dissolved in a lam 
quant ity of boiling alcohol, strained through a hot filter, and cooled, yields flesh-colour^ 
nacreous, inodorous laminae, which slightly redden litmus ; tliey must be pressed be 
tween paper and dried on a warm tile. At 100® they t urn rod and give off an i lino 
melt at a stronger heat, and finally leave metapbosphoric acid (coloured, according to 
Gerliardt, by the carbonisation of a small quantity of aiiiline) wliile the aniline vola- 
tilises. They dissolve readily in water and ether, sparingly in cold alcohol, but so 
abundantly in hot alcohol, that the liquid solidifies on cooling. (E. C. NichoUon 
Ann. Ch. Eharm. lix. 213.) 

(PO)-1 

jS. Mom^anilic^ C®ir®NPO* = >0*.— The aqueous solution of the salt a 

) 


mixed with phosphoric acid till it no longer precipitates chloride of barium, yields, in 
a few hours, after evaporation over the water-bath, white silky needles, which must 
be cooled with ether and dried on a warm tile ; they turn r(‘d in the air, and dissolve 
readily in water, alcohol and ether ; in water, however, the salt a is formed at the 
same time. (Nicholson.) 

d. Pyrophosphate^ C*’H'"N^P'‘'0MI*0 — (C“H"N)*>0MI*0. — Concentrated pyrophos- 


phoric acid obtained by decomposing pyrophosphate of lead with sulphuretted hydrogen 
iorms with excess of aniline, a gelatinous hardening precipitate which is a mixture of 
tetrauilic and dianilic salt. The former cannot be prepared in the {)ure state, but the 
dianilic salt is obtained by heating the mixture till solution takes place, supersaturating 
with acid, and evaporating over the water-bath, as a mass of needle-shaped crystals 
which must be pressed between paper, wasluul with ether, and dried in vacuo. 'Fho 
silky needles resembh; sulphate of quinine, are strongly acid, turn red on ex}) 0 sun; to 
the air, both in the solid state amt in solution, and are soluble in wut<‘r, but quite 
iusolu ble in alcohol and ether. (Nichols o ii. ) 

M<taphosphati\ C®H®NP0’ C*H®N | concentrated solution of glacial phos- 

phoric acid added in large excess to aniline or to its solution in alcohol or ether, throws 
down a white jelly, which must be w'ashed on the filter with ether till the odour of 
aniline disappears, and dried in vacuo over oil of vitriol. It is a white amorphous 
mass, which reddens litmus, becomes glutinous and rose-coloured on exposure to the 
air, and dissolves in water, but is quite insoluble in alcohol and ether. The aqueous 
solution is altered, by l)oiling in consecjuence of tlie formation of orthophqaphoric 
acid ; it dissolves metaphosphate of silver, but afterwai’ds turns red on boiling, the 
silver-salt being partly reduced. (N icholson.) 

Vicrate of Aniline. — Tho lemon-yellow precipitate which an excess of of alco- 
holic picric acid forms with aniline, dissolves in boiling alcohol and crystallises on 
cooling. 

Pyrotartrate of Aniline is a crystallisable salt, the solution of which dries up 
to a brown syrup. 

Succinate of Aniline forms thin oblique rectangular prisms of a pale rose colour. 

Sulphate of Aniline^ (C^H^NJ'SO*. — A mixture of aniline and sulphuric acid 
immediately soliclfies to a crystalline pulp which must bo pressed and purified by rf- 
crystallisation. I'he salt is easily soluble in water, less soluble in dilute alcohol, stiU 
less in absolute alcohol, insoluble in ether. An alcoholic solution saturated at the 
boiling heat solidifies on cooling. It may be heated to 100° without alteration. When 
carefully raised to a higher temperature, it gives off water and aniline, and is converted 
into phenylslupharaic acid. At a still higher temperature, it suffers further decompo- 
sition, gives off sulphurous anhydride and sulphite of aniline, and leaves charcoal. 

Sulphite of Aniline is obtained as a radiate crystalline mass, by treating anilio® 
with sulphurous anhydride ( ? moist). 

Sulphohemolate OT Sulphophenylate of Aniline^ C*il*( C*n"N)SO*, obtain^ 
by drooping aniline into a hot solution of sulphobenzolic acid (g. v.\ crystalliso* in 
long silky needles arranged in stellate groups, and generally exhibiting a reddish tint. 
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They melt at 201°, and the fused salt solidifies in a stellate crystalline mass • it 
sublimes below the melting point m colourless crystals. Dissolves readily in water 
and alcohol, sparingly in ether. (Gencke, Ann. Oh. Pharm. c. 217 ) 

Sulphocyanate of A7iiline, C^H’N.CNHS.— Aqueous sulphocyanic acid satur- 
ated with aniline deposits on evaporation, red oily drops which gradually solidify in 
the crystalline form. 1 he crystalline mass melts when gently heated ; then gives off 
sulphuretted hydrogen and sulphide of ammonium, with violent ebullition • and when 
more strongly heated, yields an oily distillate of sulphide of carbon and sulphide of 
ammonium together with diphenyl sulphocarbamide, and leaves a pale resinous residue: 

rt/nuTIr-KT 


2(C«H^N.CN1LS) 


Diphenylsiilpho- 

carb.itnide. 


CN-H'S. 
cSalphocyanato 
nf auiinoniuin. 


Put the ]al;ter is further resolved at the given temperature into sulphide of carbon sul- 
phide of ammonium and a residue of mellone, to which however an aniline-compound 
adheres. (Laurent and Gerhard t.) ^ 

Tartrate o/ *7 Aqueous tartaric acid solidifies in contact with aniline 
The salt crystallises from hot water in needles. (Hofmann.) 

Conqmuids <f Aniline with MetaUw Salts . — Aniline unites directly with a con- 
piih rable number of metallic salts forming compounds which may be regarded as chlo- 
rides, sulphates, &c., of phenylammoni ums contai ni ng metals. G c r h a r d t by treati mr 
aniline With mercuric chloride, obtained the salt 2C“H’N.Hg"Cl® or CP 

and a similar compound with chloride of palladium. More recently this class^of c’omi 
].ouii(is has been examined by H. Schiff (Ann. Ch. Pharm. exxv. 360 ; cxxvii 337 — 
Paill. Son. Chim. v. 65), who has prepiu-od a considerable number of them! They may bo 
repieseiitcd by the general formula : ^ 




(C“1P)" ; 

IP" j 


I; an w-atomic metal, and X a monatomic salt-radicle, such aa 

Li, M) , <Scc., X“ being of course replaceable by X", X® by X'", &c. c. g. ; 

Sulphate of Ziiieodiphenyl-diammonium, 2C“TT^N.Zn"Cl2 = (C"TP)2PPZn"N'‘.Cl* 
L’hloride of Si ibio-triphenyl-triaminonium, 3C*ll^N.8b'"Cl* — (C“IP)“lPSb'"N’*CP* 
Chloride of Starinieo-tetraphenyl-tetrara-' 
nioiiiiim, 


4C«H^N.Sn*"CP « (C«IP)‘‘lPSn»^N‘.CP. 


These salts are colourless, permanent in the air, and crystallise well. Some of them 
are soluble in water; some may bo fused, sublimed, or distilled without decomposition, 
iur the description of the individual compounds, see Phknylammoniums. 


SUBSTITUTION-DEttlVATIVBS OF AnILINE. 


The derivatives of moiiophenylamino or aniline, 1 N, may be arranged in two 

wdl-defined groups, namely, 1. Those which are formed by substitution of bromine 
cui^nue, cyaiiogcn, iodine, nitrogen or nitryl for one or more atoms of hydrogen 

l»-longing to the phenyl-radicle , e. g. brmuimUne, dinitraniline, 

H2 p. 

2. Those which arc formed by substitution of alcohol-radiclcs or acid-radicles 
wthe extra-radical or typic hydrogen, e.g, ethylanUine, CHi4n, phenylacetamide^ 

&c. 

LeBIVATIVES op ANn.TNB FORMED BY BEPBACEMENT OF HyDROGEN WITHIN TUB 

Phenyl-badicbe. 

bv^M hydrogen of aniline may be replaced, to the extent of 1, 2, or 3 atoms 

by th bromine, or nitiyl. The trichloro- and trihromo-compounds are formed 
chJ chlorine or bromine on aniline; those containing only 1 or 2 

bromine, a,s well as the nitro-compounds, are not obtained directly from 
bvdro» substitution-compounds are less basic in proportion to the number of 

replaced. Mono- and di-bromo-phenylamine are basic; so likewise 
mononit^-compounds ; but the tribromo-, dichloro-, 
oinitro- and trinitro-phenylamines are neutral. One atom of rascal hydrogen 



430 


PHENYLAMINES : 


in aniline may also be replaced by iodine, and by cyanogen. lodophehylamino 
is obtained by tbs direct action of iodine on aniline ; and cyanophonvl’ai>.‘ 
cyanilidc, C®1I‘'(CN)N, by that of chloride of cyanogen on an ethereal sofV " 

of aniline cooled by ice. lodophenylarnine is basic; cyanophenyl amine is neutrl 
In connection with the last-mentioned compound must also be mentioned a b 
called cyan aniline, produced by the direct action of cyanogen on aniline ^ 
tairiing CUI^N* = C“H’N.Cy, that is to say, the elements of cyanogen and 
united without elimination of hydrogen. 

There is also a group of compounds called azophcnylaminos in which! 
nitrogen takes the place of 3 at. hydrogen. “ 

The monochloro-, bromo-, and nitro-phenylamines are susceptible of two isome ' 
modifications. 


1. Asojihenylamines. 

These are bases produced by the action of nitrons acid on aniline, and on tli 
bromo-, chloro-, iodo-, and nitro-plienyhimines above mentioned, and derivable there 
from by the substitution of 1 at. nitrogen for 3 at. hydrogen. They may also be re 
gardod as formed from benzene, C®!!®, and its derivatives, bromobenzone, nitrobenzeup 
&e.,by the substitution of 1 at. nitrogen for 1 at- hydrogen ; and this is the viewofthei 
constitution entertained by Griess, by whom they have all been discovered ant 
investigatc^d (PJiil. Trans. 1864, Pt. iii. p. 667). 


iLzoplienylamliie^ or Azaniline, 

c®n^N'> 


C^JT^N" 

IT* 


jN, 


or Diasohmzei 


' TI^N' f 

>. — This base is obtained as a nitrate: 1. By the action of nitrous acid or 
nitrate of aniline : 


C«H'N + NIIO» = + 2H‘^0. 


Nitrate of aniline ground to a paste with water is submitted to the action of niiroiif 
acid gas in a vessel externally cooled so as to prevent the temperature rising ubovt 
30®. ^ The salt then gradually dissolves, and as soon as it has all disappeared, the solu- 
tion is filtered to remove traces of a brown resin, tlien mixed with 3 vol. strong alco- 
hol, and ether is added to precipitate the nitrate of azojDhenylamine. The precipitated 
crystals are separated from the motln^r-liquor by filtration, and decolorised by solution 
in cold dilute alcohol, and reprecipitation with ether. 

2. By the action of nitrous acid on azodiphenyldiamine, N'" >N*, dissolved in 

H j 

ether and mixed with nitric acid : 

C12H»N» + NIIO* + 2NHO® = 2(C®HmNHO») + 2IP0. 

Azo*nphenyI- Nitrate of azophenyi- 

diamine. amine. 

3. By the direct action of nitrous acid on aniline mixed with 4 vol. alcohol, in \vbi(‘l] 
case it is probable that azodiphenyldiamine is first formed (p. 460) and then converted 
into nitrate of azophenyl amine as above. 

4. By the action of nitrous acid on nitrate of ethylaniline : 

C«H®(C*H®)N.NnO* + NIIO* = C®H<N*NIIO* + C*H«0 + IPO. 

A very concentrated solution of nitrate of azophenylamine mixed with very strong 

caustic potash and evaporated over the water-bath, yields a compound of azopheny* 
lamine with potash, C®IPN*.K HO ; and the aqueous solution of this compound mixed 
with acetic acid, deposits azophenylamine as a thick yellow oil, having a peculiar 
odour, and remarkable for its extreme instability. It soon begins to give off nitrogen, 
and is rapidly converted into a brownish-rod substance ; the decomposition is attended 
with considerable rise of temperature, which, when large quantities are concerned, may 
give rise to dangerous explosions. Ether dissolves it instantly, with violent evolution 
of gas, and forms a red solution. 

CoMPOUJiDs OF AzoPHENYTJtTVfiNE. — ^Azophenylaminc unites both with acids, and 
with other bases organic and inorganic ; but the compounds are best obtained by 
indirect methods. 

Bromine-compounds. — The kydrohrnmate^ C®H^N®.ITBr, is produced, together 
with tribromaniline, by the action of bromine on azodiphenyldiamine, as shown by 
the equation : 

C12H»n* + Br« « C®HmHBr + C®H«Br^ -h 2HBr. 

• The tenn axophenylamiae was applied by Gerhardtto Zinin’s semibensldam, ; Jut ‘hj* 

l^yhas the composition of am idopheny laralne, caH®(NH2)N, or of pheny l«ne-aiann»*-» 
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On adding an ethereal sohit.on of hromine hy drops to a modenitely strong sointion 
f,f azndiplienyldiamine, a erystalhno prccipit ate of hydroliromato of asophenylamino 
is produced while tnbromamline remiuns m solution. The crystals must be quickly 
M itli othor and dnod over oil of vitriol. ± J 

'ilvdi-oln-omate of aaopbonylamino c^s(,alli.ses in white nacreous scales easily soluldo 
in U'«h-r. less soluble in insoluble in The solutions hare a strong acid 

rniiftion. The salt is very iiii.sUble, doeomposintr spontaneou.sly with a peenliar odour 
, 1,1 wif h VKdeiice by liout, fricl.ioii or pre.s.suro. The aqueous solution treated 

su\]\ moist Moruh^ of Sifmr yields bromide of silver and hydroehlorate of azophenvl- 
iriiiiio or ehloride or a/ophpn3d:nnmoninm. ^ •' 

' Brcuiop/aiiaritc. 2(C“ll*NyinSclPl>'Brt-Obtained as an insoluble reddish-yollow 
jirn-ipitnte on mixing platinic bromide with aqiieous nitrate, of azonhenylamine It is 
urroinposed by heating with carbonate of sodium, in tlie same manner as thc’chloro- 
platiimte {;infra) yielding broriiobenzcne. 


Perhromide of Aj:roj)k€nt/lammonm^^^^^ ^ | NBr*. Tliis cora- 

pouiul, probiibly analogous in constitution to the tri-iodide of tetrethylammonium ig 
l.rotlnced by llie action of bromine on nitrate of azopbenylamine. Oii adding a, srJall 
fjiiantily of bromine-water to an aqueous solution of the nitrate, a wliite crystaHiiie pre- 
cipitate of Iribromopbenie acid is usually obtained, owing to tbo presence of a small 
quMiitityof j^bonol formed from the decomposition of the nitrate by water. On re- 
moving tliis precipitate as quickly a.s pos-sible and adding a largo excess of bromine- 
Avafi r to I lie filrrate, perbroinl*l(‘ ut‘ azopbcnylammonium separato.s as a brownish-red oil, 
which wlicii sojumited from the motber-Iiqiior quickly -solidities in a cr^stfillinc mas.s ; 
it may hr ptirified liy washing with ether, or liy di.<5Solving it in cold idcohol, leaviicr 
the soliiliou to ovaiiorate spontaneously in shallow vesseds, and then washing the 
residin' with a little ether to remove an oily product of decomposition. 

I’crhromide of azophcnylamnumiiirn cry^stallises in yellow plates insoluble in 7 vat(’r, 
rather (iitliculfly solulile in alcohof insoluble in cllur. It is comparatively stable in 
the dry .state, but detxjinposes quickly in alcoholic solution. When heated it gives off 
Iromiiic and nitrogen and is converted into bromoben/.ene : 


c/wmir^ - C«JI'‘Jlr + N* + Bv\ 

In (leoomposing large quantities of the piTbromide in this manner, it should be 
mixed with carbonate ot* sodium, otherwise a violent explosion is likely to occur, 
hroinolionzem.'. is likewise formed on heating the perbromide with alcohol, and separates 
(is a heavy oil on adding water to the solution, 

^Vith aqueous ammonia the perbromide yields azophcnyleiio-diamin e (diazo- 
b( nzuliuiide of Griess) and bromide of ammonium : 

C«n‘N*Br* + 4Nie N» + .3NII*Br. 

Perbromide. A zopheny I<*nc-di am i ne, 

Chlorine-compoiinds . — The hydrocltloraic is obtained by treating an aqueous 
soUifion of tlie nitrat e with raoi.st. chh^ridc of silver. 

CU irroauratc^ If Cl. AuCP. -- - Obtai ned on adding trichloride of gold to an 

aqueous solution of the nitrate, as a light yellow crystalline precipitate in-soluble in 
but soluble in alcohol, from which it crystallise.s, on cooling, in small golden 
3rllow plates: it cannot however be recrystallised without loss, and i.s completely 
U0(*om posed by contimied boiling with alcolud. 

J^nlphydric acid gas passed through water in which this gold-salt is suspended, con- 
it into trisulphide of gold, and a volatile oily liquid isomeric with phenyl- 
»i^rcapta»(p. 418.): 

C«H<N2 + IVS = C«H«S + N*. 

This liquid has an odour of mercajitan, but is not precipitated by acetate of lead or 
n of silver. A small portion of the azoplionylamine undergoes at the same time 
^ decomposition, resulting in the formation of aniline : 

C«H^N* -h == C»irN + NH* + S«. 

^I’Jphydric acid passed over the gold-salt spread in a thin layer over the inside of a 
s tube, decomposes it into hydrochloric acid, trisulphide of gold and azophenyl- 
rulf ' decomposition of larger quantities is attendc'd with explosion. 

^ ^ nUtroplatinaih, 2( 0*^11 *N®.II.Cl).Pt*^Clk — Precipitated on adding platinic chloride to 
concentrated solution of the nitrate, in fine yellow prisms almost insoluble in 
^ iol and ether. They are moderately stable, but when kept for some time acquire 
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a brownish colour, and are gradually but completely d(»composed. The salt defl 
grates when heated, but if mixed with a large excess of carbonate of sodium, bariu** 
calcium, &c., and heated in a sand-bath, it is quickly decomposed into chlorobenze 
metallic platinum, chlorine, and nitrogen : 

2(c«n<N*.nci)Pt*^ci^ - 2C‘‘n»ci + Pt + ci* + 

Nitratfi of A::;oph(‘.nylaminc, C®H*N'*NHO®. — Tins salt, the preparation of 
which has been already described, crystallises in long white needles very soluble ^ 
vmUr^ less soluble in alcohol^ almost insoluble in ether^ and in benzme. It may h*' 
dried without alteration over oil of \ntriol. When lieated even below 100<=>, it explod/ 
with fearful violence, far surpassing that of fulminating mercury or iodide of nitrocen* 
The explosion of a gramme, of it causes a concussion like that produced by firing ^ 
pistol ; a somewhat larger quantity explod<*d on an iron slab several lines tluck 
smashed it to atoms. Friction, pressure and percussion also cause it to explode. The 
smallest particles of it accidentally dropped on the floor of a room, and trodden upon 
when dry, give rise to a series of explosions attendi;d with flashes oMight. 

Nitrate of azopheiiylamine is resolved by boiling with water, into phenol, nitric acid 
and free nitrogen : 

C«H«N®.NHO* + H^O = C®H*0 + NHO® + N* 

By distillation with alcohol, it is resolved into dinitrophenic acid, benzene and 
aldehyde, together witli water and free nitrogen : * 

2(C®H^N».NHO») + Cm^O = C®HXN0*)20 + C®H« + Cm*0 + H*0 + N* 

A cold aqueous solution of the nitrate left in contact with levigated carbonate of 
barium, slowly gives oflf nitrogen and is converted, after some days, into a mixture of 
two compounds of azophenylamine with phenol : viz. = C®H^N®.C*H«0 and 

= 2G“IT^N'^.C®H‘‘0 (vid. inf), the mode of their formation being as follows : 

2C«TT^N2 + H^O — C'2H‘®N-0 + N* 

+ H'-’O = + N*. 

On mixing very concentrated aqtioous nitrate of azoplicnylamine and caustic potnah, 
a compound of azophenylamine with potas.sic hydrate, C“JI*N®.KnO, is produced; but 
on mixing dilute aqueous solutions of the two bodies, a yellow liquid is obtained, whifh 
has a peculiar odour, soon begins to give off nitrogen, and deposits a reddish-brown 
aubstance having the composition C**II"*N*0: 

4C«II^N2 + H^O = + N«. 

The reaction is very slow at common temperatures, but takes place quickly on heating 
the liquid, the redd i.sh -brown substance being then separated as a resinous semifluid 
ma,ss, quite insoluble in water, only slightly soluble in alcohol, even at the boiling 
heat, but easily soluble in ether, and remaining as a resin on evaporating the ether. 
Its powder is strongly electric. When boiled with nitric acid, it yields a yellowish 
crystalline body. 

Alcoholic potash added to the aqueous nitrate of azophenylamine produces a more 
complicated reaction, yielding benzene and phenyl, in addition to the reddish-brown 
substance : 

c®n^N* c*H«o = c®H» + cm*o n-. 

AzophenyU Alcohol. Benzene. Aldehyde. 

amine. 

2C®II*N* + C*H®0 « + C*H®0 + N«. 

Phenyl. 

On heating the liquid in a retort, the benzene passes over with the alcohol and may be 
separated by addition of water, while the i)henyl, being less volatile, distils over after 
the alcohol and crystallises in the receiver. It melts at 70®, and resembles in every 
respect the phenyl obtained by Fit tig (p. 409). 

Dilute aqueous ammonia added to an aqueous solution of nitrate of azophenylamine, 
forms a brown mass separable by alcohol into an easily soluble and a sparingly soluble 
portion. The latter is identical with the compound produced by the action 

of potash; the former is azodiphonyl-diamine, produced as shown by 

the equation : 

2(C®H^N*NHO») + 3NH» -i- 2(NH*.NO*). 

With bromine, nitrate of azophenylamine yields perbromide of azophenylammonium. 
With auric and plaiinic chlorides, it forms precipitates of the chloroaurate and chloro- 
platinate of azophenylamine. 

With aniline in aqueous solution it forms azodiphenyl- diamine and nitrate of aniliD® • 
C®H<N*.NHOa + 2C®H»N « C‘*H*'N* + C®H:»N.NH0*. 
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t like C'^H^BrN’; and 

tlth nafhthylarmne, it forms azonaphthyl-phcnyl-diamino (seo FmanL-oiauiNES, p. 

Ifi): cW"jN ^ ^ (C“W''rjN. 

Oxvhemamate of Asophenylamine, « OTPN*. C^H'NO* or 

(c«H2N"7|^2 

jizophenyl-oxybenzamv! acid^ (C*H^Oy' >q. — Diazohensol-amidohcnzoic acid (fiTicsHs), 


^Obtained by mixing an aqueous solution of 1 at. nitrate of azophcnylamine with 2 at. 
oxvleiizamic acid, separating as a yellow crystalline precipitate, the ethereal solution of 
which deposits yellow crystals, to bo purified by washing with cold water : 

C^HWNHO* ' + 2C»H^NO* =» C'»H“N»0* + C’H-NO^.NnO*. 

Nitrate of Azo- Oxybenzamlc Oxybenzamatc of Nitrate of Oxybcnzamic 

phenylamine. acid. Azophenylaininc. acid. 

ft forms small indistinct plates or crystalline grains, nearly insoluble in water, very 
sparingly soluble in alcohol, easily soluble in ether. Heated on platinum-foil, it melts 
ajad is rapidly decomposed, with violent evolution of gas. Cold dilute tnincral acids 
act upon it but slowly, but decompose it speedily with aid of heat. Acetic acid even 
when highly concentrated has no action upon it in the cold, but destroys it when heated. 
Solutions of ammonia, potash, and carbonate of potassium dissolve it readily, with 
yellow colour. 

Azophcnyl-oxybenzamic acid exhibits, with bases, the behaviour of a dibasic acid, 
uniting with them in two preparations. All its salts are comparatively stable: tho.se 
which are soluble in water, the potassium-salt for example, will even bear recrystal- 
li,Hiition. With the oxides of silver and barium it forms insoluble precipitates. 

Like moat amic acids it exhibits basic as well as acid characters. On mixing its 
ethereal solution with an alcoholic solution of platinic chloride, a chloroplatinate, 
C'^II“N®0*.2lICl.Pt‘^Cl*, is precipitated in small indistinct yellowish-white plates. 

Azophenylarnine forms similar compounds with paraoxyhenzamic acid (p. 352), 
cxi/anmmio acid, &c., which are obtained in like manner by acting on nitrate of 
azopheuylamino with the respective acids. 


Pkenates of Azophcnylamine. — Two of these compounds, containing respect- 
ively the f’lements of 1 and 2 at. azophcnylamine with 1 at. phenol, are produced, as 
alrwidy obs(Tved (p. 432), by the action of carbonate of barium on a cold aqueous solution 
of nitrate of azoplienyhamine. Nitrogen is then slowly evolved, and a reddish-brown 
mass is formed, consisting of the two compounds just mentioned together with the excess 
of carbonate of barium ; and on filtering off tho solution containing nitrate of barium, 
removing tlie excess of carbonate by hydrochloric acid, and treating the residue with 
cold alcohol, the compound containing tho larger proportion of phenol dissolves out, 
while the more basic compound remains for the most part undissolved. 
Monoazophenylamic Phenate, = C**H^N*.C®H®0, or Azodiphenylamic acid, 

Iji ^ j Q. — To purify this compound, the alcoholic solution obtained as above is 

evaporated, tho residue is treated with ammonia, and the deep yellow solution after 
being filtered, is decomposed with hydrochloric acid. Azodipheriylamic acid is then 
precipitated in crystals which may be further purified by repeated crystallisation from 
Weak spirit. It is almost insoluble in cold water, slightly soluble in boiling water, from 
wiijch it crystallises on cooling in small but well-formed rhombic p>risms of a fine 
yellow colour with a tinge of violet. From alcohol and ether (in which it dissolves 
1 * 4 ^ it usually ciystallises in brittle brownish-yellow nodules. It melts at 

to a brownish-yellow oil which cannot bo volatilised without decomposition, but 
IS destroyed at a higher temperature, with formation of yellow vapour. 

Ibis compound possesses slight acid propertie.s, and forms saline compounds with 
prtain metals, but it is not capable of decomposing carbonates. On evaporating its 
, on with aqueous ammonia, the whole of the ammonia is driven off. It forma a 
fiet precipitate with nitrate of silver. 

C*®H‘^N^O « 2C«H^N*.C*H«0, or Azotriphmylamic acid, 

H* ^ Jq, — T his compound may be obtained pure by recrystallising the less 
®®ldble portion of the reddish-brown substance above mentioned, once or twice from 


dissolving it in ether, and leaving the solution to evaporate, 
however it is contaminated with traces of ano ' 


fated dissolved in caustic potash, and the filtered alkaline solution precipi- 

■olubi • hydrochloric acid. It crystallises in brownish-red needles or plates, easily 
V sparingly in cold alcohol and in hot water. It melts at 113® and 

Iv. Y F 


another substance, to remove 
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decomposes! at a higlier temperature like the. preceding compouni It is nearly nential 
but dissolves easily in potash, forming a ruby-red solution, ■with dimculty in aqueom 
ammonia, and not at all in aqueous carbonate of potossium. It is likewise insoluble in 
dilute acids, but dissolves in concentrated acids, forming blood-red solutions which 
docornpoae when heated. 

Sulphate of Azophenylamine, C®IPN*,SH*0^ This salt may be obtained by 
the action of nitrous aend on sulphate of aniline suspended in water, or more con- 
veniently by treating a concentrated .aqueous solution of the nitrate with dilute sulphuric 
acid, mixing tho resulting solution with 3 yol. absolute alcohol, and then with pthor, 
which causes the sulphate of azophonylamino, together with some water, to sopamto 
in a layer at the bottom, while the liberated nitric acid, together with excess of sul. 
phuric acid, remains mixed with tho supernatant alcohol and ether. This latter is 
decanted, the solution of the sulpliate once more treated with absolute alcohol and 
precipitated by ether, and the precipitated liquid placed in flat disbe.s over oil of 
vitriol It then solidifies to a magma of crystals, which must be washed on a filter 
with a mixture of alcohol and ether, to remove any traces of sulphuric acid and phenol 
produced by partial decomposition of the sulphate, thou dissolved in t«ld weals alcohol, 
precipitated by ether, and the crystals quickly dried ovc^ oil of vitriol. 

Sulphate of azophenylamine crystallises in prisms, which dissolve readily in water, 
with difficulty in absolute alcohol, and not at all ni ether. Tlie aqueous and alcoholie 
solutions decompose, with evolution of gas, on boiling. When exposed to the ah. the 
salt rapidly absorlis moisture, becomes liquid, and gradually decomposes. When 

heated alone, it deflagrates feebly at about 100*^. y r • -j • a? 

Sulphate of azopheiiylamino heated with concentrated sulphuric ^ th« 

whole of Its nitrogen and i.s converted into disulphopheny lenic acid, 
C‘'H\2SIPO^ (see Sulphukic Ethkks) : 

+ SH*0^ « C*IPS-0^ + N®. 

CoMrouNDS OF AzorHEjiYEAMiNB WITH BAfiEs.---o. With Hydrate of Potasmm, 
C®H^N®.KnO. On adding a very concentrated solution of nitrate of azophenylamine, 
drop by drop, to strong aqueous potash, a yellowish liquid is obtained, having a 
peculiar aromatic odour and solidifying by evaporation over the water-Uitli to a 
crystalline mass, which is a mixture of the compouinl of pot: issic hydrate 

azophenylamine with nitrate of potassium, and a brownish-red body, the result ot a 

secondary reaction. Tho crystallino ma.ss is put into a strong linen cloth and well 
squeezed between porous stones, to remove tho exces.s of potash ; the dry cake is leii 
treated with absolute alcohol, which readily dissolves tho compound of potassic hydrate 
and azophenylamine, leaving tho nitre undissolved ; the alcoholie filtrate which has an 
intense reddi.sh-l)rown colour (due to the above-mentioned secondary 
evaporated over the water-bath ; and the residue is once more pressed and washed miui 
a mixture of alcohol and etlier to remove tho reddish-brown substance, iij again press- 
ing the nearly white cake thus obtaiiKJd, dissolving it in a small quantity o a ^su i 
alcohol, filtering, and adding a sufficient amount of ether, the compound i.s precipitaica 
in small white crystals which must be immediately dried over oil of vitriol. 

It crystallises in small white soft plates, becomes reddish by exposure to the ain » 
easily soluble in watfr and in alcohol, insoluble in ether. Tho solutions have a s S 
alkaline reaction. The freshly prepared aqueous solution is but slightly coloured ; duu 
by keeping for a short time it acquires a yellow colour, and ultimately i 

reddish-yellow substance. The decomposition does not appear to bo much , 

by boiling. The dry substance is very stable. When heated alone it explodes 
a slight report at a little above 130^. i 

/3 With Hydrate of Silver, AgllO. Obtained as a white or slightly 

late-coloured precipitate by heating a freshly-prepared solution of the ^ . 
compound with nitrate of silver. After removing the mother-liquor, the prmp 
is thoroughly washed with water, dried by pressing between filter-paper, and J 
over oil of vitriol. It is insoluble in all the ordinary neutral solvents. . 

even when cold, dissolves it with great facility. It is remarkably stable, not ex 
the slightest sign of decomposition even after being kept for weeks. It ®*P 

with some violence when heated. i. ^nluble 

y. With Hydrate of Barium. Precipitated by adding the solution of a very 
barium-salt to a moderately concentrated solution of the 
white, microscopic, indistinct needles or plates, which become yellowish from grau 
decomposition. It is sparingly soluble in water. -momhouB 

J. The compound of azophenylamine with hydrate of einc ib a white 
powder, insoluble in water. The hod-compound is also a white powder, DU 
turns yellow. With euprio sulphate a brown precipitate changing to greeh 
Mercuric chloride gives no precipitate. 
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Co'MPOUNDS OF Azophknylamine WITH OTHER ORGANIC Bases. — Azophenylaminc, 
q jilready observod (p. 432), unites with aniline, bromaniline, and naphthyl amine, 
r.tninff compounds which have the constitution of phenyldiamines, and will be 
SbcdundVr that head (p. 469). 

2. Bromophenylamines. 

afODObromoplienylamlne or Bpomanllln©, C®H«BrN *= (Hof- 

niaiin, Ann. Ch. rharm. liii. 42.— -E. J. Mills, Proc. Roy. Soc. x. 689.— Griess, 
rhil. Trans. 1864 [3], 713). — Of this base there are two isomeric modifications, a and 
a exactly resembling one another in their chemical deportment, but distinguished by 
certain physical properties, both in the free state and in combination with acids. 

Alpha* bromaniline is prepared: 1. By heating bromisatin with potash, just as 
aniJino itself is obtained from isatin (p. 420) : 

C'H^BrNO'* + 4KHO * C«IPBrN + 2K^CO® + H*. 

The distillation is continued till the residue is nearly dry, and gives off a brown oil 
which no longer solidities. The oily drops which passed over at the beginning of the 
distillation and have solidified in the crystalline form, are then washed on a filter with 
water and recrystallised from boiling alcohol f Hofmann). — 2. By distilling dibromo- 
llunylacetamide (p. 418) with potash (Mills). — 3. By the action of nascent hydro- 
pen (generated by the action of zinc and sulphuric acid) on an alcoholic solution of 
azobroinopheiiylene-diamine : 

+ H* = + 2NH». 

Wlien the addition of water no longer forms a precipitate, tho bromaniline may be 
wparated by evaporating tho alcoholic solution over a water-bath, and distilling with 
potash (Oritiss). — 4. By the action of sulphide of ammonium on jS-bromonitro- 
benzene (p). 416). 

jS-llromaniline is obtained by the action of sulphide of ammonium on a-bromo- 
nitrobenz(!iie (p. 416). 

Properties. — Alpha-bromaniline crystallises in colourh^ss, regular octahedrons, ex- 
actly like ehloraniline (II ofmann) ; that prepared from phenylacetamide sometimes 
crystallises in needles (Mills); always in octahedrons (Griess). It melts at 60° 
(lldfmann); 67° (Griess); and solidifies again at 46° (Hofmann). In odour 
aiui taste it resoinbles ehloraniline. 

j8-brumaniline is an oil which does not solidify even in winter. (Griess.) 
Bromaniline (both varieties) is easily reduced to aniline by potassium-amalgam. 
With excess of bromide of ethyl, it is quickly converted into hydrobromato of othyl- 
bmmaiiiline, C“II‘‘’BrN..ll Cl. Its aqueous solution imparts a violet colour to aqueous 
chJoride of lime, weaker than that j)roduc(?d by aniline, but stronger than that produced 
by ehloraniline. Its salts colour chloride of limo red-browu and firwood yellow. Brom- 
aiiilitKulissolves readily in sulphide of carbon. 

Jlt/drochlorate of a-lmmaniline, C®n‘'BrN.HCl, crystallises from boiling water in 
ii;icn‘ous radiated fibres, but by evaporation over oil of vitriol, in well-defined mono- 
cliiiic prisms (Hofmann). Hydrochlorato of i3-bromaniline forms white nacreous 
brilliant plates, which are readily soluble in water and alcohol, and quickly turn red 
vhen exposed to the air. (Griess.) 

The chloroplatinate of a-hroinaniline, 2C®H®BrN.H®Cl*.Pt‘’'Cl*, precipitated on mixing 
hydrochlorato of o-bromanilino with platinic chloride, closely resembles tho corres- 
ponding compound of ehloraniline (Hofmann). The corresponding salt of fi-brom- 
anilniv ci^’stallises in yellow, often well-formed prisms, much more soluble than the 
fibndcr higldy-lustrous plates of the a-salt. (Griess.) 

Ihi oxalate, 2C®H®BrN.C*H*0^ precipitated from alcoholic a-bromanilino by aqueous 
oxalic acid, and crystallised from boiling water, forms indistinct crystals, sparingly 
soluble in water and alcohol. 

Oibromopbenylamlne or Xlibromanlllnet C^H^Br^N =» (Hof- 

J^ann, Ann. Ch. Pharm. liii. 47. — Griess, ibid. exxi. 267.) — Prepared: 1. By 
oistilling dibroraisatin with caustic potash, washing the distilled and crystallised oil 
. Water, and crystallising from boiling alcohol (Hofmann). — 2. By adding bro- 
^100 to phenylacetamide suspended in water,, till it is convertf'd into a reddish resin- 
ous mass, consisting mainly of dibromophenylacetamide (C®H*Br®)(C2H’0)HN, and 
subjecting this product to distillation with potash. Dibromaniline then passes over 
^ drops which solidify to white needles. On dissolving this product in warm 
Moderately strong hydrochloric acid, any tribromaniline that may be present remains 

F r 2 
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undissolved, and on evaporating the hydrochloric acid solution to dryness, and treat! 
the residue with hot water, dibromanilino alone remains undissolved, while 
hydrochlorato of monobromaniline are taken up by the water. (Griess.) * 

Large, flat, somewhat rhombic prisms, molting between 50® and 60° to a da V 
coloured oil, which often remains liquid long ^ter cooling, but then crystalli^^* 
suddenly on agitation (Hofmann). Crystallises from alcohol in needles or 
lamina*, which melt at 79-5°. (Griess.) **8 

Dibromaniline dissolves sparingly in water^ forming a liquid which becomes turbM 
on cooling and gradually deposits slender needles ; it is soluble in alcohol. It 
very weak base ; its solution in adds colours finvood yellow ; it is precipitated bv 
alkalis. It forms crystallisable salts, which however aro less stable than those 
bromaniline. 

The solution of dibromaniline in boiling hydrochloric acid^ yields on cooling, lamin® 
containing 13 31 percent, hydrochloric acid ; when they are dissolved in water part 
of the base separates in thin oily drops ; and the solution evaporated under a bell mr 
over lime, which abstracts the greater part of the hydrochloric acid, deposits nearly 
pure crystalline dibromaniline (Hofmann). The hydrochloric acid solution formd a 
crystalline orange-yellow precipitate with platinic chloride. li\ie.hydro(;hlorate,C,^YiyQ^^ 
crystallises in tufts resembling palm-branches ; the easily decomposiblo platinum^iali 
2C«H»B^2^^.H■'CRPt‘^Cl^ in yellow prisms. (Griess.) 


Tribromophenylamiiie or Tribromantline. C*H^Br*N = 

(Fritzsche, J. pr. Chem. xxviii. 204. — Hofmann, Ann. Ch. Pharm. liii. 50.}— 
hromanildid (Fritzsche). — Preparatioti. 1. Dry bromine is mixed with aniline in 
such proportion that the mixture solidifles completely after a while in the cystalline 
form, after which alcohol is added, and also more bromine till its odour becomes per- 
manent. The green is h-grtiy crystalline magma of tolerably pure tribromaniline is iIku 
separated by filtration from the greenish-yellow alcoholic licjuid, which contains hydro- 
bromic acid and the decomposition-products of the alcohol, and deposits more tribro- 
maniline when mixed with water; after which it is washed on the filter with alcohol 
and dissolved in hot alcohol: the solution thus obtained yields nearly colourbss 
ciystals (Fritzsche). — 2. The aqueous solution of an aniline-salt is mixed with 
aqueous bromine, which disappears and produces a white turbidity and preeipitatinn 
of microscopic-*needles, the addition of bromine being continued till the precipitation 
ceases and a slight odour of bromine remains ; the precipitated powder, which has a 
reddish tint arising from a decomposition -prod net, is collected, and freed from this 
impurity by distillation in a small retort ; and the distillate, which solidifies in a 
crystalline mass, is reciystallised from boiling alcohol (Fritzsche). — 3. An aqueous 
solution of hydrochlorate of bromaniline is mixed with aqueous bromine, and the violet- 
white precipitate is distilled with water, whereby snow-white crystals are obtained at 
first, but afterwards violet crystals which cannot bo decolorised by reciystallisation 
from alcohol. (Hofmann.) 


Properties . — Tribromaniline crystallised from hot alcohol forms colourles.s, shining, 
long, slender needles ; hut when solidified after fusion, it is of a crystalline texture, 
brittle and easily pulverised. Melts at 117® to a clear liquid; boils at about 300°; 
distils over unchanged (Fritzsche), and sublimes in radiating crystals having a silky 
lufetre (Hofmann). It is insoluble in water ; sparingly soluble in cold, easily in 
boiling alcohol and ether. It is not basic, and does not dissolve either in dilute acids 
or in alkalis. Strong boiling nitric acid decomposes it. Warm strong sulphuric add 
dissolves it without decomposition, acquiring a purple colour from decomposition 
only when heated nearly to the boiling point. Strong potash-ley has no action on it, 
even at the boiling heat. 

Axobromoplienylamliie or IHazobromobenzene^ C*H*BrN* =» ^ |^’ 

(Griess, Proc. Boy. Soc. 1864 [3] 695.) — The nitrate of this base is produced ^7*-^ 
action of nitrous acid on an at^ueous solution of nitrate of bromaniline or an etherew 
solution of azobfjpmodiphenyl-diamine, just in the same manner as azophenylaniine is 
prepared from nikate of aniline or from azodiphenyldiamine (p. 429). In the former 
case the nitrous acid gas must be passed very rapidly at first ; otherwise azobromoai- 
phenyldiamine will be formed, which is very difficult to convert into ni^te of 6*^ 
bromophenylamine in an aqueous solution. The product obtained by either procew 
may be purified by repeated solution in alcohol and precipitation with ethers. , 

The concentrated aqueous solution of the nitrate treated with strong caustic pow* » 
yields the compound C*H*BrN*.KHO, from which the azobromophenyla®^ 
may be separated by dilute acetic acid in slender bright yellow needles. It 
be obtained as a bright yellow amoxphous precipitate by adding potash to the aqa«*> 
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, X- « rtf the nitrate. In either case it must be quickly removed fi»m the mother- 
over pU of vitriol. 

**■ dangerous compound, the slightest pressure or even 
t wth a rough object causing it to go off in a fiery explosion, equalling, if not 
in violence that of azophcnylamine. It is much more stable at ordinary 
■^^^^Tiiturcs than uzophenylamine ; nevertheless it does not long remain unchanged, 
after being kept for some time, leaves a reddish-brown residue which no longer 
(lodes even when heated, and appears to have lost all its nitrogen. Ether dissolves 
'^^'broinophenylamine with evolution of gas, frequently violent enough to caii.so explo- 
Azohromophenylamine when recently prepared dissolves in potash and in 
mincrol acids. 

Salts of AzoBROitfOPHENYLAMiNB. These salts may be formed by direct combina- 
iouofthe base with acdds, but more conveniently by methods similar to those already 
lescribfd for the preparation of salts of azophcnylamine. 

'l\\%hydrohr ornate^ C‘*H*'BrN*.HBr, is obtained by decomposing a solution of the 
Bulohate with bromide of barium, or by the action of an ethereal solution of bromine on 
in ethereal solution of azobromodiphenyldiamine : 

C>'n®Br2N> + Br* « CTPBrN'^.HBr -h C«H*Br*N + HBr. 

Azobromodipbeiiyl- Hydrobrom;ue of Tribrumaiiiliue. 

diamine. [Azobroinopheiiyl- 

uinine. * 

It forms white shining scales, very soluble in water, loss soluble in alcohol, insoluble 
in tether. In the dry state it may be kept for a long time without decomposition. 
When heated, it cxplodc*s almost as violently as the nitrate. Its aqueous solution 
treated with moist chloride of silver yields the liydroclilorutc. 

"llKhromoplatinate^ 2(C“H“BrN~.HBr)Pt‘’'Br*, isobtained by precipitation in ruby- 
red crystals; when heated w'itli carbonate of sodium, it splits up as shown by the equation: 

2(C«n'‘BrN2.HBr).PtBr* = 2C«H>Br^ -h Br« + + Pt. 

BronioplaCiuate. Dibromo- 

bcnzeiie. 

?t.rhromide of Azobromophenylammonium^ C®JPBrN'.Br®, is obtained, by 
treiiting the hydrobromate, nitrate, or sulphate with exec^ss of bromine-water, as an 
orange-coloured crystalline precipitate; sornetiincs also in the preparation of the 
liydruhromate from azobromodiph(iiiyidiHmiiu% in which case the hydrobromate may 
b^lissolved out from it by washing with cold water. 

The perbromido crystallises from solution in a small quantity of cold alcohol in 
rntiig(i.(!oloured monoclinic prisms, insolul)]e in water, f reedy soluble in warm, sparingly 
in eiild alcoliol, very sparingly in cold ether. When heated alone or with carbonate 
cf sodium it is resolved into dibroinobcnzene, broiniiio and nitrogen: 

C^Il^BrN'^Er* = C^H^Br^ + Br'* + N'^ 

It is also converted into dibromobeiizene by boiling its alcoholic solution. With 
a-iueous amimnia i t yields azobromophonylcne-diamine, 

C«H<BrN-'.Br» -h 4NH» = C®II"BrN* + SNH^Br. 

In like manner with etliylamine, phenylamine, &c., it yields ethyl- and phenyl- 
azoljronio-phenylcne-diamiiie, &c. 

Hfidrochloratc of Az obroino phenylamine^ C“H*BrN*.HCl, is obtained by 
posing the aqueous hydrobromate with moist chloride of silver. Tl)o chloro- 
C*IPBrN'‘'.HCl.AuCl*, is precipitated by atiric chloride from the aqueous nitrate 
as n yellow oil which soon solidifies to a crystalline mass. It is insoluble in water, 
bit dissolves in warm alcohol, crystallising therefrom in small goldt’n-yellow shining 
It is decomposed by sulphydric acid in the same manner as the gold-salt of 
^‘>}>henylamino (p. 430). The 2(C'‘H*BrM® HCl)Pt*’^Cl*, is pre- 

dpitated by platinic chloride Irom the nitrate or sulphate, in small yellow crystals 
appear under the microscope as fractured plates and are almost insoluble in any 
solvent. They are stable at 100° Heated with carbonate of sOdium it yields 
diiorobromobonzene according to tlie equation : 

2(C‘'H“BrN*^Cl).PtCl^ = 2C8H^Br01 + Pt -i- Cl* + N* 

^^drate, COH^BrN^NHO®.— Pn^pared as above described (p. 436). Crystallises in 
Pwe white scales or regular rhombic plates, very soluble in water, sparingly soluble 
jii strong alcohol, almost insoluble in ether. It explodes when heated, struck, or pressed, 
not BO violently as nitrate of azophenylamine. ^ When boiled with water it id 
fwiolved into bromophenic acid, nitric acid, and free nitrogen : 

C®H»BrN».NHO» + H*0 « C«H^BrO + NHO» + N*. 
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Boiled with dhoM, it yields bromobenzene and probably bromodinitrophenic add; 
2(C*H?BrN*.NH0*) + C’H‘0 - C*H*Br + C‘H*Br(N0»)’0 + 

Nitrate of Azobromo- Alcohol. Bromobenzene. Bromodinitrophenic ^ 

phenylamine. «cid. 

+ H*0 + 

With ammonia, iti forms azodibromodiphenyldiamine, together with a yellow body; 

2C«H*BrN* + NIP - C’*H*BPN» + N*. 

The same compound is formed on adding a concentrated aqueous solution of the nitrate 
to an alcoholic solution of bromaniline : 

C«H»BrN* + C-H^BrN = C«H»Br*N»; 

With aniline, the nitrate yields azobromodiphenyldiamine : 

C®H*BrN*.NHO» + 2C«H’N = C'^H'^BrN* + C«H^.NHO». 
identical, or at least isomeric, with the product obtained by the action of bromanilinj 
on nitrate of azophenylamine (p. 432). 

The aqueous solution of the nitrate mixed with oxyhcmamw acid yields azobromo 
phenyl-oxybenzamicacid, C'®TP®BrN*0* which crystallises from ether in smal 
roundish lumps of small needles or plates, and in every other respect is similar tc 
azophenyl-oxybenzamic acid (p. 433). 

Sulphate of AzobromopKenylamine, C®H*BrN-.Sn*0\ obtained by theactior 
of sulphuric acid on the nitrate, crystallises in very fine colourless prisms, very solubli 
in water, sparingly soluble in alcohol, almost insoluble in ether. It is comparativelj 
stable, and may bo recrystallised from water, without the slightest decomposition, bj 
evaporation over oil of vitriol. It explodes by heat and is decomposed by boiling vmUr 
When heated with sulphuric acid, it is converted into a siilpho-acid, probably disul 
phobromophenylenic acid, C‘*IPBr.2SIPO. 

Compounds of Azobromophenyjlaminb with Metal rjc IT ydbates. — The potassium 
compound, C‘‘il’‘BrN‘^,KHO, is prepared and purified exactly like the corresponding 
compound of azophenylamine, from which it differs in being precipitated from iti 
alcoholic solution by ether as a white gelatinous mass, and not in crystals. 

The silver-salt, C“H*BrN*.AgHO, is an almost insoluble precipitate, very similar b 
the corresponding compound of azophenylamine (p. 433). 

Azodl1>romoplieiiyiamliie or Diazodibnwwbenzene, C®H*Br*N*. (Criess, Pliil 
Trans. 1864 [ 3] 704). — The nitrate of this base is obtained by passing a rapid cuitlii 
of nitrous acid into aqueous nitrate of dibromaniline containing free nitric acid, the; 
leaving the solution to evaporate spontaneously, dissolving the residue in weak alcolidl 
and precipitating with ether. It can be recrystallised from water or alcohol b; 
evaporation below the boiling points of the respective solutions. The aqueous sol utio; 
is remarkably stable, not being completely decomposed even by several hours boiling 
The salt crystallises in fine white needles or elongated hexagonal plates. It does nc 
detonate so violently as the nitrates of azophenylamine and azobroiBophenylammc. 

The perbrornide, C*H^Br*N*,Br*, produced by adding bromine-water to the aqupoii 
nitrate, is precipitated in long slender needles. By boiling with alcohol, it yieW 
tribromobenzene, C*II*Br®. Aqueous amnwnia converts it into azodibroino 

(C-HN"')"} 

phenylene- diamine, C®H*Br*N* =» Br* Vn*. 

The chloroplatinate, 2(C®H^Br*N'MICl)Pt*'^Cl*, separates on adding platimc chlorid 
to the hydrochlorate, in small orange-coloured oval plates, sparingly soluble in watci 


3. Chlorophenylamines, 

nKonoobloropbeiijlamlne, or ClUoraiilline, C«H®CIN » ^ 

tiiis base there are also two modifications, analogous to o- and /B-bromaniline, exhihibt 
corresponding differences of physical properties and produced by analogous reac ion 
TKft firiat WMA discoverfid bv ITofmann fAnn. fJb. PbiHrm. liii. 1^: the BCCODfl 


The first was discovered by Hofmann (Ann. Ch. Pharm, lui. 1); tli® ' 
Griess (Phil. Trans. 1864 [3] 713). . 

Preparation of a‘ChhranUine,-^\. Chlorisatin is distilled with potash-ley or ny 
of potassium, till the residue has become solid, gives off ammonia 
by^gen, and yields a blue sublimate and a brown oil which no longer 
cooling. The solidified oil which first passed over is then collected on a filter, frew 
ammonia by water, and crystallised from boiling alcohol (Hofmann). 2. ^ 
phenylacetamide, (C*H^C1)(C*H*0)HN (obtained by the action of chlorine 
acetamide), yields by distillation with potash, a large quantity of chloranuine (JB 
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3 , By the action of sulphide of ammonium on /S-nitrochlorobenzene (p. 416) (Gri ess). 
^j 3 -chloraniline is obtained by the action of sulphide of ammonium on a-uitrochloro- 
benzene. (Griess.) . iv • , , 

— ^Alpha-cnloraniline crystallises in octahedrons having a diamond lustre, 
lioavier than water, melting betwetm and 65®, into a yellow oil which solidifies nt 
570 in large octahedrons. ^ It evaporates even at ordinary temperatures, so that 
hydrochloric acid held over it produces fumes ; may l)e easily distilled with water ; 
boils by itself at a temperature above 200®, and with some ducomposition, so that, 
together with the oil, the above-mentioned blue prt)duct passes over. It has an agree- 
able vinous odour and an aromatic burning taste like that of aniline ; does not act 
upon red litmus or turmeric, but turns dahiia flowers green.— jS-cliloraniline is an oil 
which remains liquid at common temperatures. 

Chloraniline (aor^) dissolves sparingly in water, thejjoiling solution becoming milky 
and depositing octaheilral crystals in cooling; soluble in wood-spirit, in (readily 

when hot), in ether (which abstracts it from the aqueous solution), in acetone, and 
easily in sulphide of carbon ; also in oils, both fixed and volatile. The hot saturated 
aqueous solution mixed with tincture of galls forms yellow flakes on cooling. 

Dmmpositio7is . — 1, Chloraniline burns with a bright, .strongly fuliginous flame, 
having a bright green border. — 2. Chlorine together with water, converts chloraniline, 
piirtly into trichloraniline, partly into trichlorophenic acid : 

C*H«C1N + Cl* = C*II*C1>N + 2IIC1 ; 

and: 

+ Cl* + n-^o « c«n»ci>o + irci + nh*ci. 

3. Bromine, either anhydrous or hydrated, decomposes chloraniline, with great evolu- 
tion of heat, forming dibromochloranilino and hydrobrorn ic acid: 

C'dl*ClN + Br^ = C«H*Br-C^lx\ + 2IIBr. 


4. IToatcd^^ith strong it begins to boil and continues boiling even after removal 

from the fire ; giws oft’ nitrous acid ; and yields, first, a dark red, then a black opaque 
liquid, and aft«'rwards, a.s the lieating i.s eontiniied, a clear scarlet .solutiou, W’Jiioh doe.s 
not precipitate nitrate of silver, and on cooling, 3'ield, son. etimes golden yellow needles 
rcsfunbling picric acid, and probably consisting of dinitruchlorophonic acid NO-)* 

CIO, sometimes a resin, which is preeif.)it{ited by water in yellow flakes, and dissolves 
with deep yellow colour in tilkalis, alcohol ami ether; the solution of this resin in 
alkalis is precipitated by acids, and its arnrnoniaeal solution, when freed from excess of 
ammonia by Itoiling, precipitates silver-solut ion reddi.sh-yellow, sometimes also in yellow 
orvstaDino spangb's. — 5. The a(jiieous solution of chloraniline aequin's a very faint 
violet tint when treated with chloride of Him, — 6. With chlorate of potassium and 
Jti/ilrik'lthric arid, chloraniline forms a violet-red, then a turbid brown, and ultinmtely 
a eolourless liquid, which at first deposits crystalline perchloroquinone, together with 
th- and penta-chlorophonic acid in the form of a brown vi.scid substance soluble in 
alcohol, but afteir decoloration contains nothing but p<Tchloroqui none and sal-ammoniac; 
the sHoiG reaction therefore as with aniline : 


C«H«C1N 

+ 

Cl* 

+ 


= C«H’CFO + 

Trichloroi>henic 

acid. 

NII*C1 

+ 

IICl; 

further : 

C‘H*C1N 

+ 

Cl* 

+ 

H*0 

« C«KCPO + 

Pcntachlorophenic 

acid. 

NH*C1 

+ 

3HC1; 

and; 

C»H«aN 

+ 

Cl« 

+ 

o» 

-= C«CPO* 

Perchloroquinone. 

NII^Cl 

+ 

2nci. 


7- The crystals, immersed in aqueous chromic acid, turn brown and become resinised ; 
jne (Iry mixture takes fire at the melting point of chloraniline. — 8. Aqueous chlorani 
•ne imparts to ferric salts a green colour by deoxidation, and on boiling, dcp>osits a 
uackish-violet product soluble in alcohol. — 9. When the vapour is passed over lime at 
^ low red heat, aniline and ammonia pass over, a large quantity of charcoal is separated, 
‘^l^loride of calcium is formed: 

^C«H«C1N + CaO *- + C« + CaCl* + NH* + H*0. 

1®- Melted potassium immersed in the vapour of chloraniline, forms chloride and 
®.^anide of potassium, with vivid incandescence and separation of a large quantity of 
larcoal. On the other hand, potassium-amalgam, with water, reduces chloraniline to 
Ann. Ch. Pharm. Ixvii. 76.) 

^loraniline is not so strong a base as aniline ; it does not precipitate sulphate of 
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aluminium or ferrous, ferric, or zinc salts ; it expels ammonia from ammoniacal salf 
when heated with them, but is itself precipitated by ammonia from its hydrochlori 
acid solution, and neutralises acids but imperfectly. Its salts mostly crystallise peadil ^ 
and, in consequence of thoir sparing solubility, are generally precipitated on mixinc ^ 
acid witli alcoholic chloraniline, in the form of a crystalline pulp, which may be punfied 
hy recrystallisation from boiling water or alcohol. They are mostly colourless or 
yellowish in mass, and violet when they contaia excess of acid ; they redden litmus 
even when completely saturated with the base. Like the aniline-salts, they impart a 
deep yellow colour to flrwood and elder-pith, but with chloride of lime they assume 
only a very faint violet tint, changing afterwards to orange-yellow. They are imme- 
diately decomposed by alkalis ; also by alkaline carbonates, with evolution of carbonic 
acid, inasmuch as that acid does not combine with chloraniline. 


Hydrochlorate of Chloraniline^ C^H^CIN.HCI. — Hydrochloric acid saturated at a 
boiling heat with chloraniline, yields on cooling large crystals, which may be still 
further developed by slow evaporation of their aqueous solution over oil of vitriol 
They have the same form as hydrochlorate of bromaniline. They arc permanent 
in the air, become opaque when warmed, and sublime undecomposed when cautiously 
raised to a higher temperature, whereas sudden heating decomposes them, with 
formation of a violet vapour. Tlio chloroplatinate of a-chloraniline, 2C®II*C1N.H*CI* 
Pt‘’'Cl'‘, separates on mixing a cold solution of the hydrochlorate with platinic chloride, 
as a beautiful orange- coloured precipitate, and a hot mixture of the two salts solidifies 
on cooling to a pulp of crystalline laminae; the salt, when exposed to light, becomes 
covered with a violet film. (Hofmann.) 

Chloroplatinate of ^-chloraniline forms yellow crystals differing considerably in form 
and solubility from those of the o-salt. (Grriess.) 

The aqueous solution of chloraniline forms a red-brown precipitate with tricUoride 
of gold and an orange-coloured precipitate with chloride of palladium.. The cold 
aqueous solution of chloraniline immediately forma a white precipitate with mercuric, 
chloride ; the hot mixture solidifies after a while into a magma of noedle-shaptd 
crystals. A mixture of the aqueous solutions of chloraniline and &tannom chloride 
quickly solidifies to a silver-shining crystalline mass. 

Nitrate of Chloraniline . — The solution of chloraniline in warm dilute nitric acid 
becomes filled, as it cools, with large crystalline laminae, mostly of a reddish colour. 
These crystals, which cannot be sublimed without decomposition, melt when heated in 
a tube, into a dark-coloured mass, which dissolves with splendid violet colour in alcohol, 
while part, of the salt crystallises out undecomposed. The salt dissolves pretty readily 
in water and alcohol 

(C^O*)" ) 

Oxalate {acid) of ChloranUine, - C«H^C1N| O*.H»O.-Th0 

solution of chloraniline in the warm aqueous acid yields, on cooling, crystals, which, 
when recrystallised from boiling water, form prisms made up of smaller ones joined 
together. They have a sweetish burning taste, and dissolve sparingly in water and 
alcohol ; the aqueous solution becomes coloured on exposure to the air and deposits a 
red powder. It does not appear possible to obtain a neutral oxalate of chloraniline m 
the crystalline state. 

Phosphate of Chloraniline . — Alcoholic chloraniline solidifies with aqueous phosphonc 
acid into a magma of crystalline laminae, which dissolve pretty readily in water and 
alcohol. 

Sulphate of Chloraniline, (C«H«C1N)* H*SO< = (C®H’ClN)2S04.--Tho white crystal- 
line magma, into which alcoholic chloraniline solidifies when mixed with a small 
quantity of acid, yields, when dissolved in boiling water, confused violet-white lamina*, 
and when dissolved in boiling alcohol, silvery needles arranged in stellate groups. 
The crystals when heated give off a small quantity of chloraniline, then blacken, and 
evolve sulphurous acid. They are less soluble in ^cohol than in water. 

Aqueous sulphate of copper, which is not precipitated by aqueous chloraniline, soon 
becomes decolorised by boiling with crystalline chloraniline, and deposits a bronze- 
coloured crystalline mass, which is insoluble in water, and dissolves but sparingly 
boiling alcohol, whence it crystallises in spangles on cooling; probably a double 
sulphate of chloraniline and copper. 

JMoUoraiimne, 0>H*C1*N = (Hofmann, Ann. Ch. Phaon. !“'■ 

33 and 67. — Griess, ibid, cxxj.267.) — Hofmann, bydistiiling dichloriaa^ still w®' 
taining monochlorisatin with potash, obtained long prisms consisting of ^ichloronwi 
mixed with a small quantity of the monochlorinated base. Dichloraniline is h® 
ever more easily prepared by passing chlorine into phenylacctamide till the mass becom 
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jatlier soft, and distilling the resulting dichloix>pheziyl-acetamide with potash. It may 
lio purified in the same manner as dibromaniline (Griess). It crystallises in white 
iipedles nearly insoluble in water, easily soluble in alcohol and ether. The platinwn^ 
salt, 2 C‘‘H*Cl*N.H‘‘‘CRPt'^Cl*, forms yellow needles easily decomposed by hot water. 
(Griess-) 

Triobloropbenylamlne or TrlQliloranUliie. (Erdmann, J. pr. Chem. xix. 
331 , xxr. 472.— Hofmann, Ann. Ch.'Pharm. liii. 35.)— This compound (tlie 
datinit of Erdmanii, who, however, overlooked the nitrogen contained in it), dis- 
tils over, together with trichlorophonic acid, in the preparation of the latter by the 
action of chlorine^ on indigo (p. 393) fErdmann). It is also produced, together 
with trichlorophonic acid, by the action of chlorine on aniline or monochloraniline ; and 
vhenthis mixture is distilled with potash-ley into a well-cooled receiver, the triclilor- 
aniline passes over in needles floating on the water, and as an oil which solidifies in 
the crystalline form. (Hofmann.) 

It crystallises in delicate, white, very fragile needles and laminae, easily melting into 
a colourless oil which crystallises on cooling; it is volat^e and neutral, and has a 
peculiar odour. (Erdmann, Hofmann.) 

It dissolves sparingly in cold, more freely in boiling wafer ; readily in a/ooAo? and 
cthr ; does not combine either with acids or with alkalis. 

With nitric acid it evolves nitrous fumes and forms a yellow solution which turns 
red when mixed with potash (Erdmann). — The vapour passed over heated soda- 
lime, yields a large quantity of ammonia, and when passed over melted potassium, it 
yields a large quantity of cyanide of potassium (Hofmann). — It is not decomposed 
by distillation with potash-ley. (E r d m a n n, H o f m a n n.) 

Chlorodibromanlllne, C«H<CIBr*N » C*H^ClBr^ | (H o f m a n n, Ann. Ch. 

Pharm. liii. 38.) 

Vrcparation.’^l. Crystalline chloranihne treated with anhydrous bromine becomes 
very liot and gives off a largo quantity of hydrobromic acid, assumes a violet colour, 
and is converted, after it no longer absorbs bromine even when melted, into chlorodi- 
broinuniline, which solidifies on cooling, and must be washed with cold water and re- 
’lystallised from alcohol. — 2. When the whitish precipitate which bromine-water 
furiiis in an aqueous solution of a salt of chloraniline, is dissolved in hot alcohol, a pale 
ridlet solution is obtained which yields needle-shaped crystals. 

White prisms, often with a tinge of red. They molt in hot water, 
forming a brown oil, which volatilises with tho vapour of boiling water and sublimes 
in shining needles. Insoluble in water, soluble in alcohol and ether ; decomposed by 
strong nitric acid. 

It docs not exhibit tho characters of a salifiable base ; it dissolves indeed, with violet 
colour, in oil of vitriol, but is precipitated therefrom by water ; dissolves also in hot 
strong hydrochloric acid, but the greater part of it separates on cooling, and the rest on 
iddition of water. 

It dissolves without alteration in warm ammonia and potash ; does not form com- 
pounds with chloride of mercury or tetracliloride of platinum. 

Azocbloroptienylamlne or DiazocUorohenzene, C*H®C1N* = ^ |n. 

(Iriess, Phil. Trans. 1864 [3] 705.) — The nitrate of this base, prepared like that of 
twhromophenylamine (p. 437), crystallises in small white plates which, when boiled 
Mh water, yield chlorophenol. 

perbromide, C®H'‘ClN*Br*, forms yellow prisms which are decomposed by boiling 
ilcohol, yielding bromochlorobenzene, isomeric or identical with that obtained from 
ho chloroplatiiiate of azobromophenylamine (p. 436). Wlien decomposed by am- 
yields azochlorophenylene-diamineor diazochlorobenzoylimide, 

^^ochloroplatinate, 2(C®H®ClN*.HCl.)Pt*^CP, forms fine yellow needles which, when 
‘f'iitcd with carbonate of sodium, yield dichlorobenzene. 

Azochlorophenylamino precipitated by acetic acid from its compound with hydrate of 
'otassiuin, is a lemon-yellow explosive powder, 

.^^^^^oroplienylBxaine or Diazodichlorobenzene, C*H*Cl*N‘. (Griess, 
^‘•)---The nitrate forms white plates. The perbromide, C®H*CPN*.Br*, crystaHises 
rillia r I chloroplatinate, 2(C®H*Cl*N*JICl).Pt‘''CP, in small, yellow, veiy 

4. Cyanophenylamines. 

^TWllde or Cjantllne, C’H*N* s= (Cahours and Cloez, 
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Corapt. rend, xxxviii. 38, 355.y^When pure and very diy gaseoiw chloride of cv-n 
ogen is passed into a solution of aniline in anhydrous ether cOoled with ice, a crvit^ 
line deposit is formed, consisting of hydrochlorate of aniline, which conti/uall 
increases ; and the filtrate evaporated over the water-bath, leaves cyanilide in \\J 
form of a viscid mass which solidifies as it cools. It i^j a reddish sulistancu rosembline 
colophony in friability, couchoidal fracture and translueence. It is completely (k? 
composed by heat, yielding various products.^ Its alcoholic solution tnixed with hydro^ 
chlorate of aniline and evaporated for some time over the water-bath, yields crystallised 
hydrochJorato of melaniline : 

C«H»N + C’H®N» « 

Melaniline. 

Cyanilide is insoluble in water, but dissolvers readily in alcohol and ether. Water 
added to the alcoholic or ethereal solution, immediately separates a viscous substance 
which gradually becomes crystalline. 

ComjMund of Cyanilide with Chloride of Cyanogen : Chlobocyantlidk, C*^H'*N*Cl 
= 2C’H‘‘N*.CNCl. (Laurent, Ann. Ch. Pbys. [3] xxii. 97.) When solid chloride 
of cyanogen in the state of powder is gradually introduced into a flask containing nni- 
line dissolved in lukewarm water and the requisite quantity of alcohol, chlorocyanilida 
falls down as a white powder, wliich must be washed with water and alcohol succes- 
sively, after the liquid which contains the hydrochlorate of aniline has been decanted : 

4C«irN -I- C»N«C1* =. C>^H'WC1 + 2(C«H»N.HC1). 

Its formation is similar therefore to that of chlorocyanamide, 2CH^N’*.CNC1, by the 
action of ammonia on solid chloride of cyanogen. 

Chlorocyimilide crystallises from alcohol on cooling in white, highly lustrous, some- 
what elongated laminaj, and after fusion in radiating needles. Not volatile without 
decomposition. 

When heated somewhat above its melting point, it gives off 11 ‘8 per cent, of hydro- 
cliloric acid, becoming less fluid, and ultimately leaves a greenish, transparent, vesi- 
cular residue, containing It dissolves slowly in boiling foiash, and on neutral- 

ising ffte cooled solution with nitric acid, a white floeculent precipitate is obtained, 
which is insoluble in ammonia, but dissolves in hot weak nitric acid, separates in the 
form of a jolly on cooling, and contains 62’6 per cent, carbon, and 4*0 hydrogen 
(Laurent). Laurent regards this sub.stance as phenyl-ammcline, C'*N*H'*0 == 
(which however requires 2 per cent, more carbon), and represents its 
formula by the equation : 

+ KIIO = -f KCl. 

The subject requires further investigation. 

Cyananlline, C’lPN* or rather « C»*H><N».Cy» (Hofmann, Chem. 

Soc. Qu. J. i. 100; ii. 300; Ann. Ch. Tharm. Ixvi. 129; Ixxiii. 180.)— This substancf, 
though not a substitution-product of aniline, but a compound of aniline and cyanogen 
formed by direct union, without elimination of hydrogen, may be conveniently de- 
scribed in this place. ^ ^ ^ n 

To prfjpare it, cyanogen gas is passed through a solution of aniline in a six-fold 
quantity of alcohol, till the liquid smells strongly of it, but not longer ; and the n’- 
eulting crystals are freed from the mother-liquor, which colours them reddish-yellow, 
either by repeated wasliing with cold alcohol, or by washing them twice with thiit 
liquid, and subsequently dissolving tb€?m in dilute sulphuric acid, filtering from a rod 
crystalline powder, precipitating the pale yellow filtrate by ammonia, and crystallising 
the pale yellow pulverulent precipitate once, twice or three times from a large quantity 
of boiling alcohol, till colourless laminse are obtained. ^ . 

Cyananiline crystallises in colourless, silvery, iridescent laminae, which do not vola- 
tilise without decomposition, even in company with vapour of water ; they melt 
tween 210° and 220°, and solidity in the crystalline form on cooling; they are heavier 
than water ; inodorous, tasteless and neutral. The acid solutions of this base do no 
colour firwood yellow ; neither do they turn blue in contact with chloride of bme, J 
give the precipitates of aniline with chromic acid. It is insoluble in water, 
slightly soluble in sulphide of carbon, wood-spirit, alcohol, ether, benzene anae/.i 
whether fixed or volatile. 

Decompositions. — 1. Cyananiline at a temperature a little above its melting point, turns 
brown, chars, and gives off aniline together with hydro^anate of ammonia.— 2. 
mine becomes strongly heated in contact with cyananiline, and perhaps forms w 
bromocyananiline, which however is ultimately converted into tribromaniline. A 
violet solution of cyananiline in oil of vitriol gives off, when slightly heated, a mi* 
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of carbonic anhydride imd cpbonic oxide, which ktter is more and more replaced by 
sulphurous acid jw the heat increases ; and the liquid on cooling solidifies ^ ^ 

lifie mass consisting of sulphate of ammonium and phenyl-sulphamic acid : 
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solidifies in a ciystal- 

pueuyi-suipna 

+ 3H»SO< + H’O - 2j^ + {NH‘)=SO< + CO + CO» 

4 , The solution in dilute hydrochlmc (or dilate sulphuric) acid soon assumes a deep 

yellow /irireT^ S'™® of Pbenylic 

cyanate, C H CNO (11 196) and loaves a white ciystaUine mass, from which Ll- 
amraoniac and hydrochlorate of aniline aro extracted by cold water, and afterwards 
oiamidc and phenyl-oxamide by boiling water, whilst diphenyl-oxamide is left nu- 
dissolved in quantity equal to that of tlie oxamide and Uie phenyl-oxamide In this 
case, two decompositions appear to take place simultaneously • . xu uii» 


(1) + 2H»0 + 2HC1 = 2NH<C1 


(2) + 2H*0 + 2HC1 


(C^O’) 

H* 

Oxamide. 


N* 


(CW)*) 

(C«iP)nN*. 

) 

Diphenyl oxum idc. 

+ 2C»n»NCI. 

Hydrochlorato 
of aniline 


1/1 Aiiiiiiie 

Althemomentof fomation (but not afterwards) the oxamide and diphonvl-oxamida 
are partly converted into phonyloiamido : ^ " 

C=IPN»0» + C^H'^NW = 2C»H>NW. 

Cold dilute acids graduallv eliminate aniline and give off the odour of phenylie oyanate. 
-a Cyananilino IS not altered by boiling aqueous or alcoholic potash, hut hy potofaie 
hydrate in the state of fusion, it is converted into ammonia, aniline, hydrogen gas and 
carboiiatfj of potassium : » b 6 » 

+ 4KHO + 2IPO « 2NH* + 2C«H'N + IP + 2K*CO». 

Saits or CyANANiniNE.— Those salts are formed by direct combination of the acid 
ami base, and must be brought to tho solid slate as quickly as possible, before they 
dcconifioso. They are not pi^diicod by passing cyanogen gas through alcoholic solu- 
tions of tini line-salts. According to the formula they must be regarded aa 

auicid salla. ° 

Hydrohromate, Cl'‘H*^N^2HBr. — Cyananiline is dissolved in boiling dilute hydro- 
bromic acid, and the filtrate immediately mixed with an equal quantity of concentrated 
lydrobromic acid, which separates crystals, to bo washed, first with concentrated 
uydrobromic acid, then with ether. The salt is very much like the following, 

f orate, ^ C'^H»N^2HC1.-The yeUow solution of cyananilino in boiling 
t ■ u e hydrochloric acid, is filtered hot and immediately mixed with an equal quantity 
0 mining iiydrochloric acid, which decolorises it, and soon causes the separation of 
a liirgo quantity of colourless crystals, which must be washed with hydrochloric acid 
nna tlion with ether. These crystals have a very sweet taste, and aro permanent when 
Jjv, but decompose in the moist state, becoming at the same time insoluble in water. 

uy aqueous solution yields by evaporation, the same products of decomposition 
as iie direct solution of cyananilino in dilute hydrochloric acid {md, sujj.). Aniline 
tic of the crystals, precipitates tho cyananiline as the weaker 

_ e, and acids throw down the crystals in their original state. The crystals dissolve 
groat facility in water and in alcohol. The chloro-auratr, C'^H‘«N«.2(IICl.AuCP), 
s an orange- coloured precipitate obtiuned by adding aui-ic chloride to a solution of 
yinanilino m alcohol or hydrochloric acid. The c?iloroplatinaie, C''*IP^N'.2HCl.Pt*^Cl*, 

^ precipitated on mixing a moderately concentrated solution of cyananiline in hydro- 
8-^ tho boiling heat, with a concentrated solution of platinic 
vrlii 1 liquid to cool. It forms beautiful orange -coloured needles 

thf>^ r*? soluble in water and alcohol, but cannot be recrystallised from those liquids, 
amrnonium^* yielding nothing but chloroplatinate of aniline and chloroplatinate of 

Q/’dWrtweVmg resembles the hydrochlorato and hydrobromate, but 
omp()ses quickly on exposure to the air, with separation of iodine. 

2HNO* — Cyananiline dissolves easily in boiling dilute nitric acid, 
<Tvfit ir on cooling deposits tho nitrate in white needles which may be re- 

alofb 1 ^ j boiling water. It is but slightly soluble in cold water, still less in 
Th^^ ®tber. It forms a crystallisable double salt with nitrate of silver. 

® and sulphate aro very soluble, and their solutions decompose during 
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6. lodophenylaminet, 

Mona>4oaopheB)rlaiBlae orlodanUlne, C*H1N= (Hofmaaa 

Ann. Ch. Pharm. Ixvii. 64.)— To prepare this compound, IJ pt. of iodine is gradual/ 
dissolved in 1 pt. of aniline ; the solution is mixed with hydrochloric acid of spe 
gravity 1*11 (a stronger acid would separate hydroclilorate of aniline); the solution f 
hydrochlorate of aniline, hydriodic acid, &c., is separated' by filtration from the n 
cipitated and still strongly coloured hydrochlorate of iodaniline, which is sparing 
soluble in water ; the precipitate is washed several times with hydrochloric acid and 
crystallised several times from boiling water, at last after boiling with animal charcoal 
till the c^stald; which are at first ruby-coloured and contain free iodine, together 
a brown induretted decomposition-product of aniliuc, are completely decolorised; and 
the iodaniline is precipitated from their aqueous solution by ammonia, as a white cr\s- 
talline powder, which — in order to free it from any of the yellowish decomposition- 
product and phosphate of calcium from the animal charcoal, that may still adhere to it 
— is dissolved in alcohol, filtered from the yellowish product, and precipitated by water 
in the form of a white crystalline mass. The liquid filttjred therefrom yields by 
evaporation yellowisli oily drops which crystallise bn cooling. 

Properties. — ^White crystalline powder, which c^stallises from solution in prisms 
and needles, never in octahedrons ; the mass solidified from cooling also never ex- 
hibits the cleavage-faces of the octahedron. It is heavier than water. Melts at 60® 
forming a yellowish oil, and at the moment of solidification, shows a temperature of 
61®, but sometimes remains liquid even at the ordinary temporature, in which case 
contact with a glass rod often causes it to solidify suddenly in a crystalline mass. 
When evaporated at a rather strong heat, it volatilises undccomposed, and ea.sily 
distils over even with vapour of water. It has a vinous odour and a burning aromatic 
taste; no action on vegetable colours. Like aniline, it imparts a deep yellow colour 
to firwood.and elder-pith ; but cliloride of lime colours it, not violet but reddish. Tbo 
vapour bums with a bright sooty flame. 

Iodaniline dissolves very sparingly in cold water^ and crystallises from boiling water 
in interlaced hairs. It dissolves in sulphide of carbon^ also in alcohol, ether, wood- 
spirit, acetone, and oils both fixed and volatile. 

Decompositions. — 1. In contact with the air, iodaniline becomes quickly covered 
with a brown, metallically lustrous film, and gradually assumes a black colour extend- 
ing throughout the whole mas.s. — ‘i. Chlorine decomposes iodaniline into trichlor- 
aniline, trichlorophenic acid (as with aniline, p. 424), and chloride of iodine. — 3. With 
bromine, alcoholic iodaniline solidifies in the form of crystalline tribroinaniline, while 
all the iodine is set free as bromide of iodine. —4. Chlorate of potassium with hjidro- 
chloric acid fiirms, as with aniline, trichlorophenic acid and perchloroquinone. — 5. With 
strong boiling nitric acid, iodaniline forms, with brisk action and evolution of iodine- 
vapour, a solution from which picric acid crystallises on cooling. — 6. Crystallised 
chromic acid decomposes iodaniline' with violence, but does not set it on fire.— 

7. Gently heated potassium, decomposes iodaniline with violence, forming iodide and 
cyanide of potassium. — Potassium-amalgam introduced into aqueous nitrate of iodan- 
iline, immediately forms iodide of potassium, and reproduces a small quantity of 
aniline, whilst the greater portion is converted into a yellow crystalline substance 
having an aromatic odour. Zinc immersed in iodaniline supersaturated with sulphuric 
acid, eliminates iodine and aniline, so that after a few minutes the liquid forms a blue 
colour with starch, and after saturation with potash, gives up aniline to ether.— 

8. When chloride of cyanogen is passed through iodaniline dissolved in ether, hydro- 
chlorate of iodaniline is first precipitated but afterwards disappears, and the iodaniline 
is converted into a transparent, slowly crystallising resin, which is a mixture of 
hydrochlorate of di-iodomelaniline and lodophenyl-carbamide. Formation of hydro- 
emorate of di-iodomelaniline : 

2C«H®NI + CNCl « C'»H»I*N«.HC1. 

Formation of iodophonylcarbamide and hydrochlorate of iodaniline ; 

2C»H«NI ■». CNCl .»• H*0 « (COy'(C*H^I)HW + C«H»IN.HCL 

Salts op Iodanilinb. — These salts crystallise with the same facility as the anilm® 
salts, but are less soluble. J^aniline is a weaker Jbase than aniline, and is separated 
by the latter from the solutions of its salts. It precipitates the salts of aluminiuin, 
but does not decompose ferric or zinc salts. With sulphate of copper it forms a 
precipitate. 

Uydrohromcic of Iodaniline exactly resembles the hydrochlorate. 

The hydrocKtorate^ C®H®IN.HC1, is sparingly soluble in cold water, and its aqneous 
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(ohition is almost entirely precipitated by hydrochloric acid. It crystallises from 
filing water in large thin laminae or needles soluble in alcohol, insoluble in ether, 
rhe chloroaurate is an unstAblo scarlet precipitate formed on mixing the solutions of 
mric chloride and hydrochlorate of lodaniline. The chloroplatinate, 2C«H®IN.H'^Cl*. 
Pt^i^Cl*, is ftn orange-coloured crystalline precipitate. 

Uydriodate of lodaniline forms a radiate mass much more soluble than the hydro- 
broinVe and hydrochlorate, and easily decomposible. 

The nilrate crystallises from water in beautiful capillaiy needles of great length. It 
is more soluble than the preceding salts, especially in boiling water ; very soluble also 
in alcohol and ether. Its solution is not precipitated by nitrato of silver. 

The oxdatej 2C®H*IN.C*H*0* = (C*0*)''(C‘*I1®IN)*()* erystallises in long flattened 
needles, sparingly soluble in water and in alcohol, insoluble in other. 

sulphate^ 2C®H®IN.SH*0^ =! (C®HnN)*SO^, crystallises in shining scales. The 
iqiieous solution appears to be decomposed by boiling; at all events, on attempting to 
M>LTystallise it after boiling, a |)ortion of the salt always remains insoluble. 

j^ao-lodopbenylamliie. C®H®liT* ** ^ | N. Diazo-iodohenzene, (Griess, 

Phil. Trans. 1864 [3] 706.) — This bass and its salts are obtained by processes excictly 
similar to tho.se employed for the prej^ation of tho corresponding bromine-com- 
pounds (p. 436). Azoiodoplienylamine in the free state is a yellow explosive pre- 
cipitate. The nitrate-t C®IPIN*.NHO*, crystallises in white prisms or needles, very 
silijl/le in water. — The sulphate^ C®IPIN'‘'.SH®0*, in small plates ea.sily soluble in 
water, sp.iringly soluble in alcohol. — The chloroplatinati\ (C®H"IN“.IICl),Pt‘’'Cl\ in 
liriudii yellow clusters of needles. — The perbrornide of azo-iodophmylammoniumy 
C'ii'IN-.Br*, forms small yellow plates. With boiling alcohol it yields bromo-iodo- 
beiizene, C®H^BrI ; and with aqueous ammonia it forms aao-iodophenyleno- 

dianiine, (C^P”|nf*, or diazo-iodobenzolimide, 


6. Nitrophenylamines, 

Mononltroplienylamlne or XTltranlllne. C®H®(NO*)N — 

(Hofmann and Muipratt, Ann. Ch. Pharm. Ivii. 204. — E. Arppe, ibid, xo. 147 ; 
xriii. 157). — Of this base there are two isomeric modifications, the one called nlpha- 
iiitriinilino.(or by'Arppe, paranitraniline^ obtsiined by reducing dinit robenzeno with 
siilphydric acid (Hofmann and Muspratt); the other called beta-nitranilin e * 
(jutraniline of Arppe), produced by the decompo.sition of nitro-phenyl-paratartrimide 
(Arppe), or of nitrophenyl-acetamide or iiitroplienyl-succinamide under the influence 
of alkalis (Hofmann, Proc. Eoy, Soc. x. 689; xii. 639): 

C«H®(NO*)* + 3H*S = C®H®(NO*)N + 2H»0 + S». 

Dinitrobenzene. NitraniUne. 


(CHP02)" J 


N + H^O 


H.C®H\NO*) 

(C*H«0*)" 

H 


1 


N itrophenyl-pyro- 
Cartrimide. 


Nitrophenyl-pvro- 
Cartromic acid. 


""(Srj? + H.0 - , (CW)'Jo.. 

Kltrophenyl'pyro- NltraniUne. Fyrotartaric 

tartrarnic acid. add. 


Nitrophenyl-acetamide. NitraniUne. Acetic acid, 

tt-nitraniline was the first instance discovered of a basic substance containing the 
f^lenients of nitric peroxide. 

Preparation. — 1. Of a-nitraniline , — The aqueous solution of dinitrobenzene is 
saturated with ammoniacal gas ; sulphuretted hydrogen is passed through the blood-red 
solution, till the liquid is saturated with it and only a dight de^sition of sulphur 
place ; and the solution is then mixed with hydrochloric acid and evaporated, 
whereupon an additional quantity of sulphiur separates, together with undecomposed 


•The meartinff here aiiignud to the temii •- and ^-nltranlllne U the same as that orWnaljy given by 
^nnann, and adopted in most works on Chemistrv (Gmelln’s Handbooks Gerhardt s Trattk de C^nte 
the Hai^wbnerbuch der Ckemie, Ac.). (G rl e s s, on the contrary in a recent memoir (Phil. 
bi [3] 708) designates the base obtained from the nitrated phenyUmides as and that obtained 
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dinitrobenzeiie. The filtrate is then mixed with potash, which precipitates a brown 
adhesive resin ; this resin is freed from potash by 'washing with cold water, andth 
dissolved in boiling water ; the orange-yellow solution is filtered to separate a fimril 
quantity of iin dissolved brown resin ; and the needles of a-nitraniline which separat 
on cooling, are purified by recrystallisation from hot water (Hofmann and Mu ^ 
pratt). Arppe further purifies the crystals with animal charcoal. 

2. Of ^-niiraniHnc. — Nitro-phenyl-pyrotartrimide is dissolved in a boiling dilute 
solut ion of sodie carbonate mi^xed with a little caustic soda, whereby it is converted bv 
taking up 1 at. water, into nitrophonyl-pyrotartramic acid, and the solution is boiled 
till it no longer gives a precipitate of that acid on addition of nitric acid. The nitro- 
phenyl-pyrotartramic acid is then resolved into jS-nitranilino and pyrotartaric acid 
The yellow solution yields on cooling an abundant crop of yellow rhombic tables whieli 
must be collected on a filter, washed with cold water, and purified by recrystalhsation. 
(Arppe.) 

An easier mode of preparation is to dissolve phenylacetamide or phenylsuccinamide 
in cold fuming nitric acid, dilute the solution with water, which throws down nitro- 
phenyl-acetamide or nitrophenyl-succinamide, and distil this precipitate with caustic 
potash. (Hofmann.) 

Properties, — Alpha-nitraniline forms needles of a fine yellow colour and an inch long; 
heavier than water. They melt at about 110° (at 108°, according to Arppe), forming 
an oil of a deep yellow colour, which boils at 28t5°, passes over in yellow vapours, and 
solidifies in the receiver, forming a laminated mass; at 100° the crystals sublime in 
beautiful laminae, without previous fusion (Hofmann and M u s pr a 1 1). Tlie sublimed 
crystals are rhombic tables of 51° and 129°, having one of the acute angles citlior 
perpendicularly ti-uncated, or bevelled with two faces, while the two obtuse angles arc 
sometimes obliquely truncated, sometimes unaltered ; macles aj*e often formed with 
deep re-entering angles. Similar modifications are exhibited by the crystals obtained 
frem solution in water or alcohol (Arppe). The crystals are inodorous at ordinary 
temperatures, but when slightly warmed, they emit an aromatic odour having a distant 
resemblance to tliat of aniline ; they have a burning sweet taste, are perfectly neutral, 
and colour firwood (as well as the cuticle) deep yellow, like aniline, but do not produce 
any blue colour with chloride of lime. (Hofmann and Muspratt.) 

/8-nitraniline crystallises from the aqueous solution by slow cooling in long needlp.H; 
but by more rapid cooling, in small tabular or needle-shaped crystals with angles of 
69° and 111°, having the smaller angle truncated in such a manner as to produc(» a 
six-sided table with angles of 111° and 138°. From an alcoholic solution, the rhombic 
tables separate unaltered together with the six-sided tables ; an ethereal solution yields 
sometimes tables, sometimes capillary needles; from an aqueous solution containing 
carbonate of sodium, rhombic tables of 56° and 126° are obtained; by sublimation, 
sometimes needles, sometimes irregular laminae. The crystals melt at 141°, volatilise 
at about the same temperature, and sublime veiy beautifully when heated between two 
watidi-glasses. At 100°, the sublimation is scarcely perceptible. The crystals have 
also scarcely any taste. (Arppe.) 

Alpha-nitraniline di.ssolvos in 600 pts. of water at 18'5°, and much more readily in 
boiling water (Arppe). ;3-nitraniUne dissolves in 1260 pts. of water at 12’5°, and in 
46 pts. of boiling water. Both modifications dissolve ea.sily in alcohol and in ethxr. 


Decompositions. — 1. The vapour of nitraniline burns with a bright sooty flame.— 
2. Alpha-nitraniline distils almost without residue ; but /B-nitraniline loaves a con- 
siderable quantity of carbonaceous matter, when distilled. — 3. Bromine converts 
nitraniline, with great rise of temperature and evolution of hydrobromic acid, into 
a brown resin whose solution in hot alcohol deposits yellow crystahs, insoluble in 
acids, and alkalis, and probably consisting of dibromonitraniline, C*H^Bi^(N0^)N 
(Hofmann and M u s p r a 1 1). — 4. JSitric acidy even when highly concentrate<i, 
dissolves jS-nitraniline without visible decomposition (Arppe) ; but o-nitranilino w 
violently acted upon by nitric acid, and converted, after a while, into an acid which 
appears to be picric acid (Hofmann and Muspratt). — Gaseous chloride of cy(^^' 
gen passed through melted nitraniline (a), converts part of it into dinitromelanilinP? 
while the greater portion is transformed into a resinous substance. Alcoholic nitwni' 
line is decomposed very slowly b^ chloride of cyanogen and aqueous aniline in a 
peculiar manner; but nitraniline dissolved in ether forms with chloride of cyanogen, 
nothing but hydrochlorate of aniline and yellowish needles of nitrophenyl-carbamiue' 

2C*H‘(N0*)N + CNOl + H*0 = C*H‘(N0*)N,HC1 + 

6. Neither o- nor /3-nitraniline is acted upon by the iodides or bromides of ethyl an^ 
methyL (Hofmann, Froc. Boy. Soc. xii. 639.) 
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Salts of Nttbanilinr. Nitraniline in either modification is a very weak base 
not prccipi^Atin^ any metellic stilt. From the solutions of its salts, some of which are 
ervstallisable ; it is precipitated in the ciystalline form by aniline, as well as by the 
caustic alkalis and alkaline carbonates. 

Ihfdrochlorates. HCl. — The colourless solution of a-nitraniline in hydro- 

chloric acid, yields by evaporation, nacreous crystals, extremely soluble in water and 
alcohol (Hofmann and Muspratt). Elongated rhombic tables with angles of 120® 
and CO®, which are permanent in the air and dissolve readily in hydrochloric acid- 
tliey are decomposed by water, which separates the grt-ater part of the base! 
(Arppe.). .... 

jS-uitraniline forms with hydrochloric acid, a yellow solution, or if the acid is in 
^eat excess, a colourless solution, which, on cooling, deposits rather large, colourless 
tabular crystals, which in their simplest form, are four-sided tables, with angles either 
(j) of 95® and 85®, or (A) of 65® and 1 15® ; hy the combination of those two himis the 
acute angles of a being truncated hy 5, six-sided tables arc formed ; and by tho trunca- 
tion of all the angles of «, eight- sided tables. The salt is easily decomposed, both by 
heat, which causes it to turn yellow and give otF acid, and by water, which separates, 
the base almost completely ; alkalis precipitate the nitraniline in the crystalline form 
but tho precipitate redissolves in excess of tlie alkali. (Arppe.) 

CUoroplatmateSy 2[C’'H*(NO‘‘')N.HCl].Pt*’^(Jl^. — ^The o-salt is precipitated byphitinic 
chloride from the alcoholic, but not from the aqueous solution of a-iutraliiu', ns a 
Yellow crystalline powder, which is extremely soluble in water and in alcohol, and must 
thorofore be washed with ether. The iS-salt is precipitated from tho concentrated so- 
lution of the hydrochlorate either in water or in alcohol ; it is, however, much more 
soluble in alcohol than in water. It crystallises in stellate groups of V(Ty slender 
nocilh'S. When washed with a mixture of alcohol and ether, it is convcTted into a 
yellow salt, apparently consisting of C«n«(NO*)N.HCl.Pt*'Cl*. (Arppe.) 

Mrate of cL-nitraniline. is crystalline, easily soluble in water, very sparingly soluble 
in strong nitric acid. The &~nitraU ciystalliscs in shining, long, riglit-anghid truncated 
prisms, and is decompKised by water. 

Alpha-nitraniline forms an acid oxalate, C‘‘H«(N0*)N.C'-H*0^ which is 
dopo, sited in yellow crystals on mixing the alcoholic solutions of the base and acid. 
OxLilatc of ^-nitraniline crystallises in slender needles and plates sparingly soluble in 
water. 


Sulphates . — Tho a-fuilt crystallises in shining rhombic prisms, which dissolve in 
water, forming a clear solution. The i8-salt crystallises from a solution of /3-nitraniliiio 
m dilute sulphuric acid, in largo shining plates which have an acid taste, and are 
decomposed by water. 

Tartrate of a-nitraniline forms a yellow solution from which the salt crystallises in 
yellow rectangular tables. Potash decomposes tho solution, s’eparating the base in the 
form of a yellow crystalline precipatato soluble in excess of tho alkali. Tartrate of 
&-iiitrandine crystallises in yellow needles; potash does not precipitate, but dissolves 
it, forming a red solution. (Arppe.) 

A solution of either modification of nitraniline, mixed with a recently prepared so- 
lution of (jall-nnts^ and afterwards with a small quantity of potash, yields a copious 
ooculent or almost gummy procijiitate, which is decomposed by excess of potash, a 
portion of the base being precipitated in the crystalline form. (Arppe.) 


Blnitranillne. C«H*N*0* 


C«mN02Y 




(Gottlieb, Ann. Ch, Pharm. 


XXXV. 17.) — Produced by the action of alkalis on dinitroydienyl-citraconimide. When 
IS compound is treated with a boiling dilute solution of carbonate of sodium, carbonic 
anhydride is evolved, and the light flocculent crystals of the amide are partly dissolved, 
|>nQ jpartly converted into a heavy yellow, crystalline powder, consisting of dinitrani- 
Ifd I action is complete, this substance separates out in more definite crystals, 

th • . Jiot continued long enough to ensure the comj>lete decomposition of 

eimide in the manner above-mentioned, the mother-liquor is found to contain dini- 
^^^^!^^^y^citraconamatG of sodium as well as citraconate. The dinitraniline is 
punhed by crystallising it several times from boiling water: 

H.C-H"(NO*)^ 

+ H*0 « 


C®fl:*(NO*)aj ^ 

Binltrophenyl- 

citracunimide* 


(C»H*0»)" [q 

H j 
Dlnilrophenyl-citra- 
conamic acid. 


H.C«H*(N0»)* 

H 

DinitrophenyUcitra- 

conamio anM 




mo 


Dinitraniline. Citraconlc acid. 
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Dinitraniline crystallises by spontaneoti^ evaporation of its solution in a mixti 
of alcohol and etlier, in greenish-yellow, rather brilliant tables, exliibiting a blu'7 
tint by reflected light on the lateral faces. Jt is inodorous ; boils at 185°, giving 
yellow vapours, which condense in the form of a yellow sublimate ; the melted porti^ 
solidiflj^s on cooling into a deep yellow crystalline mass. It dissolves sparingly in oold 
waUr^ easily in boiling water and in alcohol. When heated suddenly in a tube, it blackens 
and explodes. Sulphide of ammonium converts it into nitrophenylene-diamin 

3H«S - + 2H»0 + S.. 

Diattranilinc. Nitrophenyleiie- 

diamine. 

DinitranHine does not combine with acids. 

TrinitraniUne. Trinitrophenylamide^ Picramide, a- C*H^NO^)* | ^ 

(Pisani, Ann. Ch. Pliarm. xcii. 326.) — Obtained by the action of ammonia on 
chloride of trinitrophenyl or chloropicryl (p. 416). When crude chloropicryl is tritu- 
rated with excess of cold aqueous carbonate of ammonium, and the resulting mass is 
treated with boiling water, a residue is obtained, consisting of trinitraniline, which 
dissolves in boiling alcohol, and separates in crystalline plates, dark yellow by trans- 
mitted, violet by reflected light, and yielding a light yellow powder. It dissolves 
sparingly in ether. When heated it decomposes with detonation, giving off nitrous 
fumes and leaving a carbonaceous residue. Heated with aqueous potash, it gives oil 
ammonia and leaves picrate of potassium. 

AzonltroptaenylamlBe, C*H*N*0* « C*H*(NO*)N* =» |n. 

JDiazonitrobenzene. (G r i e s s, Phil. Trans. 1864, [3] , 708.) — By treating the nitrates of 
o- and i8-nitraniline * with nitrous acid, nitrates of azonitrophenylamine are obtiiineil, 
having the same composition but differing from one another in physical properties, ami 
yielding, when heated with bromine, platinic chloride, and other reagents, isomeric 
salts exhibiting corresponding diflferences of physical character. 

Nitrate of orazonitrophenylamine^ C®H’N®0‘‘*.NH0*, is precipitated by ether from its 
alcoholic solution in prisms frequently approaching to cubes, very soluble in water, 
sparingly soluble in alcohol, insoluble in ether, and exploding w’ith great violence when 
heated. The jS-salt has about the same degree of solubility, but crystalliscis in fine 
long needles. 

Both modifl cations of the nitrate when boiled with water, are decomposed, after Bomr 
time, with evolution of nitrogen-gas, yielding a brownish, easily fusible, slightly acid 
substance, which, judging from the manner in which the nitrates of azophenylamine 
azobromo-bromophenylamine, &;c., are decomposed (pp. 432, 437), should have tho com- 
position of nitrophenic acid, -according to the equation 

C®H*(NO*)N* -I- H®0 «= C®H»(N0*)0 + N*; 

Aionitrophenyl- Nitrophenic 

amine. acid. 

but it cannot be made to crystallise, and appears to differ altogether in its properties, 
both from nitrophenic and from isonitrophenic acid (p. 394). 

The chloroplatinateSj 2(C®H*N®0*.HCl)Pt*''Cl*, of botli modificatiotiqi, crystallises ii 
long yellow needles or prisms. 

Perbromide of a-azonitrophenylammoniumy C®H®(NO*)N®Br®, is precipitated bj 
bromine-water from the aqueous solution of the a-nitrate, usually as an oil which sooi 
solidifies. It forms small orange-coloured plates or prisms, which, unlike the /3-coin- 
pound, cannot be recrystallised from warm alcohol It is likewise obtained, togethci 
with tribromonitraniline, by the action of bromine on azodinitrodiphenyldiamine, llit 
latter being suspended in water, and bromine added till the whole is converted into a 
heavy brownish-red oil : 

C‘aH*(NO*)*N* + Br« « C®H®(NO*)N*Br» + C®H*Br*(NO*)K + 2HBr, 

Azodlnitro-diphenyl- Perbromide* TribromonitraDiline* 

diamine* 

On decanting the supernatant igneous mother-liquor, and allowing the excess ol 
bromine to evaporate, the oil solidifies to a crystalline mass. Before however com- 
plete solidification occurs, thick yellowish-red crystals frequently shoot out, consistinj 
of the nearly pure perbromide, which may be freed from adhering tribroroaniline bj 
pulverisation and washinc with ether. If no distinct crystals form after the bwmint 
has evaporated, the cryst^ine mass, consisting of the perbromide and tribromonitranihnei 
must be pressed between filter-paper and washed with ether, to dissolve out tli< 

* The prefixes « and fl are here used In the sense opposite to that assigned to them In Grie«i'< 
paper (see foot-note, p. 445). rr . 
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^bromonitraniline. This however is attended with loss, since the perbromide is 
partly converted by the ether into nitrobromobenzene. 

The/J-perbromide U precipitated by bromine-watcr from the aqueous jS-nitrate, in 
(lender orange prisms almost insoluble in water and in ether, but easih’ soluble 
in varm alcohol, whence the compound is deposited on cooling in weU-deBned 

crystals. 

On solutions of the a- and ^-perbromide, a- and /8-nitrobromo- 

benzenGf C®H*(NO^)±>r (p. 416), are obtained. 

The tt-perbromide treated with aqueous ammonia is converted into a-azo- 


nitrophenylene-diamino. [C‘(NO0N'^T| or diazonitrobenEolimide. 

[(^ ^ ^ I which crystallises in orange-coloured needles, melting at 62®* 

The jS-perbromide yields in like manner a compound having the same composition, 
but crystallising in very brilliant yellow rounded plates which melt at 71°. 


Tribromonitroplienylamine, or Tribromonltranillne, C®H’*Br*(NO^)N. 

Produced as above by tho action of bromine on azodinitrodiphenyldiamine. To obtain 
it pure, the ethereal solution is evaporated to dryness ; the residue is dissolved in 
wiirm alcohol ; the solution is mixed with water till it becomes milky and deposits 
crystals, and the crystals are thrown on a filter, pressed btitween sheets of filter-paper 
to remove any adhering nitrobromobenzene, and further purified by crystallisation 
from weak alcohol. It crystallises in small slightly yellowish plates which cannot be 
sublimed without decomposition. (Griess.) 


II. Dehtvatives op Aniline formed by replacement of Hydrogen not 

BELONGING TO THE PlIENYL -RADICLE. 

The extra-radical or typic hydrogen of aniline may be replaced wholly or partially, 
both by acid and by alcohol-radicles. In the former case, neutral or acid amides are 
produced, such as phenyl-acetamide,* (C«IP)(C2H»0)HN, phenyl-dibenzoylamide, 
(C®H‘j(C’H*0)2N, &c. Thc?se compounds are described with the. several acids, or in 
separate articles. In the latter case, basic aminos are formed, such as methyl-aniline, 
(C‘*ll')(CH»)HN, methyl-amylauiline, C‘‘H*)(OH»)(C*Il“)N, &c.: these will be de- 
scribed in the fidlowing pages. They are produced by the action of the bromides and 
iodides of the alcohol-riidicles on aniline: those in which the whole of tho hydrogen is 
replaced by alcohol-radicles are capable of imiting with the alcoholic iodides, forming 
compounds belonging to tho ammonium-typo (see Phenylammoniums). 

C«IP 

Allylanlline, or Allylopbenylaminep C^H"N =:: C^Il'^ 

Cb. Pharm. Suppl. iii. 364.) — A mixture of aniline and iodide of allyl becomes heated 
to 100° iu a few minutes, and forms a very soluble crystalline mass of hydriodate of 
allylaniliiie. The free base separated from this salt by potash is a yellow liquid of 
specific gravity; 0*982 at 25° ; having an odour of aniline and of geraniums, and a 
burning taste ; slightly soluble in water.- Its salts are crystalline, easily soluble, and 
are coloured violet by hypochlorite of calcium. The concentrated solution of the 
bydrochlorate gives with pJatinic chloride a dark yellow precipitate, which usually 
sepuratfis as a resin becoming crystalline after a while. It is slightly soluble in water 
«i>d in alcohol, and contains 2(C*’Xr'N.HC])Pt‘^CP (p. 469). 

rile free base treated wdth (E7ianthol yitdX^s hepty lidene-dially 1-diphenyl- 
a>ami n 0, (C’H>*)"(CHP)*(C»H»)*N*. 

c«Hn 

Amyiantllne, C»H>»N =. C^H^Vn. (Hofmann, Chem. Soc. Qu. J. iii. 297 ; 

H ) 

Ann. Cli. Pharm. Ixxiv. 153.) — To obtain this base, a mixture of aniline and bromide of 
•^yl 18 set aside at the ordinary temperature for several days ; the mother-liquor, con- 

^^ylacetamide (p. 418). This compound is easily produced by prolonged boiling (coho- 
SSi- ***‘bne with concentrated acetic acid (CBH^N.CWO*- H^O = C«H9NO). On subsequent 
Water passes over and solidifies in a white paraffin-like muss. It dissolves easily in 

in il-ii . ®ther, benzene, and volatile oils | crystallines on cooling from a hot aqueous solution 
fhar « ; ftom oil of lemons. In large needles. It melts at 101°, and boils at 295° 

4 .g,, : nun.). Specific gravity ss I -0^49 at 10*5°. Vapour-density, obs. as 4-807— 4-887; calc, as 

Win: decomposed by sodium, yielding aniline and a small quantity of another basic oil (Greville 

bams, Qhem. Soc. J. xvli. 106.) 

Voi.1V. G G 


In. (H. Sc biff. Add. 
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Bistiiig of amylaiiiliiie and bromide of amyl, is decanted from the resnlting ciystal 
hydrobromate of aniline ; and the bromide of amyl is distilled off: ^ 

2C«H^N + C»H"Br * C»H»N.HBr + 

Or a mixture containing a larger quantity of bromide of amyl is heated in the wat 
bath; the excess of bromide of amyl removed by distillation; and the remaini^^ 
hydrobromate of amylaniline decomposed by potash, whereby the amylaniline is separated 
in the form of an oil, which may bo purified by solution in ether, agitation with water 
and evaporation of the ether. ’ 

Amylaniline is a colourless oil, which boils steadily at 258°, has an agreeable odour 
like that of roses at ordinary temperatures, but an offensive odour of fusel-oil when 
heated. Heated with bromide of ethyl to 100°, it is converted into hydrobromate of 
ethylamylaniline, and with bromide of amyl into diamylanilinc. 

Its compounds with hydrobromic, hydrochloric and oxalic acids, form beautiful 
crystals, which have a fatty lustre, dissolve sparingly in water, and when heated with 
water, rise to the surlace in the form of an oil which solidifies on cooling. — The chloro- 
platinate is precipitated in the form of an unctuous mass, which crystallises only after 
a considerable time, and when a portion of it has suffered decomposition. 

Diamylaniline, C'^IP^N = (Hofmann, Ann. Ch. Pharm. Ixxiv.l56.) 

Amylaniline heated for two days in the water-bath with excess of bromide of amyl, 
yields crystals of hydrobromate of diamylariiline, from which the base may be separated 
as above. It is an oil boiling between 275° and 2S0°, and having the odour of amyl- 
aniline. 

Its salts are nearly insoluble in water, so that when the base is heated with diliilo 
hydrochloric or sulphuric acid, the resulting salt rises to the surface in the form of an 
oil, which on cooling solidifies in a crystalline mass having a fatty lustre. — The plati- 
num-salt, 2(C**H*^N.HCl)Pt‘^CP, is precipitated, on mixing the hydrochlorate with 
tetrachloride of platinum, in the form of a yellow oil which quickly solidifies to a 
brick-red ciystalline mass ; alcoholic solutions immediately yield crystals. 

C«H«) 

Cetylanillnei C**H**N « (Fridau, Aim. Ch. Pharm. Ixxxiii. 26,)— 

H 3 

Iodide of cetyl heated to 100° with excess of aniline yields crystalline hydriodate of 
aniline and free cetylamino, which may be separated from tlie crystals by means of 
water and ether, and purified by converting it into a hydroclilorate, decomposing this 
Balt by potash, and recrystallising the free base thus obtained from alcohol. 

Cetylaniliiie crystallises in silvery scales which melt at 42°, and solidify at 32° to a 
yellowish-white mass of crystalline rosettes. It is insoluble in water, easily soluble in 
alcohol and ether, does not precipitate metallic salts, and has no action on vegetable 
colours. 

The hydrochlorate crystallises in shining plates. — The chloroplatinate (2C*'H*®N. 
HCl).Pt‘^Cl^, is precipitated in reddish-yellow crystalline flocks on adding water to a 
mixture of hydrochlorate of cetylaniline and alcoholic platinic chloride. The nitrate 
crystallises in shining laminae, the alcoholic solution of whicli is partially decomposed 
by evaporation. Tlie oxalate forms colourless confusedly interlaced- needles. The 
sulphate is the most soluble of the salts of cetylaniline ; it may be completely separated 
from its alcoholic solution by water. 

C®H») 

Btliylanillne. C«H>‘N =. C^H^H. (Hofmann, Chem. Soc. Qu. J.iii. 286; 

H ) 

— Ann. Ch. Pharm. Ixxiv. 128.) — A mixture of aniline and excess of bromide of ethyl, 
gently heated in an apparatus which allows the condensed vapours to flow back again, 
passes into spontaneous ebullition, and afterwards on cooling yields crystals of hydro- 
bromate of ethylaniline : C*H^N + C*H*Br * C*H"N.HBr. The aqueous solution of 
the hydrobromate of ethylaniline is mixed with concentrated potash, and the brown oil 
which, rises to the surface is removed with the pipette, dried over hydrate of potassium, 
and rectified. 

Ethylaniline is a transparent, colotrless, strongly refracting oil of sp. gr. 0’964 at 
18° ; boils constantly at 204° ; smells like aniline; does not produce any blue colour 
with chloride of lime ; colours firwood and elder-pith yellow, but much less strongly 
than aniline. It is soluble in alcohol. 

Dmiympositions^ — 1, Ethylaniline quickly turns brown when exposed to the aii*» 
even under the mere influence of light. — 2. With bromine it forms a neutral (tribro- 
maniline ?) and a basic compouii;^. — 3. It takes Are in contact with drycAmm’c 
4, With phosgene gas it acts violently, forming a hydrochlorate and an indifferent oil.— 
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K With sulphide of carbon, it slowly ^^ves off sulphuretted hydrogen. — 6. Cyanogen 
aas passed through alcoholic ethylaniline, forms snort prisms probably consisting of 
craiiethylanilino, C®H"N®. This compound is separated in the pulverulent form, on 
adding ammonia to the solution of the crystals in dilute sulphuric acid : its solution in 
sulphuric acid, on being mixed with strong hydrochloric acid, deposits the hydrochlo- 
pite in beautiful crystals ; its platinum-salt is very soluble.— 7. Ethylaniline absorbs 
gaseous chloride of cyanogen rapidly and with rise of temperature, and then solidi- 
fies on cooling in the form of a resinous mixture containing a neutral oil and the hydro- 
chlorate of a volatile oily base.— -8. Ethylaniline heated for two days in the water- 
bath with iodide of yields crystals of hydriodate of mothyl-ethy 1-aniline 

(C*H‘)(CH*)(C*H*)N.HI. In like manner with bromide of ethyl bromide of amyl, 
if viclds the hydrobromates of diethylaniline (0*H*)(C*H*)*N, and ethyl-amyi-aniline 
(C«1P)(C*H^)(C^H")N. 

ConMnations.— ~T)iQ salts of ethylaniline dissolve very easily in water, less easily in 
alcohol from which also they crystallise better. The sulphate and hydrochlorate have 
not yet been obtained in the solid form. The C®II"N.HI5r, prepared 
as above, crystallises from the alcoholic solution by spontaneous evaporation in large 
tables. At a gentle heat it sublimes in needles without decomposition, but when 
quickly heated, it is resolved into aniline and bromide of ethyl. It dissolves very 
n\idily in water. 

Mtrcuric chloride and trichloride of gold added to hydrochlorate xf ethylaniline 
throw down yellow oils which quickly decompose. 

Chloroplatinate of Ethylaniline, 2(C*H*'N.HCl).Pt‘^Cl‘. — A saturated aqueous solu- 
tion of hydrochlorate of ethylaniline, added to a concentrated solution of platinic chloride, 
throws down an oil of a deep orange-yellow colour, which, after a few hours, solidifies 
in the crystalline form ; a somewhat more dilute mixture deposits after a few Jiours, 
splendid needles an inch long, which must be washed with a mixture of ether and a 
little alcohol. Tho crystals are permanent at 100°, and dissolve veiy readily in 
water and alcohol. 


Diethylaniline. (Hofmann, Ann. Ch. Pharm. Ixxiv. 

135.)— Tilt! hydrobromate of this base separates in crystals from a mixture of ethprl- 
aiiiline with a very large excess of bromide of ethyl, and when freed from adhering 
bnnnide of ethyl, and treated with potash, as in tho preparation of ethylaniline, yields 
diethylaniline, as a transparent, colourless oil of sp. gr. 0‘936 at 18°, boiling with per-* 
feet steadiness at 213*5°, and exhibiting with firwood and chloride of lime, tho same reac- 
tions a.s ethylaniline. It remains transparent and colourless when exposed to the air. 
With iodide of ethyl it yields iodide of triethyl-phenylammonium, (C®H*)*(C®H*)NI. 

Hydrobromate of Ditihijlaniline, prepared as above, forms large four- 

sided tables, which at a gentle heat melt and sublime in needles without decomposition ; 
but when quickly heated, are almost wholly resolved into an oily distillate consisting of 
ethylaniline and bromide of ethyl. 

Chloroplatinate of Diethylaniline, 2(C*°H*®N.HCl).Pt'^CP, is precipitated from some- 
what coneentrated solutions of hydrochlorate of diethylaniline and tetrachloride of 
jilatimira, in the form of a brownish-yellow oil which soon solidifies in a hard mass; 
but from more dilute solutions it is gradually deposited in yellow prisms which may 
be purified by crystallisation from alcohol. It is less soluble both in alcohol and in 
water than the phitinum-salt of ethylaniline. (Hofmann.) 

C«H^Br) 

Ethylbromanilinb. C®H“BrN = C*H* >N. Bromaniline treated with excess 

H ) 

of bromide of ethyl is quickly converted into hydrobromate of ethylbromaniline (p. 278) 
which, when treated with potash, yields ethylbromaniline exactly resembling ethyl- 
cMoranilino. Its platinum-salt is a viscid oil. (Hofmann, Ann. Ch. Pharm. Ixxiv. 


CWCl) 

ETHYLCHLonANiuNB. C«H*®C1N = VN.— A mixture of chloranilino and 

oxcesa of bromide of ethyl, kept for some days at 100°, and then freed from excess of 
bromide of ethyl by distillation with water, leaves a solution of hydrobromate of ethyl- 
c^tiioraniline, on which a few drops of the base float. This base is completely separated 
fy potash in the form of an oil of high boiling point, remaining liquid below 0°, and 
amg an odour like that of anise-oil. 

salts of this base are much more soluble than those of chloranilino. 

. sulphate and oxalate crystallise; the chloroplatinate does not. (Hofmann, 
^^n.Ch.1Phami.lxxiv. 148.) 


O G 2 
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Dietuylchloraniune. C'®H'^C1N “ ^ l>ro*nide of ethyl 

and ethylchloraniline dried in a hot current of air and heated to 100° for two dav 
is converted into hydrobromate of diethylchloraniline ; and from this the base ’ 
aeparated by potash as a brownish oil, which is purified by solution in ether, freed 
from potash by washing with water, and from ether by evaporation. 

The solution of the base in hydrochloric acid yields with platinic chloride an oranee- 
yellow crystalline precipitate of the chloroplatinate 2(C'®H'*ClN.HCl).Pt*’'Cl‘'. (Hof- 
mann, loc, cit.) 

C*H») 

Ethyl- ALLT ii- ANILINE. C**H**N « — The hydriodate is obtained by 

heating allylaniline with iodide of ethyl for two or three days, as a crystalline mass 
from which potash separates the base as a thick yellow oil having no characteristic 
odour, distilling between 220° and 225°, and forming soluble salts. An acid oxalate 
crystallises from a solution of the base in excess of hot aqueous oxalic 
acid, in sphericaJ groups of small needles. (Schiff, Ann. Ch. Pharm. Suppl. iii. 364 ) 

C«IP ) 

Ethyl-amyl-aniltne. C“*I1**N = CW >N. (Hofmann, Ann. Ch. Pharm 
t CHi") 

Ixxiv. 156). — A mixture of arnyhiniline and excess of bromide of ethyl {vid. sup.\ or of 
ethylaniline and excess of bromide of amyl or of iodide of amyl, which acta most 
quickly, is heated in the water-bath for two day.s, and the base is separated from tlw 
resulting hydroljromato of ethylarnylanilino as in the preceding case. The product 
is a colourless oil, boiling at 262°, therefore only 4° higher than amylanilino. 

When heated with iodide of methyl it yields the iodide of methyl-ethyl-amylo- 
phenylammonium, (CH^)(C2H®)(CHI*»)(C«n^)NI. 

The Hydrobromate and Hydrochlorate of Kthylamylanilinc crystallise. The former 
is resolved by distillation into ethylaniline and bromide of amyl : 

C'’«H=*N.HBr =- C“H"N + C^H"Br. 

The chloroplatinate is precipitated in the form of an orange-yellow viscid liquid, 
which solidifies in crystals fusible at 100° 

C«PP) 

Metbylanlllne. C’H*N = CH’Vn. (Hofmann, Ann. Ch, Pharm. Ixxiv. 150.) 
H ) 

— ^This base, metameric with benzylamine or toluidine, (C’'H^)H*N, is produced by the 
action of iodide or bromide of methyl on aniline. The mixture, which should bo made 
gradually, to avoid too great a rise of temperature, soon solidifies to a crystalline mass 
of hydriodate or hydrobromate of methyJaniline, from the aqueous solution of whkli 
the oily base may be separated by potash. 

Methylaniline is a transparent oil, which boils at 192°, has a peculiar odour, and 
colours aqueous chloride of lime violet, but not so strongly as aniline. Its salts ar« 
sparingly soluble in water, and are separated from their aqueous solution in tlm 
crystalline state by acids. 

The chloroplatinate, 2(CHI®N,HCl).Pt‘^CP, is precipitated in the form of a limpid oil, 
quickly changing to pale yellow crystalline scales which must he quickly wasjied with 
cold water and dried. They soon turn black from decomposition, and when alcoholic 
solutions are used, a black mass is immediately precipitated. 

The oxalate crystallises readily, but quickly decomposes, reproducing aniline. 

C®H» ) . . 

Methtl-amtl- ANILINE, sr CH* /N, is produced by the distillation of 

C*H") 

hydrate of methyl-ethyl-amylo-phenylammouium, water and ethylene being given on 
at the same time : 

[(CH‘XC»H‘)(C»H‘,0(C‘H'‘)N]HO - (CH’XC*H”)(C*H'‘)N + C»H‘ + H*0. 

It is an oil having an agreeable odovir. The chloroplcUinate, 2(C**H'*N.HC!l).I’t‘’®*' “ 
a crystalline precipitate. (Hofmann, Ann. Ch. Pharm. Izxix. 15.) 

C*H») , 

Methtl-bthyl-aniline. C®H'*N « CH® VN. (H o f m a n n, Ann. Ch. Pharm. Ixn • 

C®H*) i 

152.) — ^Ethylaniline heated with iodide of methyl for two days to 100 °, yields |. 

hydriodate ofrmethyl-ethyl-aniline. The base separated therefrom smells Hhe ew 
aniline, but is not coloured by chloride of lime. Its salts are very soluble and xnoswj 
uncrystallisable. 
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C-HS 

yneiiylanUtiio*.— 1. DiPHsam-AMiNB, C**H"N » (Hofmann, 

Ann Oh. Phfirm. cxxxii. 163.) — Tliis base, isomoric with xenylamine ia 

liroduced by tho distillation of triphc^nyl-rosiinilinc t'aniline-bliio), C®®II'®(C®H*)*N*. 

iVb‘*n commercial aniline-bhie is subiected to distillation, a fiiiiitly yellowish liquid 
over, and when the portion which distils between 280"^ — 300° is mixed with hy- 
drochloric acid, it immediately solidifies to a hydroch Ionite, sparingly soluble in strong 
hYilrochloric acid, easily purified by washing with aleoliol and recrystallisation from 
aicohol. This salt mixed with ammonia yields colourless oil-drops which solidify 
in H few seconds to a hard crystalline mass of dipheiiylarnine. 

This base is also found in small quantity amongst the products'of distillation of 
fosHiiiline, leucaniline, and melaniline. 

Dipheiiylarnine has a peculiar odour of flowi'rs, and an aromatic taste with burning 
after-taste. It molts at 45° to a yellow oil, which boils constantly at 310^. It is 
nearly insoluble in e^isily soluble in alcohol and tthrr. Neither the aqueous 

nor tiie alcoholic solution exhibits the slightest alkaline rc'action. Tho crystals treated 
with conciMitrated acids aro immediately converted into tlie corresponding salts, which 
however aro extremely unstable, the base being sepiratod from them even by water in 
oily drops which soon solidify to crystals. From the hydroohlorate every trace of the 
hiisp may bo removed by prolonged washing with water. Tho ht/drochlorale^ 
C'*H"N.tlCl, is obtained by reery.stiillisation from alcohol in white needles, which soon 
turn blue in contact witli the air. 

Di[ihenyliimiiie and its salts treated with strong nitne acid immediately assume a 
gpli'iivlid blue colour ; the reaction is best exhibited by mixing the base with hydro- 
chlorii! acid, and then adding nitric acid by drops ; it is very delicate, and serves to 
distinguish diphenylamino from all similar bodies excepting phenyl-tolylamine (p. 454). 
Tho compound to which this blue colour is due is likewise prodiic(5d by tho action of 
other oxidising agents ; thus on mixing a solution of the hydroch lorate with, platinio 
chlorifh-, ii blue solution is formed, from which tlie chloroplatinate separates only on 
very strong concentration, and even then deeply coloured. 

\Vhen diphenylamino is mixed with fohiidine (benzylamine) and the mixture treated 
willi mercuric chloride or arsenic acid^ or any of tho other reagents by which or- 
diiiury aniline is converted into aniline-red, a fused mass is obtained which dis- 
solves in alcohol with splendid violet-blue colour. The body thus formed, which 
has the character of a true dye-stuff, is probably monophenyl-rosaniline, 

An alcoholic solution of dipheiiylarnine mixed with bromine, yields a yellow 
crystalline precipitate of tetrabromo-diphcnylamino, C*''H^Br*N, probably = 
(C*IPBr^)*HN. It is sparingly soluble in cold alcohol, and separates from boiling 
filcnhol in beautiful silky crystals. 

Diphenylamino heated with chloride of benzoyl yields di phenyl-b enzamide, 
C^PO ^ thick oil which crystallises on cooling. (See Phbnyl- 

benzamides). 

2. Tkipukxyi.aminb. C'*H*®N « (C®II®)*N. Diphenyl-aniline, (Oossmann, 
Ann. Ch, Pharm. e. 67.) — This base has not yet been obtained directly from 
fniline or any other phenyl-compound ; but a base metameric, or possibly identical, with 
it is produced by the distillation of sulphate of cinnarnyl and ammonium with slaked lime : 

2[C*1P(NH*)SOs] Ca'TI*0'-« = C**H'*N + NH» + 211*0 + Ca'’H-S*0«. 

The distillate, which consists of a dark yellow oily liquid and a watery ammoniacal 
liquid containing the organiebase, is boiled with carbonate of sodium or dilute potash-ley, 
till all the ammonia and volatile hydrocarbon, &C., are expelled ; the fixed alkali re- 
tnovftd by repeated washing, &c., with diminishing quantities of hot water; and, after 
tils water has been separated as completely as possible by decantation, the oily base is 
<listilled in a slow stream of hydrogen, tho temperature being kept low at first to evap- 
orate the water, and the base afterwards distilled off between 1-10° and 150®; this 
j^Bipcrature should be kept up as long as possible, since the base decomposes at 
temperatures. 

The base thus obtained is a colourless oily liquid, which, on exposure to the air, 
oo'i ines yellow at first, and afterwards rod. It boils between 140° and 160°, anddis- 
®olje8 sparingly in water, readily in alcohol and ether. 

ihe salts are very unstable, all of them, excepting the chloroplatinate, decomposing 
jP^taneously on exposure to the nir either in aqu€»ous or alcoholic solution. The 
erystaUises in shining laminae having a slight tinge of red. The chdoro- 
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piatinate^ 2C‘"H‘®NCl.Pt*»Cl* separates on mixing the alcoholic hydrochlorate with 
moderately strong and neutral alcoholic solution of platinic chloride, as a dark veU ** 
bulky, flocculent precipitate, permanent in the air, and crystallising from alcohol^'^i 
75 — 80 per cent, by evaporation over oil of vitriol, in brown glassy crystals belo ^ 
ing to the regular system. ^8* 

An alcoholic solution of the free base mixed with alcoholic platinic chloride form 
bulky precipitate of the compound C“H“N*PtCP. Analogous compounds are obtain d 
with mercuric chloride and ailver-nitrate. 

The base above described is usually regarded as triphenylamine, but it h 

not been shown to yield by decomposition any compound of phenyl, or any of theusud 
products of decomposition of phenyl-compounds; and the mode of its formation seem 
rather to show that it is dicinnamylamine, (C®H’)*HN. With iodide of ethvl it 
yields the compound = (C*H")(C«H^)®NI or (C*H»)(C®H')*HNI (see phVnvl- 

ammonium). ^ 

Tol^laniline* l^nzylanlline, Phenyl-tolylamlne or. Phenyl-benzyi- 


amine. > 


C’H’ j-N. (Hofmann, Ann. Ch. Pharm. cxxxii. 292.)— Produced 


by the dry distillation of a salt of tritolyl-rosaniline (toluidine-blue) in the same manner 
as diphenylamine is produced from triphenyl-rosaniline (p. 463). To prepare it a 
solution of crystallised acetate of rosaniline in twice its weight of toluidine (benzyl- 
amine) is boiled for some hours in a flask having a vertical condensing tube ; the blue 
mass is then distilled, and the distillate mixed with hydrochloric acid and then with 
water, whereby aniline and toluidine and other bases accompanying the phonyltolyl- 
amine are dissolved as hydrochloratcs, while the phenyl-tolylamino remains as an oily 
layer, which usually soliifies or may easily be purified by rectification. The resulting 
crystals are finally recrystallised from alcohol 

Phenyl-tolylamine melts at 87° and boils 334-6 (corrected). It is much less soluble 
than diphenylamine. Nitric acid converts it into a blue substance scarcely distinguish- 
able from that produced in like manner from diphenylamine. It unites with acide 
forming loosely combined compounds which are easily decomposed by contact with water, 
by heat, or even by evaporation in a vacuum. The hydrocUorate, C‘*H‘*N.HCI, 
obtained by adding concentrated hydrochloric acid to a concentrated alcoholic solution 
of the base, crystallises in laminae. 

Phenyltolylamine fused with mercuric chh/ride^ forms a dark-coloured mass which 
di solves in alcohol with splendid violet-bluo colour, and probably consists of 
diphenyl-rosaniline, C*®H*’(C®H*)*N*. 

Phenyl-tolylamine heated with cMoride of hensoyl^ forms phenyl-tolyl-benz- 
amide) (C®H»)(C»H’)(C«H«0)*N. 

Vinyl-aniline. C*H®N = (C®H®)(C®H*)HN? Acetyl-aniline . — A base obtained 
together with other products, by the action of chlonde of ethylene on anilino 
(N^atanson, Ann. Ch. Pharm. xcviii. 297). It is probably identical with ethylene- 
phenylamine, (C®H®)"(C’H‘)N (see page 466, foot-note). 


hm Pbenyl-dlamlnes. 


These are diatoinic ammonias having 2 at. hydrogen replaced by phenyl, and 2 or 3 
other hydrogen atoms by a di- or tri-atomic radicle. 

Hofmann (Proc. Roy, Soc. ix. 277 ; x. 104), by acting upon aniline with dibromWs 
of ethjrlene, obtained ethylene-diphonyldiamine and diethylene-diphenyl- 
diamine, according to the equations : 

2(C»H».H*.N) -f C®HW = (C®H<)''(C®H»)*H*N» + 2HBr. 


2(C®H».H*.N) + 2C®H<Br® (C®H<)®(C«H»)2N* + 4 HBp; 

and Schiff (Ann. Ch. Pharm. Suppliii. 343), by treating aniline with acetic aldehyde 
(oxide of ethylidene), has obtained two compounds of the same composition as the pre- 
ceding, but dififbring from them in physical properties, and related to them in the sawe 
manner as aldehyde to oxide of ethylene, and acetal to diethylate of ethylene, that is 
to say, containing ethylidene (ii 698) instead of ethylene. Their formation may be 
represented by equations exactly similar to the preceding, substituting O for Bi®- , 
Compounds analogous to the second of these bases are likewise obtained by treatmg 
aniline with valerianic, oeuanthylic, benzoic, and other aldehydes, the general equation 
of their formation being ; 



+ 2C»H“0 


(0‘S-)* 
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A phenyl-diamine containing a triatomic radicle, viz. formyl-diphenyl-diamino, 
is produced by the action of chloroform on aniline (Hofmann 
P^ci^Soc-ix. 230), thus: ^ 


2(C?‘H\H*N) + CHCl* - (CHy"(C‘'H»)^HN* + 3HC1. 

Griess (Ann. Ch. Pharm. cxxi. 267; Jahresb. 1862, p. 337), by passing nitrous 
•pid into an alcoholic solution of aniline, has obtained azodiphenyldiamine 
(C“H*)*| r , 




H ) 


N*; and similar compounds are obtained by the action of nitrous 


acid on alcoholic solutions of bromaniline, chloraniline, and nitraniline. 

Lastly, melaniline, may be regarded as cy ano-diphenyl-diamino, 


CN ) 

and the base produced by the action of tetrachloride of carbon 

) 

CN I 

onaniUne, as cyano -triphenyl-diamine, (C^H*)* 

H* y 


1. Ethylene-compounds. 

Bthylene-dlplienyl-dlamlne. == (C1P)"(C®H®)2H*N* This com- 

pound is obtained by treating bromide of ethylene with a large excess of aniline (1 vol. 
of the former to 4 vol. of the latter). The mixture rapidly solidifies to a crystalline mass, 
from which water removes a considerable quantity of hydrochlorate of aniline, leaving a 
brown resinous substance, which gradually but imperfectly solidifies. This substance 
forms a liydrochlorate which dissolves but sparingly in strong hydrochloric acid, and may 
be readily purified by repeated crystallisation from boiling alcohol. On mixing the 
aqueous solution of this pure hydrochlorate with potash or aminoTua, ethylone-diphenyl- 
diamino separates as an oil which quickly solidifies to a crystalline mass and may bo 
puriliod by repeated crystallisation from dilute alcohol. 

Ethylene-diphenyl-diamine is very soluble in alcohol and ether. It melts at 59°. 
With hydrochloric acid it forms the hydrochlorate, 2HCI, or chloride of 

cthylene-diphcnyl-diammonium, (C‘^IP)"(C"II*)‘‘^H*N’**.Cl* which when treated with 
pluthiio chloride yields the chloroplatinate, (C“H®)''(C®IP)'‘*II‘‘N*CP.Pt‘''CH. 

Dibromide of ethylene in presence of alcohol, converts it into dicthylene-diphenyl- 
diamiiie : ,, 

(C‘IP)"(C«H»)*HW -H «. + 2HBr. 

Ethylene-diphenyl-diethyl-diamine, = (CnT'y'(C^'‘n®)'^(C«H*)*N* 

is obtained, in combination with hydriodic acid, hy digesting ethylene-diphenyl-diamine 
with iodide of ethyl for some hours at 100°. The hydriodatCy C*“IP*N^.2HI. or iodide 
ofethylene-diphenyl-diethyl-diainmonium, - (C*H*)'XC"H-')2(C-TP)2H-^^ 

then separates in well-de*firied prisms sparingly soluble in water, more soluble in alcohol. 
Wiieii trtuited with potash it yields the free base, which is also crystalline and 

molts at 70°. The chloruplatinatCy crystallises in needles. 

Dlettaylene-dlptaenyl-dlamine. C’ni'»N* = This base is 

proiluced, as already observed, by the action of bromide of ethyleno on ethylene- 
diplieriyl-diamine ; also, together with two others having the same percent age com{H)sit ion, 
Ijy heating 1 vol. bromide of ethylene with 2 vol. aniline. It was at first regarded by 
Hofmann as eihylene-phcnylamincy (C’‘‘H*)"(C®TT®)N, but its deportment with the iodides 
of methyl and ethyl (p. 456) show it to be a diamine. It is polymeric, or metapoly meric, 
with the base called vinyl-phmylamme, which Natanson obtained by the action of 
dichloride of ethylene on aniline, and with phihalidmcy (?), which Husart 

found among the products of decomposition of nitronaphthalene. 

Preparation . — A mixture of 1 vol. bromide of ethylene and 2 vol. aniline exposed to 
Ihe heat of boiling water for an hour or two, solidifies to a crystalline mass consisting 
of hydrobromate of aniline, together with three other bases, partly free, partly as hy- 
drobromates. These bases are separated by their different degrees of solublity in alcohol, 
the first being extremely, the second hut slightly soluble, and the thinl insoluble. To 
effect the separation, the solid mass is distilled with water to remove unaltered aniline 
and bromide of ethylene, and the residue is mixed with strong caustic potash, which sets 
free the portion of the bases combined with hydrobromic acid, in the form of a st misolid 
rosin. This is washed with water and redistilled with water, whereby an additional 
^mmtity of unaltered aniline is expelled, and the residuary mass is treated with boil- 
ing spirit (methylated). The insoluble base is then loft as a white powder, while the 
other two Resolve in the spirit, and the solution on cooling deposits crystals of the less 
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soluble base, which is diethylene-diphenyl-diamine, and constitutes bvfftrfi, 
largest part of the product, while the more soluble base remains in solution » 
diethylene-diphenyl-diamine may be purified by two or three crystallisations 
alcohol. 

Properties. — ^Diethylene-diphenyl-diamine crystallises in snow-white nacre 
needles, tasteless, inodorous, insoluble in water, soluble in boiling, less soluble in coM 
alcohol, soluble in ether ; the solutions are neutral to vegetable colours. It melts f 
148®, and begins to boil and distil at 300®, the greater part undergoing decomuositiV^n 
and yielding considerable quantities of aniline, together with other produrts « t 
examined. ^ 

The base dissolves easily in ht/drocMoric, sulphuric, and nitric aMd, especially on 
gently heating the liquids, which on cooling deposit well crystallised salts Ttio 
hydrochlorate, C'«H‘»N=*.‘2HCl or 0‘«H“N*C12, forms yellow precipitates with auridZ 
platinic chlorides, the latter containing C*"H''^®N*C1* Pt^’^Cl'*. 

The base is not acted upon in any way by bromide of ethylene, even after prolonffed 
contact at 100®— 150®; but when heated for some time to' 100® with the iodides of 

methyl and ethyl, it unites directly with them, yielding the compounds rn*! 

and ^ b f i 


The methyl-compound, when freed from excess of methylic iodide by distillation with 
water, then wooshed with cold water and repeatedly crystallised from boiling water^ 
mixed in the latter stages witli a small quantity of spirit — is a crystalline yellowish 
compound which may be dried at 100® without decomposition. Oxide of silver con- 
verts it into a powerfully alkaline liquid resembling the sol ution of hydrate of tetrotli} !- 
an:\monium, and yielding with hydrochloric acid and platinic chloride, a pale yellow 
amorphous platinum-salt containing 2(C'*H’‘‘N‘^.CH“Cl).Pt‘^CP. 

^ The ethyl-compound, is obtained in like manner, but requires longer 

digestion. It crystallises in yellowish-white needles which melt at 100® to a yellow oil. 
It is also decomposed by oxide of silver, yielding a strongly alkalino solution whieh 
forms with hydrochloric acid and platinic chloride the compound 2(C‘®n‘“N“.C*H»Cl). 


2. JUthylidene-compounds. 

By the action ofac^tic aldehyde on aniline, two bases are formed isomeric with the et hy 
lene bases just described. At ordinary temperatures the action takes place with great 
violence, water being separated and a thick brown liquid formed. But if the two liquids 
before mixing are cooled by a mixture of ice and salt, and the aniline is kept in excess, 
a more moderate, though still very rapid action takes place, and the resulting mass has 
only a slight yellow colour. This product enclosed in a sealed tube and left to itself 
for some weeks, assumes a red colour which become.s darker on finally he^iting it to 
100® for a few hours. On opening the tube, the water formed during the reaction (p. 451) 
is easily decanted from the thick liquid, and the latter, after being freed from excess of 
aniline by dilute acetic acid, may be further purified by washing it several times with 
water, dehydrating it in the fused state with chloride of calcium, then dissolving it in 
a considerable quantity of ether-alcohol to separate certain flocculent impurities, evap- 
orating the solution in a retort, and drying the residue for some time between 100® 
and 110®.t The product thus obtained is a shining, ropy, slightly violet-coloured mass 
containing ethylidene- and diothylidene-diphenyl-di amino, which may he 
separated by boiling alcohol, the latter dissolving easily uud abundantly therein, while 
the greater part of the former remains undissolved and the rest separates from the 
alcoholic solution on cooling. 

Stbyliaene-dlplienyl-diamine, C = (C*ID)"(C«H*)*H*N*, is obtained by 

repeated crystallisation from hot alcohol in spherical groups of crystals always having 
a faint yellow colour; in the perfectly pure state, it would probably be colourless. When 
exposed to light and air it gradually turns reddish. It does not unite with the weaker 
acids, but readily with the stronger acids. The sulphate, nitrate, and hydrocUorate are 
so extremely soluble, even in alcohol, that they cannot be made to crystallise. The base 
deliquesces in hydrochloric acid gas. The acid solution of the hydrochlorate is pre- 
cipitated by several metallic salts. With merouric cUoride it forms a yellow floccu- 
lent crystalline precipitate of the chloromercurate, 2(C**H**N*.flCl)HgXP, which is 


* The more soluble and the insoluble base have the same percentage composition as dlethylene* 
diphenyl-diamine, but their rational formulae hare not bwn determined. It is probable, however, that 
theformerisethylene-phenylamine, C»H»N ss (C2H*y'tC®H»)N, and the latter trie thy lone- 

triphenyltriamine, C«H»N» * The former la probably also identical with 

Natanson's vinyl-phenylamine (p. 464). . 

f The same method serves for the puridcatlon of the products obtained by the action of other aioa- 
mma upon aniline, to be described further on. 
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insoluble in water, but dissolves in alcobol containing hydrochloric acid, forming a 
solution from which sulphydric acid throws down very finely divided mercuric sulphide. 
At 130° it turns red, begins to fuse, and gives off a Large quantity of hydrochloric 
^id. leaving the compound ^ ^ 

cfdoroplutinatc^ 2(C‘‘‘H'“N“.IICl).Pt‘’Cl*, is a yellowish-red crystalline precipitate 
insoluble in water, slightly soluble in alcohol. 

piettoylldene-dipUcnyl-diamltie. C‘*H**N* = (C*H«)*(C*H»)*N*— This base 
reimiins on evaporating the alcoholic solution above mentioned, as a red resinous mass, 
Hiid may bo obtained by repeated solution in alcohol, and repeated precipitation from 
acid solution, in solid but not in crystalline form. It may also be prepared by the 
action of aniline on oxychloride of ethylidcne (ii. 599) : 

(C*I1')*C1®0 + 4C‘'H^N = (Cni")*(G'‘n5)*N2 + 2(C«H"N.HC1) + H^O. 

It differs from the moiioethylidonaled base in its inferior tendency to crystallise, but 
n-sinibles it very closely in solubility Mid in its beliavioiir with acids. Its solution in 
hydrochloric acid gives with platimc chfA>7'idf\ &.f\ orange-coloured crystalline precipitate 
(consisting of 2(0“H‘“N'‘‘*.HCl)Ft‘’Cl‘‘, and with rmrcuric chloride a yellowish floccnlent 
prcripitiito of tlio compound 2C“*H“*N'^.ilg"CP. 

liotli the ethylidcne bases unite with iodide of forming compounds probably 

similar in constitution to the ethylene-compounds already mentioned (p. 450). On heat- 
inf^ 1 at. of the diethylidene-base with 2 at. othylic iodide, a considerable portion of 
llir latter remains uncombined, but the resulting compound does not crystallise well,, 
and has not been analysed. 

3. PJumyl- diamines containmg other Aldehyde-radicles, 

Dlallylidene-dlplienyl-dlamlne. C“*H*«N* (C»iP)2| — Produced by treat- 
ing iiuilino with acroleVn. The action is very violent and requires to be moderated 
by afivezing mlxt,ur<5. Tlie jiungont odour of the acrole’jn is instantly destroyed,* and 
the product, treat e<l by the method of purification above described (p. 456), yields the 
diiiMiiiie in the form of a yellow inodorous inas.s, which dries up to a varnish, and if it 
still retains a slight excess of aniline, assumes a lino red colour when dry. It ift 
iiKsoluhle in w'ater, slightly soluble in alcolioJ. its salts have not been ol)tained in tho 
tTysfalliue state. The hydrochloric acid solution mixed with alcohol yields pulverulent 
pi’t'i.ipitiitcs with mercnric and platinic chloride, ^iihaplatm'um-salt gave by analysia 
'il‘21 and 21-38 per cent, platinum, the formula 2(C‘*‘il*'*N*.lI01)PtCl*, requiring 21*2; 
per cent. 

Blamylidene-dlplienyl-dlamliie. C**IP®N* =* (C“IP)*|^* — I**^<iucedbythe 

action of valoraldehyde on aniline. The action is much less energetic than with acetic 
aidiliyde; nevertheless it is attended with considerable rise of temperature and im- 
iin?diatc S(‘paration of winter. Idle product purified as above is a tliick yellow oil having 
a bitter taste, insoluble in Avater, ea.sily soluble in alcohol and other. It does not unite 
vith acids ; the alcoholic solution mixed with Ijydrocbloric acid and platinic chloride 
and evapurated, does not yueld any platinum-salt. Heated if/Wh iodide and bromide of 
it yiekhs compounds Iiaving the consi.sttmce of turpentine. 

Altogether this and the following compounds differ considerably in their properties 
win the etJjylidene-diaminos, occupying indeed an intermediate place between basic 
aimnes and acid amides, and perhaps approaching more nearly to the latter. Never- 
tnoie.ss their relation to the ethylidene basons and their capability of uniting with the 
lonides of ethyl and methyl, make it more convenient to rt'gard them as amines. 

Blbenzylldene-dlplieiiyl-diamlne. 1 J?*.— This compound 

yas discovered by Laurent and Gerhardt (Compt. chim. 1850, p. 117), who called 
it benzoylanilide^ and assigned to it the formula It is produced by the 

ai'tion of aniline on bitter almond oil. The two bodies act upon one another at ordi- 
nary temperatures, with separation of water, and the reaction may be completed by 
lieating the mixture to 100° for a few hours. The product is a crystalline mass which 
be purified by repeated crystallisation from hot alcohol or from alcohol and ether, 
h then forma crystalline plates, according to Laurent and Gerhardt ; Schiff, however, 
obtained it only as a yellow crystalline mass. Laurent and Gerhardt found that it 

■ * A f<!Bpirator moiiteued with a amail quantity of aniline affords a very good protection agalnit the 
***wn»ely irritating vapours of acrolein. ( 8 c h i f f.) 
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could be distilled without decomposition and was thus obtained quite colourless* Ki 
according to Schiff it is in great part decomposed by distillation. ’ 

Benzoin^ C'*H*=0*, heated with aniline to 100° yields, with separation of water 
product which appears to bo identical with that obtained with bitter almond oil b t 
crystallises more readily from ether. (Schiff.) * 

Dibenzylideno-dipbenyl-diamine is tasteless and inodorous, very fusible, insoluble in 
water^ very soluble in alcohol and in ether. It dissolves in hot strong hydrochloric 
acid^ and does not appear to be decomposed by boiling the solution ; but is separate^ 
in its ori^’nal state on addition of ammonia. It is not dissolved by a/:ctic add. By 
boiling with strong nitric or sulphuric add, it is resolved into bitter almond oil and 
aniline. Bromine passed into the alcoholic solution throws down crystalline tribrom- 
aniline (Laurent and Gerhard t). It does not form a chloroplatiuate. It unites 
but slowly, with iodide of ethyl. When 1 at. of the diamine and 2 at. iodide of othyi 
are heated together for two days in a sealed tube, a considerable portion of the latter 
remains undeeomposed. According to Borodino (Ann. Ch. Pharm. cxi. 254), ben- 
soylranilide, unites with 1 at. ethylic iodide, and the compound boiled with 

potash yields an alkaline mass which decomposes by (Bstillation, yielding a strongly al- 
kaline liquid. According to Schiff, however, tlie alkaline mass thus obtained is nothing 
but a mixture of the original substance with aniline, which passes over on distillation. 

The diamine when exposed to the air, especially if moist, assumes a blue-greeu 
colour, and is ultimately converted into a coloured amoiyhous mass. A blue colour is 
also produced by heating its alcoholic solution with nitric acidj^iiS!*^with mercuric or 
platiuic chloride, also by heating it in sealed tubes with ammonia. As the diamine 
contains the radicles phenyl and benzylidene, the blue substance produced in these re- 
actions is probaV)ly related to the aniline dyes (see Appendix to Phenyi.amines). 

The neutral diamine obtained either by the action of bitter almond oil or of benzoin 
upon aniline, undergoes a remarkable change when kept for some months in sealed 
tubes at ordinary temperatures, or heated for about ten hours to 180° and at last to 
200°. It is then converted without change of composition into a basic substance capa- 
ble of forming salts with acids. The basic modification is a brown glassy substanco 
much more soluble in alcohol than the original body, less crystallisable, and in contact 
with acids, immediately acquires a deep red colour. Its salts artj sparingly soluble iu 
water, easily in alcohol. The hydrochlorate gives precipitates with mercuric and pla- 
tinic chloride. The platinum-salt contains 17*6 per cent, platinum, agreeing with 
the formula 2(C”H*fN*.HCl)PtCP, which requires 17 ’5 per cent. 

This basic diamine is related to the original compound in the same manner as 
the ethylene-bases to the ethylideno bases above described, or as amarine to hydro- 
benzamide; it may thereforebe called dibenzylene- or ditoluyleno-diphcnyl- 
diamine. (Schiff.) 

Benzylidene-diethyl-diphenyl-diainine. ■« (C'ir®y'(C“H*)* 

(C®H*)*N*. — Produced by the action of bitter almond oil on ethyl-aniline, generally in 
the form of a resin, which may be obtained in solid form by repeated separatitm from 
its metallic compounds. It is insoluble in water, sparingly soluble in alcohol, more 
soluble in ether. It does not form definite salts with acids, but its solution in hydro- 
chloric acid gives a white precipitate with mercuric chloride, and yellow with 
platinic chloride, the latter containing 18*4 per cent, platinum, while the formula 
2(C'*®H**N* HCl)PtCP rc3quires 18*6 per cent. 

This ethylated diamine shows a still greater tendency than the dibenzylidene com- 
pound to form a blue compound by oxidation. The somewhat concentrated alcoholic 
solution is dark red by transmitted and dark blue by reflected light. 


Ullaeptylldene-dlplienyl-dlaiiilne. = (C«H^)** \ N*.— Aniline and 

oenanthol act on one another jit ordinary temperatures, produciuga rise of temperature 
of 40° — 60°. The product purified as above is a yellow, bitter, oily liquid which may 
be partially distilled without decomposition. It is . not basic, not even forming s 
chloroplatinate. Nitric acid attacks it violently, forming a brown resin. Sulphuiic 
acid quickly decomimses it, especially when heated, into oenanthol and sulpliate of 
aniline. It unites with alcoholic iodides. When heated for some hours to 100° in a 
sealed tube with excess of amylic iodide, it ^elds a yellow viscous body containing 
2*18 per cent, iodine, the formiila requiring 22*05 per cent. 

Heptylidene-diaUyl-diphenyl-diamine. C**H*^N® ** 


duced by the action of oenanthol on allylaniline 


(C»H»)* 




+ C'H»0 


(C«H»)5^ 
(C-H^ ' 


T] 

‘)4: 


N» + H*0.. 
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Tt is » liquid havij^ a bitter taste and a very strong odour of geraniums. 

It dissolves in strong sulphuric acid, and on addition of water, part of it separates 
inaltered, while the rest is decomposed, yielding cenanthol. It has no basic properties. 

jjcntvlidene-diethyl-di'phenyl-diamine, C**H®*N* « VN*. — 

^ ^ (C«H»)2 j 

produced by the action of mnanthol on ethylaniline. It is a yellow oil whi(rh turns 
bro^vii when heated, and distils, with some decomposition, between 215° and 220° It 
Joes not unite, either with acids or with clilorides. 

Action of AnUine on Cinnamic^^ Cumink\ and Salicylic Aldehydes. — Aniline acts on 
cinnamic and cuminic aldehydes in the same manner as on tliose above mentioned, 
forming diamines which have no basic properties and do not combine with platiiiic 
chloride. The cinnamic compound is resinous ; the enminie compound is a thick oil. 
The resinous residue left in the distillation of cumin-oil is not affected by aniline. 

Aniline likewise unites in a similar manner on salicylic aldehyde (salicylono ncid), 
as observed some time ago by Schischkoff (Compt. rend. xlv. 272). The. .product 
is crystalline, and consists of diphenyl-salicyl-diamido or salicylanil ide, 
a compound polymeric with phenyl-benzamide Its forma- 

tion is represented by the equation: 20’H‘0 + 2C*H’N = + 2HH). 


4. Formyl^co'm.'pound. 

Formyl-dlplieiiyl-dlamlne- C**H*®N* = (CHy'^vN*. — (Hofmann,Proc. Roy, 

H j 

Soc. ix. 229.) — This compound is formed by the action of chloroform on aniline : 

4C«H^N + CHC? = C*»H«N’‘«.IIC1 + 2(C“II’KITC1). 

Chloroform and aniline do not act on one another at ordinary temperatures, and 
scarcely at the heat of boiling water ; but on exposing a mixture of the two liquids in 
scaled tubes to 180° — 190° for ten or twelve hours, a hard brown crystalline mass is 
obtained, consisting chiefly of the hydrochlorates of aniline and forrayl-diphcnyl-diamine. 
To purify the latter, the brown crystalline mixture is triturated with water and washed 
on a filter, till the precipitalo obtained by adding potash to the wash- water, which is 
ut first oily and consists only of aniline, gradually exhibits a tendency to solidify and 
ultimately falls us a yellowish-wliite crystalline substance. The residue on the filter 
is tlicn to bo dissolved in warm (not boiling) water ; the solution is filtered from a brown 
rosiiiou.s substance, and precipitated by ammonia or potash ; and the crystalline precipi- 
tate thus obtained is waslied till free from alkali, and repeatedly crystallised from weak 
spirit. 

Fomiyl-diphenyl-diamine forms a white crystalline powder, or sometimes minute 
scales, goiicniLly of a ycllo^vish tint, arising from a trace of a yellow substance formed 
during the reaction, which adhe.re.s to it with great tenacity. It is insoluble in water, 
but dissolves readily in alcohol and ether, and is precipitated from hot solutions by 
water as a yellow oil which solidifies to a white crystalline mass on cooling. It is 
easily dissolved by acids, with many of which it forms crystalline salts. These salts 
are not very stable, their solutions, especially when heated, being always found to 
oontain more or less aniline. With potash or ammonia, they yield a precipitate of the 
base. The hydrochlorate contains C**H*-*N*.HC1 ; the chloroplatinate 2(C*’*xl**N®.IICl). 

6. Azophenyl’diamines, 

/r<iaTT7T^'"V' 1 (C*H®)2] 

Azo-dlpHeiiyl-dlamliie. C‘*K"N’ » |N*. (Griess, 

Ann. Ch. Pharm. exxi. 257 ; Jahresb. 1862, p. 338 ; Phil. Trans. 1864, [3], 678.) This 
compound, which contains the elements of aniline and azophenylamine (p. 431), and is 
accordingly regarded by Griess as diazo-amidohemene, C®1I'*N‘.C‘*H*(NH®), is produced: 
— 1. By the direct action of aniline on salts of azophenylamine, the nitrate for example. 
“^2. By the action of aqueous aniline-salts on the compound of azophenylamine with 
Jiydrate of potassium : e.g. 

C<H^N*.KHO + C‘'H’N.HC1 « + KCl + H»0. 

3. By the action of nitrous acid on an alcoholic solution of aniline : 

2C*H’N + NHO’^ == C**H*‘N* + 2H*0. 
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To prepare it by the last mentioned reaction, nitrous acid gas is slowly passed int 
a cooled solution of aniline in 6 to 10 pts. alcohol, till a small portion of the sola?*^ 
leaves on evaporation an oily residue> which solidifies to a crystalline resin, or till 
residue begins to be insoluble in dilute acetic acid. The brown-red alkaline soluti * 
contains, together with azodipbenyl-diamino, variable quantities of phenol, benzon ** 
nitrate and nitrite of aniline, and nitrate of azopbenylamine (p. 431), formed by the 
further action of the nitrous acid on the azodipheiiyl-diamino. On mixing the alcoholic 
solution with a large quantity of water, the diamine separates as an oily mass which 
afterwards solidifi(!H, sometimes in yellow crystals. It may be freed from the mother- 
liquor containing the other substances just mentioned, by pressure and washing with 
cold water, and further purified by several recrystallisations from hot alcohol. 

Azodiphenyl-diamine crystallises in golden-yellow shining laminae, or less frequently 
in needles. It is tasteless and inodorous, insoluble in water, sparingly soluble in cold 
more soluble in hot alcohol, and soluble in all proportions in ether. It melts at 91® 
to a red-brown oil, which solidifies again in the crystalline state at 50° ; at a higher 
temperature it decomposes, and if in large quantity, explodes violently at about 200 . 
It is insoluble in the weaker acids, and is easily decomposed by strong acids, with 
evolution of nitrogen. It is only towards platinie chloride and nitrate of silver that it 
exliibits any basic character. The flatmum-salt^ 2(C'‘fr*N®.HCl).PtCl\ separates 
on mixing the alcoholic solution of the base with an acid solution of platinie chloride, 
in small reddisli needles or prisms, nearly insoluble in alcohol, ether, and water^ 
easily decomposible, detonating when strongly heated. With nitrate of silver the 
diamine forms a greenish-yellow precipitate, agreeing approximately with the formula 
C'‘-*H"N».NAg03. 

Azodiphenyl-diamine, heated with strong hydrochloric acid^ under a layer of ether, is 
resolved into phenol, hydrochlorate of aniJiiie, and free nitrogen : 

+ H*0 -h HCl == C«H«0 + C«H»N.HC1 + N*. 

With bromine in etliereal solution it forms hydrobromato of azopbenylamine, which 
separates out, and f ribromaniline, which remains in the mother-liquor and afterwards 
crystaUisea in white needles : 

+ Br« = C«H<N*.HBr + C*H‘Br»N + 2HBr. 


Bromopicrin is also formed as a secondaiy product. Wlien the diamine, dissolved in a 
mixture of alcohol and ether, is treated with nitric acid containing nitrons acidj nitrate 
of azopbenylamine is formed, and separates in white crystals : 

+ NHO* + 2NHO» - 2(C»HW.NHO») + 2H''0. 

(C«IPBr)*) 

Azo-hromodinhenyl-diamine^ C**H®Br*N* = N'" >N*, or Diazoamdo- 

hromohenzene^ C*H*BrN*.C®H^Br(NH*). — Produced by the action of bromanilino 
on nitrate of azopbenylamine (or azobromophenylamine) or of nitrous acid on an 
alcoholic solution of bromaniline, and purified like the preceding. It exhibits the 
same properties whether prepared from a- or 3-bromaniline. It forms yellowish-red 
highly lustrous laminae and needles, very soluble in ether, and melting at 145°. In 
other respects it resembles azodiphenyldiamine. platinum-salt^ C'^H®Br®N“.IPCH 
PtCl*, forms buff-coloured capillary crystals, which deflagrate easily and are nearly in- 
soluble in water and ether, titrate of silver added to the alcoholic solution forms a 
yellow precipitate of the salt C'^^iPBr^N^NAgO*. (Griess, loc. cit.) 

(C«H»Br*)*) 

Azo’-dibromodiphenyl-diamine^ C’*H^Br*N* N'" or JHazo~ 

H ) , 

amido-dibromo-benzene^ C*H*Br*N*.C*H*Br*(NH*), is obtained in like mauner by tns 
action of nitrous acid on alcoholic dibromaniline, as a bulky yellow precipitate consist- 
ing of a network of interlaced microscopic needles. It is but very slightly soluble, ana 
usually crystallises from alcohol or ether in small golden-yellow needles, melting ^ 
167*5°, sometimes in yellow-brown granides, or yellow or ruby-red well-developed 
prisms, which latter however are converted by reciystallisation into the golden-yellovr 
needles. (Griess, loc. cit.) 

(C®H®C1)*) 

Azo^chlorodiphenyl~diamine,C^m*am* » N'" >N*, or 

H ^ 

ehlorobmzency C*H*C1N* C®H*C1(NH*), obtained like the corresponding bromuie-oo®‘ 
pound, forms yellow needles or laminae melting at 124*5°. 

(CWC1»)*) 

Azo-dichlorodiphcnyldiaminCf ^ N"' or JHazoamtw* 

H ) 
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dkUoTohentf^^t ^®*^^*^*^*^*9^*(^^*)* Produced by the action of nitrous acid on 
JcohoUc dichloraniline, crystallises in light sulphur-yellow, capillary needles, melt- 
ing at 126-5®, insoluble in water, very slightly soluble in hot alcohol or ether. Like 
thecorrespondingbromine-compound, it does not form a platinum-salt, but rather behaveg 
like an acid, being soluble without decomposition in caustic potash. ( G r i e s s. /oc. cit 1 

[OTP(NO*)]'^) 

j^go-nitrodiphenyl~diamine, = N"' oi Diazoamido- 

H ) 

^litrohenzcn^i C®II^(NO®)N*.C®IT*(NO®)(NH*). — Produced by tlie action of nitrous acid 
ou iin alcoholic solution of o- or ^-nitraniline,* and exhibits corresponding isomeric 
moJifications. The a-compound is insoluble in water, very sparingly soluble in alcohol 
and ether, and crystallises from either of these solvents in ruby-red or reddish-yellow 
prisms, mostly well-defined. Jt melts at 195*50. ^ 

^ The /S-compoiind is precipitated as a yellow crystalline mass consisting of an 
aggregate of granular or moss-like microscopic crystals. It is insoluble in water, very 
sparingly soluble in alcohol or ether, melts at 224*5^ to a reddish-brown oil, and 
di-tonates at a higher temperature. It is almost wholly indifferent, not forming a 
compound even with chloride of platinum. With an alcoholic solution of silvcT -nitrate ^ 
however, it forms a yellowish-green amorphous precipitate. (Griess, /oc. Ci7.) 

(C“IP\ 

Azo-pbenyl-napbtlisa-dlamlne. C*«H‘W = ^ N*. (Griess, PhiL 

Trans. 1864, [3], 679.) — This compound contains the elements of azophenylamine 
and naphthylamine, and is regarded by Grie.s8 as diazohmzme-amidoniqMhaUne, 
C*IPN* C"'H’(NIP). It is obtained as a nitrate in the form of a violet crystalline 
precipit ate by adding an aqueous solution of nitrate of azophenylamine to an alcoholic 
solution of naphthylamine : 

C«H*N*NHO* + C’«IPN = C>«H'®N®.NHO». 


The nitrate purified by repeated washings with cold alcohol and recrystellisation from 
hot alcohol, forms well-defined prisms of a magnificent grass-grccn colour by transmitted, 
hut riiby-red by reflected light. It is almost insoluble in water and ether, but dissolves 
freely in hot alcohol and separates almost wholly ou cooling. 

The nitrate decomposed by ammonia or potash yields the free base, which crystallises 
in veiy brilliant ruhy-red prisms, easily soluble in alcohol and etlier, forming yellow 
solutions to whicjh acids impart a beautiful violet colour. With plaiinw chloride it forms 
a purple-bluo crystalline precipitate, and with nitrate of silver ^ a yellow precipitate 
composed of small fine needles. 


6 . Cyanoplienyl- diamines. 

There are two derivatives of aniline which may bo classed under this head, namely 
cyiuio-di phenyl-diamine, or melaniliue, j)roducod by the action of chloride of 
cyanogen on aniline, and cy ano-triphenyl-diami ne, by the action of tetrachloride 
of carbon on aniline. The latter, however, is more probably a triamine, and will be 
described under that head (p. 465). 

Cyano-dipbenyl-dlamlne or ]IKelaiilline» ■« C®II®CyN.C®H’'N = 

^ rN*, might also be repre.sonted as carbo-diphonyl-diamino, >N*. 

(Hofmann, Ann. Ch. Pharm. Ixvii. 129; Ixxiv. 8 and 17.) — This compound, which 
(Contains the elements of 1 at. aniline and 1 at. cyanophenylamino (cyanilide), is 
produced by tlie action of chloride or bromide of cyanogen on anhydrous aniline. As 
cyanophenylamine is produced by the action of chloride of cyanogen on aniline dis- 
solved in anhydrous ether (p. 442), it is probable that, in the reaction now under 
consideration, cyanophenylamine is also produced in the first instance and immediately 
with a molecule of free aniline forming melaniline. 

P'l'eparation . — ^When gaseous chloride of cyanogen (obtained by the action of chlorine 
moist cyanide of mercury) is passe(f into aniline, the gas is absorbed, with great rise 
^temperature, while the liquid acquires a darkercolour and thickens to a cry.stalline mass, 
mass is to be heated till the crystals melt, so that it may be completely saturated 
dh chloride of cyanogen ; the clear brownish, non-crystalline, resinous mass, which is 
produced on cooling and consists of hydrochlorate of melaniline (together with a brown oil 
jJ*olublo in hydrochloric acid, which forms in greater quantity as the chloride of cyanogen 
« more humid, and not at all if the gas has been previously passed over chloride of cal- 

• See foot-note, p. 446. 
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cium), ifi dissolved in water, the solution being accelerated by addition of bydrochlori 
and boiling; the liquid filtered from the oil is precipitated by potash; and the^^J^^ 
viscid precix>itate, which immediately solidifies in the crystalline form (only 
time, however, if it contains undecomposed aniline), is washed with cold water 
whole of the chloride of potassium is removed, and purified by two crystallisations ^ 
a mixture of equal parts of alcohol and water, which yields the finest crystals. 

Properties . — Melaniline forms white, hard, easily friable laminae and broad needl 
which float on water, but sink in the fused state, and between 120® and 130®, mdt it 
a slightly coloured oil, which solidifies in a crystalline mass on cooling. It is’inodoro*^^'* 
but has a bitter persistent taste ; slightly blues reddened litmus, but does not chan^*’ 
the colour of turmeric ; it acquires a reddish tint when exposed to the air. It dissolve^ 
sparingly in cold, more easily in boiling watcr^ and separates in small scales on coolinc* 
It is easily soluble in alcohol^ ether ^ wood-spirit, acetone, sulphide of carhm and 
both fixed and volatile. ’ * 


Decompositions. — 1. Melaniline be^ns to decompose between 160® and 170® giving 
off aniline and ammonia. — 2. CA/ormc-water added in very large excess to* hydr<> 
Ohlorato of melaniline, completely precipitates the base in the form of a resinous mass 
probably consisting of tricliloromelaniline. If the chlorine-water be gradually added, 
till the turbidity thereby produced no longer disappears on agitation, the liquid 
filtered from the resinous precipitate contains hydrochlorate of dichlororaelunilint.. 
—3. When bromine is added to aqueous hydroehlorate of melaniline in tho manner 
just described with reference to chlorine-water, the filtmto deposits, on evapora- 
tion, needles of hydroehlorate of dibromomelamline; and tho mother-liquor mixfid 
with a larger quantity of broraino and evaporated, yields transparent, yellow, oily 
drops which crystallise on cooling, and probably consist of tribromomeluniline ; 
Bromine acting in excess on hydroehlorate of melaniline forms a resinous substanco 
still richer in bromine. — 4. Alcoholic iodine added in excess to hydroehlorate of 
melaniline, throws down nearly the whole as a black viscid mass, which when the 
quantity of iodine is less, is precipitated in smaller amount, while un decomposed 
melaniline remains in solution. — 6. Fuming nitric acid suddenly mixed with unequal 
qimntity of melaniline, produces great heat, rising even to exx>losion, attended with 
slight fuming; and, when gradually added, produces, according to the duration of the 
action, orange-yellow crystals of an alkaloid witli violet iridescence, and lemon-yellow 
prisms of an acid which forms scarlet salts with alkalis. Moderately strong nitneacid 
added in great cjxcess or heated, likewise exerts a decomposing action. — C. Cyanogen 
passed through an alcoholic solution of melaniline, is abundantly absorbed; and 
the liquid, if then inclosed in a bottle, deposits dicyanomelaniline, the odour of cyano- 
gen changing at tlie same time into that of hydrocyanic acid, while the brown mother- 
liquor contains other products of deconjposition. 

Salts of Melaniline. — Melaniline is but a weak base, and does not precipitate 
ferric salts. It dissolves in acids very readily and with slight evolution of heat, and 
neutralises them completely. The salts are colourless or slightly coloured, mostly 
crystaUisablo, and taste very bitter; with firwood, chloride of lime and chromic acitl, 
they do not exhibit the colouring produced by aniline-solutions. They are precipitated 
by ammonia and more completely by potash or soda (also by the carbonates, with 
evolution of carbonic acid, yielding a white, quickly crystallising precipitate), but not 
by aniline ; neither does melaniline precipitate the aniline-salts. 

Hydriodate of Melaniline. C'*H’*N®.HI. — Concentrated hydriodic acid converts 
melaniline into an oil, which sinks to the bottom and gradually solidifies iu a crystal- 
line mass. It decomposes quickly on exposure to the air, with liberation of iodine. 
From a solution in boiling water, it separates on cooling in oily drops which afterwards 
solidify. It dissolves also in alcohol. 

Hyiroh romate of Melaniline. — Crystallises from water in stellate 

groups of needles very soluble in water, less soluble in strong hydrobromic acid. 

Hydroehlorate. — The aqueous solution does not yield crystals by spontaneous 
evaporation ; when dried over oil of vitriol or in the water-bath, it dries np to a clear, 
slightly coloured gum, which crystallises very slowly. It is tho most soluble in water 
of all the salts of melaniline. A moderately concentrated solution of this salt mixed 
with trichloride of gold becomes turbid after a while, and deposits fine golden-yellow 
needles of the chloroaurate, C”H‘*NMICLAuCl* With a concentrated solution of the 
hydroehlorate an immediate precipitate is formed. The chloroaurate is but slightly 
^soluble in water. Platinic cnloride forms with hydroehlorate of melaniline a light 
yellow slightly crystalline precipitate ofthechloroplatinate, 2 (C**H*’W*.HCi).FtCl*,and 
the filtered liquid deposits, after some time, orange-coloured crystals having the 
composition. The platinum-salt dissolves in a small quantity of boiling water ; it w 
less soluble in alcohol, insoluble in ether. Mercuric chloride forms in solutions ox 




CYANOPHENYL-DIAMINES. 


463 


•niline a white pfeeipitate easily soluble in hydrochloric acid, and forming a solution 
ffhich deposits needles by spontaneous evaporation. 

ffifdroJtmte.—The solution of melaniline in weak hydrofluoric acid yields well 
developed crystals, having a faint reddish colour, somewhat soluble in water, less 
soluble iu alcohol. 

of MdaniUne, C**H**N*.NHO*. — Ciystallises on cooling from the hot 
aqueous solution so completely, that the mother-liquor is but slightly clouded by potash, 
and not by ammonia. The needles assume a faint reddish tint by exposure to the 
air, but are otherwise permanent. They dissolve also in hot alcohol, but are nearly 

insoluble in ether. 

jinjmto-nitrate of Melaniline, NAgO*, is precipitated immediately on 

mixing the alcoholic solution of melaniline with aqueous nitrate of silver, as a white 
mass, which quickly agglutinates to a resin, and must be purified from free melaniline 
bv trituration with alcohol ; from a clear alcoholic mixture of melaniline and nitrate of 
silver, the salt separates after a few hours in hard crystalline g(*odes. 

Oxalate of Mdaniline. — Melaniline forms crystals with excess of 

oxalic acid. These crystals molt when heated, give off, with violent ebullition, equal 
Tolumes of carbonic oxide and carbonic anhydride, smelling strongly of anilocyanic 
acid, yield a distillate of aniline and a beautiful crystalline sublimate of diphenyl- 
carbamide, and leave a clear viscid mass, which on cooling solidifies to a resin. 
The salt dissolves sparingly in cold water or alcohol, readily in boiling water or alcohol, 
but is nearly insoluble in ether. 

The phosphate is very soluble in water and crystallises but slowly. 

The forms stellate groups of rhombic plates, sparingly 

Bolublft in cold, freely in hot water ; soluble also in alcohol and ether. Melaniline 
added to sulphate of copper throws down a flocculeiit double salt. 


Dihromomelaniline. (Hofmann, Ann. Ch. Pharm. lx\di. 148; 

Clicm. Soc. Qu. J. i. ^ 299.) — An aqueous solution of hydrochlorato of melaniline 
iriixod witli bromine in small portions, till the turbidity begins to be permanent, 
\iiMs, when filtered, evaporated, and coohul, stullato gi’oups of hydrobromate of dibro- 
inonuhiniline, which, when dissolved in water, form with ammonia a white crystalline 
Iirtcipitat<‘, crystallising from hot alcohol in white scales. The base tastes very 
biller in its solutions. When heated above its melting point, it gives off pure brom- 
in the form of a colourless distillate, which solidifies in a yellowish crystalline 
mass, leaving a resinous mass similar to the residue obtained in the distillation of 
melaniline. It is nearly insoluble in water, but dissolves in alcohol and ether. 

l\& hydrochlorate, 0‘^H"Br“N^HCl, crystalli.ses in white silky needles grouped in 
Btars. These crystals, when immersed in a small quantity of boiling water, melt into 
an oil which solidifies in the crystalline form on cooling ; they dissolve sparingly in water. 

The hot saturated solution of the hydrochlorate forms with platinic chloride an 
orange-yellow precipitate, which on cooling crystallises in golden-yellow scales, nearly 
insoluble in water, sparingly soluble in ether, somewhat mciire in alcohol, and containing 
2(C>3HiiBr*N3HCl).PtCP. (Hofmann.) 

I)icm.oiiOMELANiUNF.. C'^H^CPN®. (Hofmann, he, cit ,) — ^Wlien chlorine- 
vator is gradually added to hydrochlorate of mchinilino, till the turbidity no longer 
ibsappear-s on agitation, tho filtrate when evaporated and cooled, yields hydrochlorato 
of difhloromelanilin© in white stellate needles, or by further evaporation, as a yellowish 
oil which solidities in the crystalline form. From the solution of this salt in water, in 
which it is but sparingly soluble (whereas it dissolves more readily in alcohol and 
still more in ether), ammonia precipitates the base in snow-white flakes, which separate 
from the alcoholic solution in hard crystalline laminte. 

^latinum’‘Salt, 2(C“H"CPN*.HCl).PtCP. — The hydrochlorato mixed with tetru- 
cbloride of platinum, yields an orange-yollow ci’ystalline powder which must be washed 
with ether. 

The resinous mass precipitated by mixing hydrochlorato of melaniline with a very 
large excess of chlorine water, which hardens after a while into an amorphous solid, 
<^ihibits a neutral reaction, and is insoluble in water but soluble in alcohol, is probably 
trichloromelaniline, (Hofmann.) 

biNioDOMELANiLiNE. C'^H^I'N*. (Hofmann, Ann. Ch. Pharm. Ixvii. 152; Chem. 

Qu. J. i. 303.) — ^When chloride of cyanogen is passed through an ethereal solution 
t>f iodaniline, a crystalline precipitate of hydrochlorate of iodaniline is tot formed, but 
« the passage of the gas be continued, the crystals disappear and the entire mass changes 
'“to a transparent resin of hydrochlorato of diniodomelaniline, which slowly becomes 
^stalline. From this compound, potash throws down the base in the form of a white 
t^y» 'w^hich crystallises indistinctly from alcohol. 

The hydroemoraK dissedves sparingly in water and separates from the boiling solu- 
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tion on cooling in oily drops, wbich very slowly change into white crystaUine stair 
The chloroj>latinate is not very crystalline. ^ 

Dinitbomblanilinb. C**H*'N*0* = C**H>‘(NO*)®N*. (Hofmann, Ann Ch 
Pharm. Jxvii. 156; Chem. Soc. Qu. J. i. 305.)--This base, like other nitro-derivativ 
of aniline, is susceptible of two isomeric modifications: a. produced by the action S 
chloride of cyanogen on o-nitraniline ; by the action of fuming nitric acid on mel. 
aniline. The two modifications closely resemble one another in physical and cliemicj 
properties ; but when distilled with potash, the former yields a-, the latter fi-nitrauiline 

Preparation of a-nitromelaniline. — Gaseous chloride of cyanogen is passed tlirouijii 
a solution of a-nitraniline till the ether is nearly evapoAted ; the remaining crystalline 

mixture of undecoraposed nitraniline, hydrochlorate of dinitromolanil ine, and indifl’erent 

yellowish needles, is heated, with gradual addition of water, till the mass, which iit 
first melts into a brown oil, is almost entirely dissolved ; the liquid is cooled till the 
yellowish needles separate ; the colourless filtrate containing hydrochlorate of dinitro- 
melaniline is mixed with ammonia, which thrcjws down the dinitromelaniline, as a 
quickly crystallising sulphur-yellow mass ; and this precipitate is freed from uitran- 
iline, with which it is generally mixed, by boiling with water. 

Properties. — Kitronudaniline precipitated by ammonia or potash forms a scaly crys- 
talline mass, of a much paler yellow colour than nitraniline ; when precipitated from 
alcohol by water, it forms a goldeui -yellow crystalline mass, and short flat microscopic 
needles; from ether by spontaneous evaporation it crystallises in larger needles, li is 
insoluble in water even at the boiling heat, sparingly soluble in alcohol^ still loss in 
ether. When heated, it gives off a yellow vapour which condenses in brown oily 
drops chiefly consisting of nitraniline, and gradually crystallising, and leaves a brown 
resinous inass. 

Hydrochlorate of Dinitromelaniline ^ C‘*H**(NO'^)‘N*.HCl, crystallises in flat shining 
needles, sparingly soluble in water. The chloroplatinate^ 2[C‘*ii“(l»iO'')-N*.HCl]TtCl^, 
is a yellow crystalline precipitate which is sparingly soluble in water and alcohol, 
insoluble in ether, and burns with a slight deflagration when heated. The nitrate 
is sparingly soluble. The oxalate forms easily soluble crystalline grains. The sulphate 
forms white crusts which dissolve easily in water. 

Oloyanomelanlllne. C‘*H**N* == C**H'*N®.Cy*. (Hofmann, Ann. Ch. Pharm. 
Ixxvii. 100 ; Ixxiv. 1). — A saturated solution of melanilirio in cold alcohol absorbs a 
large quantity of cyanogen, and if the liquid be then loft to itself in a closed vessel for 
aome hours, solidifies to a crystalline pulp which may bo purified by washing ivith 
alcohol and recrybtallisation from boiling alcohol. 

The pr<xluct is dicyanomolaniline ; it forms yellowish needles not volatile without 
decomposition ; when heated it gives off aniline and cyanide of ammonium, and leaves 
a resinous residue which chars at higher temperature. 

Dicyanomolaniline dissolves in cold dilut/O acids, and if x>otash or ammonia he im- 
mediately added to the solution, the dicyanomelauiline separates out unaltered; but it 
decomposes by prolonged contact with acids, so that it does not easily yield salts. It^J 
solution in hydrochloric acid becomes turbid in a few minutes, and deposits a yellowish 
confusedly crystalline mass of melanoximide (p. 286) the mother-liquor retaining sai- 
ammoniac in solution : 

+ 2IPO = + 2NH*. 

Dicyiinomel- Melanoximide. 

aniline. 

Cm Pbenyltrlamlnes. 


These are bases derivable from a triple molecule of ammonia, H®N*, by the substitu- 
tion of one or more atoms of phenyl for an equal number of liydrogen-atoms, and of ft 
polyatomic radicle for a number of hydrogen-atoms corresponding to its atomicity. At 
.present, however, there is but a small number of compounds known which can be 
referred to this class. 


) 

1. CarhotHphmyUHamine, C'®H‘W « (C»H*)»>N*. (Hofmann, Plfoc. Roy. Soc. 

H* ) 

ix. 284.) — This base is produced by the action of tetrachloride of carbon on aniline'. 

niv > 


3(C«H*.mN) -1- CCl® 


) 

(C^H®)^ 
H* I 


N* + 4HC1. 
ON } 


ON 1 . ^ 

ItmigbtalBohe formulated 08 cyano-iriphmyl-diamine but iti 

H* 3 


formation shows it rather to be a triamine. 
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^ffna/rctUM, ^Anilino and tatrachlorida of carbon do not act upon one another at 
^naiy temperatUMS, and but very slowly a,t 100°; but when a mixture of 3* pts. 
juiline and I pt- of the totnich^nde, both in the anhydrous state, is hoatcd to 170® 
jji sealed tubes for about thirty hours, the liquid is convtirted into a black mass which 
j^^iheres firmly to the sides of the tubes and is a mixture of several bodies. Water 
Jissolves a portion of it, leaving a more or less solid resin, and the aqueous solution 
yields, on addition of potash, an oily precipitate containing a considerable portion of 
unchanged aniline. On boiling this precipitate with dilute potash in a retort, the 
aniline distils over, while a viscid ma^ remains behind which gradually solidifies with 
a structure. Walidiing with cold alcohol and two or three crystallisations 

fwm boiling alcohol render tliis body perfectly white and pure, wliile a very soluble 
jjttbstance of a splendid crimson colour remains in solution. The portion of the black 
mass which is insoluble in water dissolves almost entirely in dilute hydrochloric acid, 
from which solution it is precipitated by alkalis, as an amorphous pink or dingy- 
coloured precipitiite soluble with rich crimson colour in alcohol. The greater part of 
this body consists of the same colouring principle that accompanies the white crystal- 
line substance. Considerable quantities of this crystalline body are also occasionally 
present in the product insoluble in water. 

The ciystalline substance is carbotri phenyl-triamine. It is insoluble in 
water, difficultly soluble in alcohol, soluble in ether. From the hot alcoholic solution 
it crystallises slowly on cooling in elongated four-sided plates often grouped round a 
common centre. It dissolves freely in acids, from which it is thrown down by alkalis 
aa a dazzling white precipitate. The hydrochlorate, C**H"N*.HC1, and the chloro- 
flatmate, 2(C*®II*'N®.HCl).PtCl*, are extremely soluble in excess of hydrochloric acid. 

C" ^ 

2. Molaniline, may be regarded as carbo-diphenyl-triamine (C‘*H*)*In* 

j 

but the mode of formation renders it more probable that this body really consists of 
CN ) ^ J 

cyano-diphenyl-diamine, (see p. 461). 

H* 3 

3. Rosaniline, and some of the colouring matters derived from it are 

probably also triamines ; but their rational formulae still remain to be determined. 


Appendix to Phenylamines. 

Aniline-dyes. 

The colorific tendencies of aniline have long been known. The violet-blue reaction 
with chloride of lime, which is the ordinary laboratory test for aniline, was discovered 
by Runge in 1835. Some years afterwards, Fritz sc he showed that aniline treated 
with aqueous chromic acid yields a blackish-blue precipitate. B e i s s e n li i r t z in 1 853 
noticed the blue colour resulting from admixture of aniline with strong sulphuric acid 
and acid chromate of potassium ; and the substance producing this blue coloration was 
isobitod in 1856 by Mr. W. H. Perkin, who showed that it is a colouring matter 
caj)ablo of being fixed upon fabrics, and thus laid the foundation of the vast industry 
of aniline colours. Soon afterwards reds of various shades wore obtained on the munu- 
lacturing scale by heating aniline with tetrachloride of tin, arsenic acid and various 
ttotallic salts, and a great number of other dyes, yellow, green, blue, violet, &c., have 
been obtained either by treating anilino-red with various reagents, or as secondary 
products in its preparation. A few have also been obtained by other processes. 

Aniline-blaok. Blacks of great intensity are produced on calico by printing with a 
fixture of aniline, chlorate of potassium and a metallic salt. In 1863 Mr. Li g h t f o o t of 
Acenngtou patented in France a method of producing aniline-black by printing with 
a mixture of 26 grms. chlorate of potassium, 50 grms. aniline, 50 grms. hydrochlorie 
50 grms, cupric chloride, 26 grms. sal-ammoniac, 12 grms. acetic acid, and 1 
itre of starch-paste, then exposing the cloth to the air for two days, and fixing tho 
colour with an alkali. The black thus produced is very good and durable, but tho 
process has not been much used, because the large quantity of copper in tho mixture 
8 round to corrode the steel scrapers or “ doctors '' of the printing machine, and more- 
ver the large quantity of acid in the aniline-salt and in tho copper-salt, causes a rapid 
<iestructiou of the vegetable fibre. 

b(* methods of obviating these defects have been proposed ; the best appears to 

' ^ I'auth, which consists in replacing the soluble copper-salt by an insoluble 

ropound, the sulphide for example. This compound, when printed together with the 
Wtassium and hydrochlorate of aniline, is gradually oxidised by the action of 
Aypochlorous acid or ^ chlorine (set free by the mutual action of tho salts just 

hh 
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mentioned) and converted into sulphate, so that a mixture is formed similar to that 
used in Lightfoot’s process. As however there is no excess of soluble copper salt, or of 
acid present, no corrosion of the scrapers or rollers, or destruction of the vegetable 
fibre need be feared. 

Aniline-black thus produced has a very deep colour and rich velvety aspect. It 
said to be very fast, quite insoluble in water, boiling soap-ley, alkalis and acids. The 
letter turn it green, but alkalis restore the original tint. Acid chromate of potasKium 
"deepens the colour ; hut a strong solution makes it, slightly rusty. It is destroyed by 
a strong solution of chloride of lime, but reappears after some time with its origimil 
depth. The colour is capable of withstanding all the processes employed for the pro- 
duction of rose and rod madder colours. (Bull. Soc. Cliim. [2] ii. 416.) 

Anlllne-blue. Blue colouring matters are produced from aniline under the 
influence of various reagents, as by chlorate of iK.)tassium and hydrochloric aeitl, 
chlorous acid, peroxide of hydrogen (Lauth), ferric chloride, ferricyanide of ptiis- 
sium (E. Kopp, Examm chs Matihrvs colorantcs artijicidles, p. 68), liydrocliloric achl 
and peroxide of manganese, f(Tric nitrate and hydrochloric acid (Sch eii rer-Kes trier, 
p. 66). Products of this kind have been more especially studied by Calvert, 
Lowe, and Clift, wlio have described them under tho name of a z urine. 

A much finer and more permanent blue, nowdesiginitcd especially as anilin e-bl ne, 
is obtained by heating a salt of rosaniline (aniline-red) with excess of aniline. Tliin 
colouring matter has the composition of tripheiiyl-rosaniliuo, C“®II''*(C®n*) 'N^ und will 
be described as a derivative of rosaniline (p. 472). 

Aniline-brown. A brown aniline dye, pattmted by G. Do Lai re (London 
Journal of Arts, Dec. 186J1), is obtained hy heating 1 pt. of fused aniline-blue with 
4 pts. of anhytlrous hydroelilorate of aniline to 240° for several hours. It is solatia 
in water, alcohol and acids, jind is precipitated from the aqueous solution by salts. 

The same dye is obtained by treating arsenate of aniline with the hydrochlorate 
(London Journal of Arts, Dec. 1863; Bull. Soc. Chini. [2] ii. 240). 

Aniline-green or Smeraldine. Almost all the blue substances produced from 
aniline by the action of hypochlorous acid, and the other rcagcuits above mentionod, 
become green when treated with acids, and blue again under the inflnonco of alkalis, 
A very fine bright green is produced on cotton by printing with acid hydroelilorate of 
aniline on fabrics prepared with chlorate of potas.sium. Tlii.s is called e mo nil dine. 
By subsequently passing the cloth through a solution of acid chromate of potassium, tlw 
colour is changed to the deep indigo-blue called a z u r i n o. (Calvert.) 

Aniline-purple or lHauvo, also called AnilcinCylndisim’, Ehmavinne, Vu>line, Rosa- 
line, Tyraline. This is t he dye discovered by Perk i n and patented by him in 18o6 (No, 
1984, Aug. 26), To pre|)aro it, a cold dilute solution of tho sulphate (or any other 
salt) of commercial aniline is mixed with a solution, also cold and dilute, of acid chro- 
mate of potassium (bichromate of potjisli), the mixture being well stirred and left to 
itself for ten or twelve hours. A black precipitate is then produced which is collected 
on a filter, washed with cold water, dried, and digested with light coal-tar oil, which 
dissolves out a black tarry substance. Tlie residue is again dried and digested with 
alcohol, wood-spirit, or any other liquid capable of dissolving the colouring matter; 
and the clear solution is separated by filtration or decantation, and distilled to recover 
the alcohol or wood-spirit. The residue then remaining is aniline-purple. 

On the large scale this process has been variously modifhnl by different manu- 
fecturers. Some complete the operation of mixing in a few minutes ; others prolong it 
even to thirty -six hours. Many again find it convenient to employ the solution rather 
warm and concentrated, the tcraperature and degree of concentration depending 
on the quantities employed. Hyclrochlorato of aniline, obtained by dissohnng nnilmi- 
in commercial hydrochloric acid, is also frequently used. The sulphate is employed m 
a state of paste, as produced by treating aniline with oil of vitriol diluted with a very 
little water. The following proportions are recommended by Schourer-Kestner. 
one kilogramme of aniline, a concentrated solution of from 800 to 1200 grami^s ot 
dichromate of potassium, and 500 grammes of sulphuric acid of sp. gr. 1*84 (60° Bin.). 

The purification also is often differently conducted, more especially with the view <> 
avoiding the use of expensive solvents. The black precipitate, after washing w'lth co 
■water, is exhausted by prolonged ebullition with large quan;fities of water (sometime 
acidulated with from 1 tc 2 per cent, of acetic acid), whereby the colouring .} 

dissolved. The filtered solutions are concentrated as much as possible, 
boiling are precipitated by caustic soda; tho precipitate is washed on a filter 
alkaline solution, to remove the excess of potassic chromate together with 
colouring matter which affects the brilliancy of the purple, then treated with co 
water till the alkali is removed and the washings have become coloured ; and tne p ^ 
cipitate is allowed to drain, whereby the aniline-purple is obtained in the loim 
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Tiastc. often the extraction boiling water and precipitation by caustic soda 

iro repeated in order to obtain the colour in a pure state. The solution of the paste 
ill iiicohol, wood-spirit or methylated sppit yields on evaporation a residue of a resinous 
anpoarant'e, exhibiting a peculiar metallic lustre, rt'calling at once that of gold and that 
copper, it is soluble in water, more soluble in acetic acid, and the alcohols, and 
possesses extraordinary tinctorial powers. 

Aniline-purple may also be obtained by the following processes : a. Oxidation of ^ 
cold dilute solution of hydrochlorate of aniline by a dilule solution of chloride of lime 
(Ijulley, Beale and Kirkham). The aniline is thereby con vei-ted into a black j)itch- 
[ike mass, the weight of which is not more than ont>- tenth of the quantity of aniline 
employed- Ihis mass contains (a) aniline-pnr[»le ; (6) a brown colouring matter sol- 
uble in alkaline liquids, and (c) a resinous substance soluble in alcohol, etlier and sul- 
phide of carbon. The aniline-purple is extracted by water ; it is more difficult of 
purification than the compound pr<q>ared by Perkin’s method. The cliloride of lime 
Process is more ecouoniuml, but t he colour of tlie produ(!t is less beautiful and of ared- 

i, r tint than the preceding. — Oxidation of a salt of iiiiiline in aqueous solution by 
peroxide of manganese, or by peroxide of lead (D. S. Price) under the influence of an 
icid.— 7- Oxidation of an aniline salt by a solution of potassic permangniiatu (Ore villo 
Williarns), or of fcrrieyaiiide of potas.sium (It. Smith). — S, Oxidation of a salt of 
iiiiliiie in aqueous solution by friu‘ cldoriiic or fret; hypochlorous acid (11. Smith), or 
;,v the double chloride of copp<‘r and sodium (Dale and C aro).* Of all these processc^s 

ii. j.so only have attained industrial importance in which chromate of potassium, clilo- 
\ii(' of i)Otassmm, ehloridc of lime, and chloride of copper are employed. 

Aniline-purple prepared by Perkin's process is the sulphate of a base called Man - 
•cine, having the composition C-'Ur-^'N^ (Perkin, Ann. Ch. Pliarm. exxxii. 201). 
.)n adding caustic potasli to a solution of Iho commercial crystallised product, the 
‘olour changes irnmediatidy from purple to bluish-violet, and on standing, th<‘ mauveino 
iojiarates as a crystalline body whieh, after washing w'ith alcohol and then with water, 
ippcars as a nearly black glistening sul)stance not unlike specular iron ore. It dis- 
olvcs in alco/iol, form ing a violet solution, which on addition of acids imnndiately 
.sKUincjs a purple colour. It is insoluble or nearly so in et her and in benzene. It is a 
vry stable compound and decomposes ammonium-salts witli facility. When strongly 
a fifed, it decomp)ose.s, giving oft' a basic oil, which does not appear to be aniline. 

Aci-latc of Mauveine is obtained by dissolving the base in boiling alcohol and acetic 
lid; it crystallises as the liquid cools, and may be purified by recrystallising it once 
ir twice. It is a beautiful compound having a green mct:illic lustre. 

Carbonate of Manvtine, — Solutions of m an veiiie quickly absorb car- 

foiiic acid from the air, the colour clianging from violet to purple, d’o prepare the 
iirbonate, carbonic acid gas is passed through hoiling alcohol containing mauveine 
n tiuspension ; on leaving the liquid to itself, the carbonate separates in prisms having 
gi'ci’ii metallic reflex. On boiling its solution, part of the carbonic acid oseapi's, the 
iquidat tlie saiiio time assuming the violet colour of the free base. In the dry state 
be salt decomposes very quickly, and at it gives off the whole of its carbonic 

cid and acquires a dark olive-brown colour. By analysis it was found to contain 8*8 
'iT cent. C(.)-, which is intermediate between the composition of a n<mtral carbonate 
requiring 5-1 per cent., and that of an acid carbonate 
cquipiiig 9-1 per cent. CO'-'. 

Mydriodatc of Mativcine^ '.HI, crystallises in prisms having a green metallic 

; l(!ss soluble than the following salt. In preparing it from the free base it is 
fvessary to use colourless hydriodic acid, as free iodine would decompose it. 
Hydrofn'omate of Maiimine^ — Prepared like the hy drochlorate, which 

t resembles, excepting tliat it is less soluble. 

^hdrocldorateof Mauviine^ •.HCl, is obtained by direct combination of the acid 

. base, and separates from Tin alcoholic solution prepared at tlie boiling heat in small 
rLsnis, often grouped in tufts and having a strong green metallic lustre. It i.s moderately 
?. 7 u. * '^'^h'ohol, less soluble in water, and nearlyiiisoluble in ether. The chluro-anratet 
^''^/-IlCl.AiiCP, prepared by mixing the alcoholic solutions of the hydrochlorate 
nd auric chloride, separates as a crystalline precipitate wliich is much Je.ss lustrous 
die platinum-salt, and appears to lose a portion of its gold when recrystallised, 
file chloroplatinate^ 2(C*^fr*N\HCl).PtCP, prepared like the gold-salt, separates 
I'om cold solutions as a green crystalline powder ; from moderately warm solutions in 
^uier large crystals. It possesses the ^een lustre of the hydrochlorate, but when dry 
iis more of a gold colour. It is very slightly soluble in alcohol. 

of Mauveine^ 2C®’H*‘N^SH'*0*. — This salt is the original aniline-purple 
4med by treating aniline with acid chromate of potassium and sulphuric acid. 

nih dales of the SpeciAcations of these and other patented processes for the preparation of 

ae coioyrg^ 5 ^.^. tiofwtnn** Report. 
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Bospoeting th© mctho<1s of dyeing with aniline-pnrple, see Dtbxnq (ii. 357^ . 
Hoffiutnn's Newport f p. 1124. ' ’ 

ilnlline Xted or Rosanlline 1 also called Roaeine, Ftichsinc, Azaleine, Maaent 
Sol/erino, &c. — It has been known for some years that aniline, when subjected ^ 
action of various reagents, is capable of yielding products of a deep red colour'* 
The production of this red colour by the action of strong nitric acid on aniline w * 
observed by Hofmann in 1843, and about the same time by Zinin. Hofman^** 
also found that a dark red liquid is produced on mixing sulphate of aniline with ferric 
sulphate; and Natansonin 1856 observed a red substance among the proclucts oftho 
action of Dutch liquid upon aniline. But it was only in 1858 that the formation of a 
crimson colouring principle and some of its characteristic properties were first dofi, 
nitely pointed out by Hofmann, who, in studying the action of tetrachloride of carbon 
upon aniline, observed and described the formation of a basic substance which, when 
dissolved in alcohol, imparts to this liquid a magnificent crimson colour (see p. 466)* 
Since that time aniline-reds have been produced by t)*eating aniline with a great 
variety of reagents, the most important of which are tetrachloride of tin, arsenic acid 
nitric acid, mercuric nitrate and ferric chloride. Patents have also been taken out for 
the preparation of these cx>lours by the ebullition of aniline with stannous, mercurous 
and mercuric sulphates; with ferric, uraniej argentic and plumbic nitrates; with 
stannic and mercuric bromides ; with iodine, stannic iodide and iodoform; with mercuric 
chlorate, bromate and iodate; and with pentaehloride of antimony; also by the action of 
antimonic oxide, peroxide of bismuth, stannic, ferric, mercuric and cupric oxides on hy- 
drochlorate or sulphate of aniline at the temperature of 180®. The greater number of 
these processes, however, are of but little value ; we proceed to describe those wliicli 
are actually practised on the manufacturing scale. 

1. Preparation of Aniline-red by TelroAihloride of TVw. — This process, discovend 
by Messrs. Verguin and Renard, of Lyons, was the first by which aniline-red 
was prepared for industrial use. A mixture of 10 pts. aniline and 6 to 7 pts. 
tetrachloride of tin, either anhydrous or hydrated, is heated to ebullition for fifLceii or 
twenty minutes, the liquid becoming at first yellow, then red, and being ultimately 
converted into a nearly black mass. The mixture is left to cool and then treated with 
a large quantity of boiling water, which acquires a magiiificent red colour, and without 
any fiirtner preparation, forms a splendid dye-bath for silk and wool. It is found better, 
however, to precipitate the colouring matter by partially saturating the concentrated 
liquid with carbonate of sodium, and adding common salt. The aniline-red is then pre- 
cipitated in the solid state, and lias only to bo dissolved in water, alcohol, or acetic acid 
to prepare a dye-bath for imbuing silk and wool with the most beautiful roseate tints. 

Anhydrous mercuric, ferric or cupric chloride may bo used in the preparation instead 
of the stannic chloride. 

2. Preparation of Aniline-red with Arsenic Acid, — This process, which is one of the 

best, was discovered by Medio ck. It consists in combining arsenic acid with a slight 
excess of aniline, and heating the-crystalline mass over aslowfire to about 120 — 140°, care 
being taken not to exceed 160°. The proportions recommended are 12 pts. of the dry 
acid of commerce (which is chiefly a dihydrat© containing 13*6 per cent, water) to 10 
pts. of aniline, with or without the addition of water. The operation, according to the 
scale on which it is carried out, requires from four to nine hours for completion. A 
perfectly homogeneous fluid mass is thus obtained, which on cooling solidifies to a hard 
substance with metallic bronze-coloured lustre. When dissolved in boiling water it 
produces a solution of great richness and purity of colour. From this solution the 
colouring matter may be precipitated almost free from arsenic by addition of a slight 
excess of soda. The precipitate is collected on filters, washed with a little cold water, 
and redissolved in acetic acid. . , 

3. With Mercuric Nitrate, (Gerber-Keller’s process.) — 7 or 8 pts. of pulvenseo 

mercuric nitrate are gradually added, with constant stirring, to 10 pts. of anihne heated 
in a water-bath (too high a temperature might cause a violent and explosive reaction), 
The operation lasts eight or nine hours, at the end of which time the mass becomes of a 
magnificent violet-red colour. This constitutes the azaleineof commerce. Themer 
cury is reduced during the process to the metallic state, and may be used again loi 
the preparation of the nitrate. . , 

4. With Nitric Acid, (Lauth and Depouilly^s process.) — ^This process ong 
more properly to be called treatment of nitrate. of anilme with aniline, as 

the auiline to be in excess. The mixture is heated to about 150° or 160°, care being 
to remove the heat as soon as the reaction becomes at all lively. After several 
a mass is obtained of a fine violot-red colour, which may be sent into commerce aa soo 

• ThU mode of producing anf line-red haa not actually been carried out in practice ; 
ef the Soeidtf industrietle de Mulhottee have reported favourably ou the poaalbllity of perlbnamS ^ 
UMakatly on the manufacturing ecale* 
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gg it has been treated with a small quantity of carlx>nat6 of sodium dissolved in 
water* and precipitated by addition of common salt. This process gives good results 
osrxjcially ‘511 the small scale ; but when large quantities are operated on, it is often 
difficult to regulate the action, and combustion and deflagration ensue, which of course 

destroy the entire product. 

Tlie aniline-rod obtained by the action of nitric acid or mercuric nitrate has a more 
yiolet tint than that prepared by moans of the anhydrous chlorides. 

5. Direct production of Aniline-red from Nitrohmsenc. — Nitrobenzene is treated 
^ith a luixturo of iron and hydrochloric acid, or with ferrous clilorido, wliereby it is 
converted into aniline, '^th formation of ferric chloride (p. 420). On heating the 
mixture, the ferric chloride reacts upon tlic3 aniline thus produced, converting it into 
auiliiic-red. Messrs. Laurent and. Castholaz, to whom this process is due, give the 
name of erythrohe^ol to the colouring matter thus obtained ; but it probably consista 
mainly of rosaniline. 

Purijicaiion oj Aniline-red. — The crude colours obtained by the preceding processes 
gtill contain undecomposed aniline, chiefly in tho form of salts, together with tarry 
matters, some insoluble in water and dilute acids, otliers soluble in sulphide of carbon, 
naphtha, or in caustic or carbonated alkalis. On boiling the crude red with excess of 
alkali, the undecomposed aniline is expelled, tho acid which exists in the product 
being fixed by the alkali, while very little of the colouring matter dissolves. On treat- 
ing the slightly washed residue with boiling water acidulated with a mineral acid, the 
rrttl is dissolved, while certain tarry matters remain insoluble ; and if the boiling solu- 
tion be filtered and saturated with an alkali, the colouring matter is precipitated 
toh*riii)ly ])ure. The precipitation may bo hastened by dissolving common salt in the 
taturutod solution. By once more redissolving tho precipitated red in an acid, not 
employed in excess, a solution is obtained which frequently crystallises, or from which 
the pure' red may be thrown down by a new addition of chloride of sodium or other 
alkaline salt. 

In Franco the hydrochlorate, in England the acetate, of aniline-red is generally used 

in dyeing. 

Composition and Formation of Aniline-red. — Hofmann has shown that all the varieties 
of anib‘ne-red are salts of an organic base which he designates as rosaniline. This 
base is a triamine, capable of uniting with one or three (probably also with 

two) atoms of acid. Moreover tliree of its hydrogen-atoms may be replaced by alcohol- 
radicles, namely methyl, ethyl, amyl, phenyl, and tolyl or benzyl, producing blue and 
vi(jb*t dyes. Further than this, its rational constitution has not been distinctly made out. 
Neither is its mode of formation thoroughly understood ; but one very important fact has 
be. n brought to light by the researches of Hofmann, and confirmed by the experience of 
manufacturers, namely that pure aniline, from whatever source it may be obtained, is 
incapable of furnishing anilino-rod. Commercial aniline prepared from coal-tar always 
in fact contains toluidine (beuzylamine, C'H®N) as well as phenylaniine ; and Ilofmanu 
has shown that the presence of this base together with aniline is essential to the 
formation of the red (fye, Toluidine by itself is just as incapable of yielding tho red 
as pure aniline, but when a mixture of pure aniline and pure toluidine is treahui with 
BUnuic or mercuric chloride, or with arsenic acid, the red colouring matter is immedi- 
ately produced. Its formation may perhaps be represented by the equation : 

C«H"N + 2C’H»N - 

Aniline. Toluidine. RoBuniline. 

? 

8ua its constitution by tho formula /■N®, containing the diatomic radicles 

H® > 

phenylene and tolylene or benzylene. (Hofmann, Proc. Roy. Soc. 485.) 

Sehiff (Ann. Ch. Pharm. clxxv. 360; cxxvii 337) has endeavoured to show that 
Ihe fomation of aniline-red depends upon the previous formation of certain compounds 
w aniline with metallic salts, and the subsequent decomposition of those compounds, 
and he gives a general equation by which he supposes this decomposition to be repre- 
sented; but this theory is manifestly erroneous, inasmuch as it takes no cognisance of 
^ , .®®s®ntial fact that the formation of the red dye depends upon the presence of 
tolmdine as well as of aniline. 

Rosaniline when separated from the solution of its salts by precipitation with an 
alkali exhibits the composition, 

C*®H*»N®0 - Ca»H‘®N“.H*0. 

^n mixing the boiling solution of the acetate with a large excess of ammonia, a rose-red 
somewhat crystalline precipitate is formed, consisting of the hydrate in a tolerably pure 
and the colourless liquid Altered from this precipitate while boiling, deposits on 
white needles and plates of the perfectly pure hydrate. 
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Rosaniline is nearly insoluble in wat^^ slightly soluble in ammonia^ more soluble ‘ 
elcohol^ with deep red colour, insoluble in ether. When exposed to the air, it rapid]* 
becomes rose-coloured and ultimately of a deep red, probably in consequence of th^ 
formation of a carbonate. * 

Rosaniline is a rather powerful base, forming, as already observed, mono-acid and 
triacid salts, almost all of which are remarkable for their beauty and the facility with 
which they crystallise. They may be prepared either by direct union of the acid with 
the free base, or by boiling the ammonium-salts of the several acids with excess of the 
base. 

The mono-add salts exhibit for the most part by reflected light, the lustrous metallic 
green of the wings of the rose-beotl®^ in transmitted light the crystals are red, becom- 
ing opaque wluui they acquire certain dimensions. The solutions of these salts in 
water or alcohol possess the magnificent crimson colour which characterises rosaniline 
compounds. According to C h e v re ul (Cornpt. rend. liii. 981) the green colour refloct<‘d 
I from the crystals of tliesn salts is exactly complemcut ary to the crimson colour whioh 
the solutions impart to wool and silk. The tri-acid salts of rosaniline are yellowish-brown 
both in the solid state iind in solution. They are much more soluble in water and 
alcohol than the mono-acid salts. 

The salts of rosaniline when treated with reducing agents, sulphide of ammonium for 
example, are converted into Icucaniline (iii. 574) : 

+ H* ^ C20H2IN8. 

Rosaniline. Leucaniline. 

Acetate of Rosaniline^ — This is perhaps the finest of all the 

rosaniline-salts, sometimes separating from large quantities of solution in crystals an 
inch in diameter. It is very soluble in water and alcohol, and does not crystalliso well 
from small quantities of solution. Tlie crystals when freshly prepared exhibit in a 
liigh degree the green rntdallic lustre already mentioned, but on protracted exposure to 
light, this colour disappears, the crystals as.siiuiing a dark ri*ddisli-brown tint. 

Hydroahlorates. — The mono-acid .salt, is deposited from its boiling 

solution in well-defined rhombic plates, frequently in stellar forms. It is but sparingly 
soluble in water, more soluble in alcohol, insoluble in ether. It retains a small quantity 
of water at 100^^, but becomes anhydrous at 1.30'^. Like most rosaniline-salts, it is 
very hygroscopic. Treated with zinc and hydrocldoric acid, it yields leucanilinc-. 

The tri-acid hydrochlorate, C^‘’IT'®N®.3HC1, is obtained by adding very strong hydro- 
chloric acid to a warm solution of the base in moderately strong acid. The whole then 
solidifies on cooling to a network of bt^autiful brown needles, wliich must bo wa, slu'd 
with strong hydrochloric acid and dried in a vacuum over lime and oil of vitriol, as 
water decomposes them, reproducing the mono-acid salt. The tri-acid siilt gives off 
part of its acid at 100®, the brown crystals becoming indigo-blue, and being ultimatoiy 
converted into the green crystals of the mono-acid salt. 

Both the hydrochlorates of rosaniline unite with tetrachloride of platinum, forming 
uncrystalli sable double salts which appear to contain 2(C‘^®H’®N*.HCl).rtCl* and 
2(C‘‘'®Il“'N®.3llCl).3PtCl‘‘ respectively. 

Hydrohromatc of Rosaniline, C*®H‘®N*.HBr, resembles the mono-acid hydrochloTate in 
every respect, but is even less soluble. The hydriodate^ C''^®H‘®N®.HI, forms green very 
soluble needles. 

Nitrate of Rosaniline, C‘®II*®N®.NHO®, obtained by dissolving the base in warm 
dilute nitric acid, forms small crystals resembling the other salts of rosaniline. 

The picrate or trinitrophenate, C®"EI'®N^.C®1T'*(N0'^)®0, crystallises in beautiful 
reddish needles, likewise very sparingly soluble in water. 

Sulphates. — The neutral salt, (C^®H'®N*;*H^SO* (at 130°), obtained by dissolving the 
base in dilute sulphuric acid, is dt'positcd in green crystals having a metallic lustre, 

Tannates. — Tannic acid added to an aqueous solution of rosaniline, either neutral 
or acid, throws down the whole of the rosaniline in the form of an insoluble tannate. 
The precipitate formed in cold diluto solutions has an intense carmine colour, like the 
carmine-lake of cochineal ; from warm conccntnitcd solutions it separates as a tenacioiH 
pitchy, red-brown mass. If the tannic acid is in excess, the solution retains a re* 
colour, indicating the formation of a more soluble (di- or tri-acid) salt. The neutra 
tannate is likewise formed when cloth mordanted or printed with tannic acid 
in a slightly acid solution of aniline-red. It dissolves in alcohol, wood-spirit and ace > 
acid with the deepest crimson colour ; in concentrated solutions of the stronger aci ^ 
with reddish-yellow colour, which however changes to red on addition of water, ^ 
the salt being at the same time precipitated ; by prolonged boiling with concentrat^ 
acids it is decomposed. Alkalis decolorise it, but the colour is restored by neutrans^^ 
tion with an acid. When tannate of rosaniline is triturated with three or four um- 
its weight of wood-spirit And the thickiah carmine-coloured mass is mixed with a qiw® ^ 
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of nitric or hydrochloric acid (or better with alcohol saturated with hydrochloric? acid), 
eaiial to to of the volume of the wood-spirit, the colour of the mixture — which 
up quickly if the trituration be continued — passes into violet and finally into blue, 
py (July regulating the prof)ortion of acid, any required shade of colour may be obtained, 
/s tlie«e bluo and violet colouring matters are nearly insoluble in water, they may be 
freed from adhering acid Ijy washing with water. For dyeing, they »ire dissolved iu 
alfohol or wood-spirit, and the solution is diluted with water. (E. Kopp, Jahresb. 
1862, p- 

])}/dn(f with Amlivp-red . — The salts of rosaniline chiefly einployod foj' dyeing silk 
and wool are the acetate, hydrochlorate and nitrate ; their application is very simple. 
Pilkis dyed by passing it through a cold aqueous-. solution of the salt; for tl'ie dyeing 
of wool the solution is heated to 50° or 60^0. llosaniline is precipitated from its 
solutions and fixed by silk and wool, with such ra])idity and force that it is necessary 
to operate with solutions corrijiaratividy weak at first and tnily gradually si reugthened ; 
otherwise the dye will be unequal, the portions first immersed being more strongly 
(■olonred than the rest. Cotton, on the other hand, has noattraetion for this colouring 
matter, and reijuires first to be treated with some animal Tuonlaiit, such as albumin, 
jjrepfired gliitin, casein, lactariii or gelatin, or with tannic acid, tln^ latter being used 
cither in its coTubinat ions with metallic oxides, as antimonic, stannic or plumbic, or as 
taniiate of gelatin, lujr some time, oily preparations were empdoyed, such as sulplio- 
mariraric or siilpholeie acid. 

When a stufi'whicli has been dyed with aniline-red is printed with a strong acid, 
it it decolorised, with formation of a yellowdsh stain in eonsequence of the conversion 
of the mono-acid salt of rosaniline into a tri-acid salt, which has l)ut little colour; hut 
on washing the material with water, the excess of acid is remoA’ed and the red colour ia 
rrstored. On printing with a powerful base, caustic soda for example, the red rosaniline 
salt is decomposed and colourless rosaniline is lil»crated, but when the soda is waslied 
out with water, the red cohjur reappears, tlu* rosaniline p>robal'ly becoming (rarbonatod. 
Ammonia likewise destroys the colour fur a time, but as the annrK)nia, escapes the red- 
coluration returns. If h<)w(iver the dyed fabric be left for some time in contact with 
wcfik aqueous ammonia, the rosaniline is for the most part dissolved out, and the 
colour is then no longer restored by rinsing with water. 

Derivatives of Dosaniline, 

Trietbyl-rosanlllne, This compound, which 

yields one of the varieties of aniline-violet, was discovered by H ofmann (Proe. Roy, 
Soc. xiii. 13; Bull. Soc. Chim. 1865, [ 1 ] 155), and is known in commenro as Hof- 
rttann^s violet. It is obtained by heating 1 pt. of rosaniline, 2 pts. iodide of ethyl, and 
about 2 pts. of strong alcohol to 100 ® for three or four hours, in a vessel capable of 
n.‘sisting a cinlain amount of piressure. The mixture is then lett to cool, and tlni syrupy 
violet mass is dissolved in alcohol orwmod spurit. The resulting solution ot liydriodate 
tjf triethyl-rosaivilino may be used for dyeing and pjriniing just like the other aniline 
dyes, liy using tlunn in this manner, however, tl 10 iodim;, which is a suhstancfyjf 
sonic value, is lost. It may be recovered by boiling the product, either before or atter 
Boliition in alcohol, with a caustic alkali, which precipitates the trietliyl-rosaniline, 
leaving the alkaline iodide in solution. From this solution tin; iodine may bt^ recovered 
ill the usual way, and employed for the pri'jiaration of a fresli quantity of et hylic iodiile. 
The triethyl-rosaniline is washed with watiT till all the soluble salts are removed, then 
dissolved in alcohol, containing hydrochloric acid, or in acetic acid more or less diluted 
with water, and this solution is used for dyeing and pjrinting. 

If the triethyl-rosaniline obtained as above be again treated with iodide of etliyl, 
and the scries of operations repeated two or three times, the ultimate p)roduct is an 
dh'/liodaie of trif th^l-rosanilmr^ C^^II^'N^.C^Il"!. 

Similar products are oVdained by trt^ating rosaniline with the iodide of methyl at 
100 ° or iodide of amyl at 150® — 160®. ^ - 4 . 

Othir varieties of Anilinoviolet . — By heating a salt of rosaniline with a quantity ot 
uniline less than sufficient to form aniline-blue, /•.//. equal parts of hydrochloratc 01 
rosaniline aud aniline to 180®, a violet colouring matter is pioduced, which was onpii- 
ully patented by MM. Girai-d ami Bo Liiire, and is known iii commerc^f as vndrt 
iotperial. It is likewise obtained together with aniline-blue, when a salt of rosanniiie 
is heated with excess of aniline (p. 472). Its composition has not been ascertained, 
hut it is perhaps a mixture of rosaniline and iripheiiyl-rusaniline, or a mono- or 
dil-dieuylic rosaniline. ^ j i* n 

Another aniline-violet has been obtained by Nicholson. It is fonned by carefully 
heating aniline-red to a temperature between 200® and 215®. Ammonia is then 

and a dark semi-solid mass is formed. This is exhausted witli acetic acid, and tno 
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deep Tiolet solution diluted with sufficient alcohol to give the dye a convenient streuetl 
for commercial purposes. ” 

Lastly, Perkin’s mauveine must be regarded aa a variety of aniline- violet; but & 
its salts have a purple colour, it is best to desij^ate this colouring matter as aniline 
purple, the name originally given to it by its discoverer. 

Triptaenyl-rosanllliie, C«H«N» - C"H‘«(C«H»)>N».— This base, the salts o: 
which form the spendid blue dye called aniline-blue, also “Bleu de Paris,” oi 
“•Bleu de Lyon,” was discovered by Girard and De Laire, and its constitution hat 
been determined by Hofmann (Proc. Eoy. Soc. xiii. 9). It is produced by heating a 
salt of rosaniline, or a mixtiure of substances capable of producing such a salt, with 
excess of aniline : e. 

C=»H>®N».HC1 + 3(C«H*H*.N) - C*>H'«(C«H'»)*N»HC1 + 3Nm 

Hydrochlorate of Aniline. Hydrochlorate of Tri- 

Rosaniline. phenyl-rosaniline. 

^ho time required varies with the quantity of material operated upon. If a mixture 
of 2 kilogrammes of liydrochlorate of rosaniline and 4 kilogrammes of aniline be em- 
ployed, the operation is complete in four hours. 

Several other colouring matters are however formed at the same time, among wliieh 
are a violet (violet imperial) and a green ; large quantities of ammonia are also given 
off. The crude blue is purified by treating it successively with boiling water acidulated 
with hydrochloric acid, and afterwards with pure water. 

Triphenyl-rosaniline is obtained on pouring a concentrated solution of the hydrochlorato 
in amraoniacal alcohol into water, as a white or greyish precipitate consistingofa hydrate, 
H'-'O. It shows a tendency to crystallise, but has not hitherto been obtained 
in distinct crystals. The alcoholic and ethereal solutions deposit it in the amorpljous 
state, even on spontaneous evaporation. It is very liable to change, gradually becom- 
ing blue during washing, and especially during drying, oven in vacuo. The vacuum- 
dry substance heated to 100°, assumes a deep brown colour which it retains on cooling; 
it likewise undergoes slight fiision also at that temperature, but does not lose weiglit. 

I'he salts of triphenyl-rosaniline aro prepared by treating the free base with acids. 
Only mono-acid salts have hitherto been obtained. The solutions treated with zinc and 
hydrochloric acid, or other reducing agents, are rapidly decolorised and converted ijito 
salts of tri phenyl -leu can i line, C*‘‘IP*N* (iii. 674). 

HydrochtoraU of Triphenyl-rosaniline^ C*’*H"'N*.HC1, is the aniline-blue obtained by 
the proce.ss above described. It is an indistinctly crystalline powder of a bluish-brovra 
colour becoming pure brown at 100®. It is perfectly insoluble in water whether cold 
or boiling, insoluble also in ether, hut dissolves, though with difficulty, in alcohol, 
forming a solntion of a splendid deep blue colour. 

From the boiling saturated alcoholic solution it is deposited on cooling in the form 
of imperfect crystalline granules. The same solution when evaporated leaves it ns a 
thin film, which reflects light with a peculiar metallic, half-golden, half-coppery lustre 
(Hofmann). It dissolves in strong sulphuric acid, and on digesting the solution for 
half an hour at 160° and then adding water, the blue colouring matter is precipitated 
in a modified state, having in fact become soluble in pure water. (Nicholson.) 

The hydrobromate, hydriodate^ nitrate and (C*"H*'N“)*H*SO^ have also been 

prepared. They resemble the hydrochlorate, but the nitrate is perhaps a little more, 
the sulphate a little less, soluble in alcohol. 

Various processes for the production of Aniline-blue. — Bosaniline-salts assume a 
permanent blue coloration when boiled with solutions of aldehydes (Lauth, Quesne 
vi lie’s Monit. Scient. [1863] iv. 338); or with crude wood-spirit (E. K opp, ibid. p. 332). 

Tannate of rosaniline appears to be especially inclined to this cliange. The 
nature of the blue colouring matter thus prodiiood is unknown, but it is probably 
identical with that produced by treating rosaniline with excess of aniline. The same 
remark applies toa blue dye described by Gros^Kenaud and Schaffer of Mulhouso 
(ibid. iii. 292) under the name of Mulhouse blue^ which is formed by boiling the solu- 
tion of a rosaniline salt (generally the nitrate) with a solution of gum-lac and carbon- 
ate of sodium. 

Tritoljl-roMiiiillne or Toimdlne-blae, C**H*^N* C*®H'*(C*H')"N* (Hof- 

mann, Ann. Ch. Fbarm. cxxxii. 290). — ^Produced by heating the acetate (or other 
salt) of rosaniline with twice its weight of toluidine (bcnzylamine). The reaction is 
precisely similar to that by which triphenyl-rosaniline is obtained * 

+ 3C»H*N « C«H«N* -f 3NHr. 

La^ quantities of ammonia are evolved, and a brown metallic-shining mass is 
which dissolves in alcohol with deep indigo colour. This product is acetate of tritolyi- 
xossniline. When . treated with alcoholic ammonia, and subsequently with water, it 
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Yields the base firom which various salts maybe prepared. These salts resemble 
(hose of triphenyl-rosanilme ; but they are more soluble and more difficult to crystal- 
The \ydrocKlorate crystallises from boiling alcohol in small blue crystals insolu* 
bip'in boiling water, and haying when dried at 100° the composition C«H”N».HC1. 

The salts of tritolyl-rosaniline when subjected to dry distillation, undergo a decom- 
position similar to that of the salts of triphenyl-rosaniline, yielding phenyl-tolyl- 

j'olyl-diphenyUTosaniliny C'*®H'®(C^H*)®(C’H.’)N*, appears to be obtained as a 
hydrate by heating phenyl-tolylamine with mercuric chloride. 

Aniline-yellow or CHryaanlllne, This colouring matter, which 

diffi'rs from rosaniline by containing 2 atoms of hydrogen less, is obtained as a bye- 
product in the preparation of ani line-red. When the residue from which the rosaniline 
has been extracted is submitted for some time to a current of steam, a quantity of 
chrysaniline passes into solution, and is precipitated in the form of a difficultly soluble 
nitrate on adding nitric acid to tliis solution. (Nicholson.) 

Chrysaniline in the free state is an amorphous yellow powder, like recently precipi- 
tated chromate of lead, nearly insoluble in water^ but dissolving readily in alcohol and 
in ether. It forms two series of crystalHsable salts, mono-acid and di-acid. 

The di-curid hydrochlorate, C^®H‘'N®.2HC1, is formed as a scaly precipitate on adding 
concentrated hydrochloric acid to a solution of the base in the dilute acid. It dissolves 
easily in water, less easily in alcohol, and not at all in ether. It forms a hydrate con- 
taining 1 atom of water. It does not lose weight between 100° and 120°, but when 
heated for a fortnight to 160° — 180° it is converted into a yellow crystalline powder 
of the neutral salt C‘‘*“H”N*.HCI, which is somewhat less soluble in water than the acid 
salt. It unites with tetrachloride of platinum, forming a chloroplatinate which crys- 
tallises from a dilute solution in large beautiful tablets. 

The nitrates of chrysaniline crystallise with the greatest facility in ruby-red neodlea 
which are so sparingly soluble in water that a solution of nitrate of potassium contain- 
ing only 1 grm. of nitric acid in a litre, immediately yields a crystalline precipitate 
on addition of a chrysanilino-salt The neutral nitrate, C*“H^^N*.NHO*, is obtained by 
boiling chrysaniline in excess with dilute nitric acid; and the solution of this salt 
mixed with cold eoncentmted nitric acid, yields the acid nitrate, C’'®Il*'N®.2NHO*, in 
crystals resembling ferri cyanide of potassium and decomposiblo by water. 

Sulphate of chrysaniline is easily soluble and difficult to crystallise. (Hofmann.) 

Chrysaniline and its salts dye silk and wool a splendid golden -yellow colour. 

Schiff (Ann.Ch. Phann. cxxvii. 342), by triturating aniline with 2 pts. of potassio 
aiitimonate or stannate, and supersaturating witlr hydrochloric acid, obtained a scarlet 
colouring matter soluble in ether-alcohol, and forming with hydrochloric acid a salt 
wliich crystallised from ether in lamiiun resembling cantharidos, and yielded with 
alkalis a deep yellow flocculent body capable of imparting a permanent yellow dye to 
silk and wool. 

PKSWYlbAJlIXIKOmiTlVIS. Compounds derivable from ammonium, Nil®, by the 
substitution of phenyl or derivatives of phenyl, &c., for equmilent quantities of hydrogen. 


1. Phenylammoniums containing only Alcohol-radicles. 


All the salts of aniline and its derivatives described in the preceding pages may be 
regarded either as compounds of ammonia-molecules with acids, or of ammonium-mdlB- 
culoB with salt-radicles : e. g. 


(C®H®)H"N.HC1 

Hyclrochlorate of 
plienylumiuc. 

(C®H®)(C'^H»)®N.HNO® 

Nitrate of diethyl- phenyl- 
amine. 


(C®H»)H»N.C1 

Chloride of pheiiyl- 
ammnniiim. 

(C®H®)(C*H®)*HN.NO® 

Nitrate of diethyl-pheiiyl- 
ammonium. 


(C®H®ClN)®.H^SO® = (C®H"ClN)*SO® 

Sulphate of chloro- Sulphate of chloro- 

pheiiylamine. phenylammonium. 

But there ar© certain compounds which cannot be formulated as compounds of phenyl- 
amines with acids, but must bo regarded either as phenylamines combined with com- 
poundGtlieP8(alcoholic sulphates, iodides, &c.), or else as salts of phenylammoniums: e.g, 
(C®H»)(C‘H»‘XC®H»)N.CH>I « (C®H®)(C»H")(C»1P)(CH*)N.I 

Methyl-iodatc of ethYl-amyto- Iodide nf metl.yl-ethyl amylo- 

phenylamiue. phenylammonium. 

latter view affords the best explanation of most of their reactions. 

The iodides of these phenylammoniums in which the whole of the hydrogen is 
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replaced by alcohol-radicles, are obtained by heating a tertiary phenvhm* 
alcoholic iodide in sealed tubes; thus diethylaniline '’n 

•iodide of ethyl, yields iodide of triethylo-phenylammonium. The iodides thi,?^k! 
when treated with moist oxide of silver, yield the corresponding hydrates ‘J . 
strong alkaline bases like hydrate of tetrethylammoniura (ii. 661) and cann f v 
tilled without decomposition; the hydrate treated with acids, yields various salt 
Triethylphenylammonium^ ^ 

Ch. Pharm. Ixxix. ii.y —Tho hydrate, C'*n®’N.H.O, forms a bitter alkalimT 
which when evaporated and distilled is resolved into water, ethylene, and d^ethyf 




11*0 + C«H® + (C«H®)(C=H^)»N. 


2C 11 NCl.I t Cl , IS a light-yellow amorxihoiis precipitate very slicrhtlv • ’ 

water, insoluble in alcohol and ether. ^ ^ 

^ The iodide is a crystalline mass obtained by heating a mixture of dietlivlaniUTiA 
iodide of ethyl in a sealed tube for two hours at the heat of the water-bath inl 
moving the excess of rthylic iodide or diethylaniline by distillation. ’ * ^ 

The sulphate, nitrate, and oxalate crystallise readily. 

Methyl~ethyl~amylo-phenyl~am7nonium, 0*^TP*N = ('C®lPVCIPvr 2 na\ 
The hydrate yields by distillation water, ethylene gas and methyl-amyl. 


(C«H®)(CH»)(C*IP)(C^H")N 


H 


»Jo . 


H*0 + C*H* + (C«H“)(CTP)(C»H")N. 


chloroplatinate, 2C‘^H*‘NCl.PtCP. is a light coloured nou-crystallino precipititf 
The obtained by heating cthyl-amylaniline with methylic iodide is crystalline iin.i 

soluble in water. (Hofmann, loc. cit.) ^ 

Ethyl-triphenylammoniumt = C*®H*®N = (C®H®)»(C*IP)N. (Seep. 454 ) 

2. Phenyl-ammoniums containing Metals. 

Aniline unites with several metallic salts, forming compounds which may be rogardod 
as salts either of metallo-phenylaminos or of metallo-phenylammoniums : thus witli 
mercuric clilonde it forms the compound 2C®H*N.Il£r"CP = C‘®H'2 H<t''N 2 2TTri 

C^'^H'^Hg N*.C1*. The general foimula of these compounds is ; 

MC“) ) ) 

wC«H*N.M(“)X- « (C®lP)»>N».wHX = (C«H»)->N» X»- 

H- ) H«-i ■ * 

in which M(“) denotes an w-atomic metal, and X a monatomic salt-radicle such as Cl, 
NO’, &c., X* being of course replaceable by X*, X® by Xt®), &c.<f 

- COMPOUNDS. Chloride of TriphemylHtihoniwm, 3C“II'N.SbCl’ 

j obtained by heating aniline with dry antimonious chloride, or by 

adding aniline to a solution of the chloride in benzene, as a white crystalline mass, 
which is soluble only in aniline and separates therefrom in slender needles. It is d('- 
cornposed by water, and is converted into a double salt by hydrochloric acid. It melts 

needles and is partially decomposed by distillation. 
(H. Sc hi ft, J. pr. Chem. Ixxxix. 226; Jahresb. 1863, p. 413 ) 

Iodide of Tnphmylstibonium, &c., Sb'"(C»H‘)»H»N»I», is produced in like manner (at 
100’— 120 ), and separates from the excess of aniline, in yellow needles which are do- 
composed by boiling with caustic alkalis, yielding aniline, antimonious oxide and iodide 
of potassium. 

AjiSENic-cojvrpouNn, Chloride of Triphenijlarso^iium,:iCm'>l^.A»CV A8'"(C«IP)’ 
H®N®C1®, obtained in like manner, is crystalline, melts at about 90®, and distils without 
decomposition between 205° and 210®. It is somewhat soluble in water, with Kcpani- 
scid. The corresponding is not altered either by cold water 

or by diluto sulphuric acid; but boiling alcohol docompo.ses it, yielding hydriodate of 
lodaniline, free aniline und brown flocks of proto-iodido of arsenic (Schiff, loc. cit.)' 
As(C«IP)®IT®N=»I® - C®H®IN.HI + 2C®H*N + Asl. 
Bismuth-compounds. Chloride of Triphmyl-bismuthoniwm, 3 C»H*N.BiCl* * 

•Itl u* formula Riven on page 428, Hn'ts erronronsly printed Instead of HP**; coriespondlng 
altfc.saion« are also required in the examples w hich follow u.i t he same |iage. 
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18 a fusible, indistinctly crystalline mass which is very slowly de- 
^sed by water, and turns violet when heated. 
cjrnpOj jjj^xed with aqueous chloride of bismuth forms a precipitate consisting of 
(Schiff.) 

Cadmiiim-compoiinds. Eesemblo the zinc-compounds {infra). 

roppBR-coMPOiTNi). Sulphate of PhmyUcuprammo7\iumy 2C'’n’^N.Cu"SO* » 

is obtained as a green crystalline precipitate on adding cupric 
to a solution of aniline. Boiling water decomposes it, snlpliate of aniline dis- 

- ■ 1 - deposited ((1 or li a rd t). Anilin-' 

. soon turns blade (11 ofmann). 


^ Y^inir and a basic sulphate of copper being deposited (derli a rd t). Aniline forms 

(lupn^ cldorido a similar precipitate which i ' 

Chltyride of Diphcnylmerciirammot^iimi, 2C‘^II^N.TIg"Cl* «=» 
H(r"(C‘dr‘)“H'N'’*Cl”'', sonudiines culled chlo/ouirrcurate of anilinr, is precipitated on 
; nKoreiiric eldoride to an exc(‘ss of ulcoliolie. aniline. It is a nMcreons precipitate 
' hii’irunist be collected on a filter and WMslied with a small quantity of alcohol. It 
'! viASolt*a small quantity of aiiilim* (‘ven at G()°, and turns yellowish (Gerha.rdt, 
^P-'iihc, iii- b6). According to Sc hiff, it doconqioses at 100'^, yielding aniline-red. and 
■i similar r(‘d product is obtained by lumting aniline with mercurous chloride to IftO®. 
iPrubably the aniline used contained toluidiue (see p. 409).] 

^ Another mercury-salt containing C>ni'Glg"N-CR 2lTg"Cl* or 2edI’N.3HgXl* rises 
to tli(* surface as a pasty mass when aniline is mixed with [excess of?] aqinons cor- 
mdve sublimate ; on mixing tho alcoholic solutions, it is precipitated in the form of a 
soft white powder, which soon becomes crystalline. It must be washed with water. 
Wlieii boiled wit.h water, it turns lemon-y<dlow, with evolution of a smiall quantity of 
aniline andpartial solution of tho salt, which crystallises out without alteration on cooling, 
ill a small quantity of hot hydrochloric acid it dissolves partially and melts into a 
heavy red oil; in a largo quantity completely, and yields white crystals on cooling. In 
(•old water it dissolves very sparingly; slightly also in boiling alcohol, from which it 
crystallises on cooling (Tlofma nii). Of tlio same composition also are probably the 
no* dies which Oerhardt obtained by further addition of corrosive sublimate to the aleo- 
holie liquid filtered from the preceding salb and which, when boiled with alcohol, 
yielded an orange-yellow residues and a dark yellow filtrate, from winch a mixture of 
colourless and orange-yellow crystals were d< ‘posit ed oii cool in g. 

■ ‘iC’^H^N.ITg'Cy- = 


Cyanide of Dip) 


ITg"(C«H»)*II<N*.Cy*, 


separates in' long needles on mixing aniline with a hot aqueous solution of mercuric 
oyiiiiide. It melts v(U‘y easily, and is easily resolved into aniline and cyanide of mer- 
ciirvatSO"'. It is not decomposed by alkalis. (Schiff.) ^ . 

I’hp corresponding iodidr. is obtain<4 by doiibh* decomposition, in yeUowish lamiLse, 
ami is converted into a red colouring matter at 100'^. (8chiff.) • * r ‘i* 

Tlie 7 iilrate IIg"(C*lP)"H^N^.2NOb is formed on mixing andme or nitrate ot aniline 
with mercuric’ nitrate, as a white precipitate wLiieli becomes crystalliiic in contact wit i 
dilute acids. ■When heated with water, it gives up nitrate of aniline, and is converted into 

wliite pulverulent nitrate of diphf nyl-dimrnmraminoniu^^^ Hg2(C«ir'');IPN®.2NO*.IPO, 
and this by the prolonged action of boiling water, is converted into 7 iUrateoJ diphenyl- 

IJg^(C“lI’*)']S-.2NOMl"0. (Schiff.) ♦ . „ 

Kitraie of' Phmyl-merciiritMiirmvyyiinm. llgi (Ml'’)lPN.NO , is forme y 
aniline with mercurous nitrale; it is crystalline and easily decomposib e. c u .) 

PALLAniuM-coMPOUND. C/iloriJe of Dirynyl-palladammooinm, Pd"(C“H=)ni*N-Cl*, 
is fotmod on addini; ixilhidious chloride, to water coiitainiiis |uuUne m suspension, as a 
light yellow cryslalliue precipitate, insolghlc in excess of anilme. A simdar precipitate 
is formed with palladions iodide. (Gerhardt.) ^ ^ _ 

Tw-coMPOONns. Chloride of Mphenyhtaunommmonmm, 
formed as a ,slightly soluble crystalline mass on mixing aniline and stannous tnionae 

strongly heating an intimate mixture of 2 at. aniline and 1 w ^ 

% dropping aniline into a solution of the tetrachloride in benzene. ■ - • j When 

line powder which is decomposed by water with separation o s ^ / g.xjjf 

heated even in a stream of diy carbonic anhydride, it is resolved, according to Schilt, 
into aniline, ammonia and rosaniliue? (see p. 469). i. i 

-Chloride of Biphe7iyl-stncarrmo7iiit7rif/jri _ resolved by 

lises in oblique rhombic prisms easify soluble in water and in 

prolonged boiling into anilino and chloride of ante- The and 

crystalline salt. The bromide and iodide resembles the chloride in co po 
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properties. Tho sulphate, Zn"(C«H»)»H*N» SO«, is mol^ soluble and serves fo* * 1 , 
preparation of the preceding salts by double decomposition. (Schif £) ^ 

FBairn-AMnN C«>H« * (Tollens and Fittie Ann rxu 

Pharm. cxxxi. 313.)— A hydrocarbon formed by the action of sodium on a mixS’, # 
bromobenzene (bromide of phenyl) and bromide of amyl, dQuted with benzene, 
action, which is attended with considerable rise of temperature, is soon completed \ 
if the mixture be then distilled, a colourless liquid is obtained, containine phenvl ’ i 
" together with traces of free amyl and phenyl, and the benzene used for dilution - and”! 
a few rectifications, collecting apart the liquid which passes over at 193° the nhon i 
amyl may be obtained pure. * putnyi- 

Phenyl-amyl is a transparent colourless liquid having a peculiar odour not like th 
of benzene. It boils at 196°, and has a specific gravity of 0*859 at 12° By oxidafio*^^ 
with chromate of potassium and sulphuric acid, it is converted into benzoic acid 
Chlorine attacks it slowly, with evolution of hydrochloric acid, and ultimately con rerti 
it into a viscid mass which exhibits no trace of crystallisation. By fuming nitric acid it 
is converted, with great evolution of heat, into nitrophenyl-amyl, 
which separates as an oil on addition of water, and cannot be distilled witliout decom- 
position. A certain quantity ofdinitrophenyl-amylis however always formed at 
the same time, and in greater proportion as the temperature is allowed to rise higher 
Nitrophenylamyl is easily reduced by tin and hydrochloric acid, yielding a base in the 
form of a white flocculent precipitate, which, on exposure to the air, quickly assumes a 
dark blue colour and decomposes. 

Phenyl-amyl dissolves easily at a gentle heat in very strong or in fuming svlphurie 
acid, forming a sulpho-acid, which when neutralised with barytic 

carbonate, yields a barium-salt, C**H*®Ba''S*0*, crystallising with great facility in 
long capillary silky needles, sparingly soluble in cold, somewhat more soluble in hot 
water. The potassium-salt, C“H'^KSO*, prepared from the barium-salt by double 
decomposition, forms a radio-ciystalline mass very soluble in water and in alcohol. 
The/rtfc separated from the barium-salt by sulphuric acid, solidifies in vacuo to a 
radio-crystalline mass, which deliquesces very quickly on exposure to the air, but forms 
a crystalline compound with a larger quantity of water. It is a very stable compound, 
melts when heated, and decomposes only at a much higher temperature. Its fU)U(‘ou8 
solution may be boiled for a long time and evaporated to a thick syrup without decom- 
position. On chloride e/* to a dilute solution mixed with hydrochloric 

:acid, the largo needles of the barium-sdt are deposited in a few seconds, Ch-oride 
of calcium forms, only in a concentrated solution of tho acid, a precipitate which dis- 
solves on heating the liquid, and separates as it cools in shining crystalline scales. 
.Nitrate of silver forms, even in a somewhat dilute solution of the acid, a white precipi- 
tate which dissolves in hot water, and crystallises therefrom in large shining needles. 


PBSim.BXrZ8B.MZOB or AnisanUide, 


-Obtained 


C’H'O*) 

C«H» >N.- 
H ) 

by the action of chloride of anisyl, C*H’0®C1, on aniline. Crystallises from alcohol in 
alonder needles which sublime at a gentle heat. (Ca hours, Ann. Ch. Pliys. [3] xxiii. 

PBSWTS-BBSBXrBMZO BCZO. C^H^AsNO* - (AsO)"' Iq, or perhaps 

(AsO^y^Q (Bdehampf Compt. rend. Ivi. 1172). — When the product obtained by 

H I 

heating arsenate of aniline is treated with* a solution of sodic carbonate, carbonic 
anhydride is evolved, and a viscid precipitate is formed, consisting of aniline and colour- 
ing miitters, and the filtered solution, when evaporated and mixed with nitric acid, 
deposits phenyl-arsenamic acid, which may be rendered colourless by crystallisation 
from water, with addition of animal charcoal. It is decomposed by heat, dissolves 
•without alteration in alkalis, but is decomposed by fusion with alkalis, into aniline and 
an alkaline arsenate : it decomposes carbonates, forming crystalline salts. The sodmmr 
O’H’^AsNO*, and the potassium-salt crystallise in rectangular prisms ; the bariuin- 
salt in oblique prisms. The sUver-salt is anhydrous and likewise ciystallisablo. The 
lead- and copper-salts are bulky precipitates. 

Amides containing benzoyl and phenyl or its 


PBBirYZi.8B]rSBMZllB8. 

derived radicles. 


Phenyl-bensamide or SenzstMiiUde, C»H<>NO 


C«H» ) 

cwoIn. 

H ) 


(Gerhsrdt, 
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Ann Cb. Pbys* [3] 327.) -Produced by the action of chloride of benzoyl, or of 

fLoic iinhydride, on aniline: 

^ C»H*OCl + C«H*.H*N « (C*H»)(C’H'0)HN + HCl. 

(C’IP0)*0 + 2(C«H».H*N) = 2[(C«H»)(C'H»0)HN] + H*0. 

The product obtained by either of these reactions is washed with water and the residue 
•fl purified by rccrystailisation from boiling alcohol 

^ Phenyl-henzamide crystallises i n shining scales insoluble in water. Heated with melting 
motasK ili i® resolved into aniline and benzoate of potassium. When heated with chloride 
of bcnzoylf it gives off hydrochloric acid and is converted intophenyl-dibenzamide. 

jihenyl’fiitr oh ens amide or Mtrohenzanilide^ (C®H*)[C’H\N0*)0]HN, ap- 
peiirs to be formed by the action of aniline on chloride of nitrobenzoyl (i. 668). The 
w;tion is attended with peat rise of temperature and evolution of hydrochloric acid, 
and the product is a solid body, which crystallises from alcohol in shining needles. 
(Bertagnini, Ann. Ch. Pharm. Ixxix. 269.) 

menyl-dlbenaan^de or atbeManUlde, C“n'»NO* = (C’H*0)4^- 

hardt and Chiozza, Corapt. rend, xxxvii. 90.)— Prepared by heating phenyl- 
heiizamide with chloride of benzoyl, removing the excess of the latter with carbonate 
of sodium, and recrystallising the residue from boiling alcohol. It forms slender 
shining n<‘edle8, sometimes grouped in rounded grains. It is but slightly soluble in 
cold alcohol of ordinary strength. 

Dlphenyl-benzamlde, C^*H'*NO = (Hofmann, Ann. Ch. 

Pharm. cxxxii. 166.) — Produced by heating chloride of benzoyl with diphenylamino. 
It is a thick oil which solidifies in the crystalline form on cooling. By washing with 
wiit»*r and recry stallisati on from boiling alcohol, in which it is but slightly soluble, 
it is ol)taiued in fine crystals. 

When treated with cold nitric acid of ordinary strength, it is converted into 

C«H» I 

plionyl-nitrophenyl-benzamide, C^H^NO*) |N, a light yellow, easily crystal- 

lisiag compound, which dissolves with scarlet colour in alcoholic soda, and is thereby 
resolved into benzoic acid and splendid yellow-red, neutrtil needles of phenyl-nitro- 

C«H» ^ 

phenylamine or nitrodiphenylamine, C®H<(NO*)>N. 

H 1 

If, on the other hand, diphenylbenzamide be treated with the strongest nitric 
acid-, a solution is formed from which water precipitates a deep yellow crystalline mass 

consisting of dinitrodiphenyl-benzamide, which dissolves 

in alcoholic potash, forming a solution of a splendid crimson colour, which on addition 
of water deposits a yellow crystalline powder, while potassic benzoate (?) remains in 
solution. 

The yellow powder, when crystallised from alcohol, yields reddish -yellow needles 
with blue metallic reflex, consisting of dinitro-diphenylamine, ^ ^ ^ |n. 

Plienyl-tolyl-benzaiziide or Pbeiiyl-b6nzyl-b®nzamt<le» C'®H'^NO ■■ 

) 

, >N. (Hofmann. Ann. Ch. Pharm. cxxxii. 293.)— Produced by the action of 

C»H^0) 

chloride of benzoyl on phenyl-tolylamine (p. 464). The action is brisk, and the pro- 
duct remains fluid for a long time, but when treated with water, alkali, and alcoliol, it 
ultimately solidifies, and when dissolved in boiling alcohol, separates in well-developed 
crystals which are more soluble than dipbenyl-benzamide. .i, j* i i 

Phonyl-tolyl-benzamide is more easily attacked by nitric acid than the dipnenyi- 
conipound. On treating it with ordinary strong nitric acid, the crystals immediately 
liecome fluid; and if the addition of nitric acid be continued till they dissolve, and 
uater be then added to the solution, a yellow crystalline precipitate is formed consisting 

C®H*(NO*)) ^ 

of dinitrophenyl-tolyl-benzamideC»H®(NO*)^N, which crystallises fromboil- 

C’H»0 ) . ^ * 

me alcohol in small yellowish-red needles. This compound dissolves with 
oolour in alcoholic soda, being thereby deprived of its benzoyl-atom, and converted into 
. C-H^(NO*)) 

®ittitrophenyl-tolylamine, C'H®(NO*)vN. 
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Dinitrophenyl-tolyl-benzamide treated with reducing agents is conTerted into a bas? 
compound which crystallises in beautiful white needles. 

Fuming nitric acid^ converts phenyl-tolyl-benzamido into a nitrated amide whi h 
appears to contain 6 at. NO^ ^ 

PBSXTTXi-BEXrZO'n, « C«H».C»H«0.— This body, the ketone of 

benzoic acid, has been already described as Benzonb or Benzophenonb (i. 662). It 
was discovered by P6ligot, and has been further examined by Chancel, and re- 
cently by Linn emann (Ann. Ch. Pharm. cxxxiii. 1). It c^stallises, according to Han- 
del, in orthorhombic prisms exhibiting the combination Pco .Poo . ooP. JPoo,p *qP* 
Hatio of principal to secondary axes = 1 ; 0-8496 : 0-6535. Angles c»p ; obP J 
80® 42' and 99^ 18'. It mtdts at 48° to 48-5° and boils at 295° under a pressure of 
0*741 mm. (compare Chancel’s determinations, i. 662). Vapour-density, obs. = 6-22 
(Linnemann); calc. (2 vols.) «= 6 28. 

Benzophenone heated with excess of hroynine in scaled tubes to 150°, is converted 
with separation of hydrobromic acid, into a brorainated corrijpound containing 41-39 
per cent, carbon, 2-08 hydrogen and 62-18 to 62-23 bromine, probably therefore 
C*®H**BrK)® which requires 41-10 carbon, 1*97 hj-drogen, 62-70 bromine and 4-21 
oxygen. It dissolves in boiling alcohol, and sepjirates on cooling as a snow-wliito 
silky mass composed of microscopic needles. It melts at 125°, cannot be; distilled 
without decomposition, and yields with sodium-amalgam an oil free from bromine. 
(Linn6mann.) 

Benzophenone treated in alcoholic solution with sulphuric acid and Hnc, is converted 
by the nascent hydrogen into benzopinacone, a substance rclabid to benzoplieiiono 
in the same manner as pinacoiie, C*H‘^0*, to acetone : 

2C‘»n'«0 + IP = C‘«IP20*. 

Benzophenone. Benzopinacone. 

The benzopinacone is very slightly soluble in alcohol and is deposited on the zinc in 
the form of a white crust (see Pina cone.) 

When, on the other hand, benzophenone dissolved in alcohol is treated with sodium’ 
amalgam, ii, different reaction takes place, resulting in the formation of benzhydrol, 

C*®H**0 = jj ? 0, a monatomic alcohol capable of exchanging its typic hydrogen 
for alcohol- and acid-radicles: 

cisnioQ + IP c»»n«o. 

Benzhydrol. This body is sparingly soluble in water, 1 part, of it requiring for 
solution 2000 pts. of water at 20°; hut in alcohol^ ether, cJdoroform, benzene or sidp/iitle. 
of carbon, it dissolves with fxcility, and crystallises therefrom in groups of sUmder silky 
needles. It dissolves in alkaline liquids more easily than in pure wat(T; a concentrated 
solution of caustic potash saturated with benzhydrol, deposits the compound in the 
crystalline form 011 addition of water or neutralisation with an acid. Beiizhyilrol 
melts between 107’5° and 108°, and boils between 297° and 298° under a pressuro 
of 748 mm. 

Benzhydrol heated with dilute aqueous chromic acid^ is reconverted into benzophenone. 
Fuming nitric acid converts it into dinitrobenzophenone, C‘*I1"(N0®)*0, which 
crystallises from boiling alcohol in needles having a faint chamois-colour and melting at 
129°. With bromine it yields dibromobenzhydrol, which crystallises 

from alcohol in a light mass of white microscopic needles becoming soft at about 158° 
and melting at 163°. 

Benzhydrol is resolved, partially by distillation or by heating to 300° in sealed tubes, 
and completely by prolonged boiling under the ordinary pressure, into water and 
benzhydrolic ether, C-^^fP-Q =* 2C‘*H*-0 — The same dehydration, 

resulting in the foimation of benzhydrolic ctlior, is effected by the action of chloride or 
iodide of phosphorus. 

Benzhydrolic ether separates from solution in boiling alcohol in plumose tufts of 
microscopic crystals ; it dissolves easily in benzene and separates therefrom by spon- 
taneous evaporation in very small but distinct ciystals; and by immersii^ one of these 
in the solution during evaporation, larger crystals may be obtained which exhibit the 
form of monoclinic prisms, -i- P . — P . — P J . ( ooPoo ) . ooPoo , Eatio of clino- 
diagonal, orthodiagonal and principal axes ■» 0-6820 : 1 : 0-623. Angle of inclined 
axes **= 81° 25'. It melts at 111°, remaining liquid for a long time after cooling; 
fjegjns to volatilise above 300° and boils at 315° under a pressure of 746 mm. L. 

* This is the first known instance of the conversion of a monatomic alcohol into the corresponding 

anhydride or ether by the action of heat alone. 
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.. j^gg in f Wining nitric and is decomposed thereby on heating, yielding a 

Di^cnous product ; also in^ strong sulphuric acid. 

penzhydroUc Ethylate^ C'-*^ \ produced by mixing a solution of benzhydrol 

. Solute alcohol with -^th of its volume of strong sulphuric acid, avoiding rise of 
♦empcrature, and leaving the liquid to itself for several days. On then adding water, 
the ether sepamtosas an oil, which may be purified by washing with dilute potash and 
^jth water, and subsequent rectification. It is an inodorous sj'rupy liquid, of specific 
cra-vity 1 029 at 20°, and boiling at 183° under a pres.suro of 736 mm. It is strongly 
rtfrarlivo, and when newly prepared quite colourless; but by exposure to diffused dayr 
li<rlit fer some lime, or to direct smishino for a few seconds, it becomes coloured, 
appearing of a fine green colour by r('fiect<‘d and faintly yellow by transmitted light. 
The colour is destroyed by leaving the liquid for some time in the dark, or by gentle 
heating, or by agitation, but may bo restored by exposure to liglit. After keeping for 
months, however, the colour disappears altogether, and is no longer restored even 
hy exposure to bright sunshine. In either state, the liquid exhibits strong fiuorescenco 
-Nrlitn a beam of light is transmitted through it in a dark room, the emergent liglit 
of a bright light blue colour. Ben/hydrolic ethylate dissolves in twenty times 
its volume of alcoluil of 80 per cent., and in all proportions of c///cr and htmzniv. It is 
not altered l)y distillation with concentrated liydriodic acid. When fused with potash 
it gives off* a gas burning with a smoky flame, and is converted into an acid which 
is precipitated on neutralising the alkali with hydrochloric acid, but redissolves with 
facility in caustic potash or carbonate of potassium. 

BimshydroUc Acefatr,C^^\V '0'^ = Qiajjii — Proiluced by boiling benzhydrol for 

sevrral hours with glucial acetic acid. It is preci}>itated Ijy water and purified liko 
tlio pivcoding compound. It is an inodorous viscid liquid of specific gravity 1‘49 at 
2(1°, colourless when first prepared, but affected by light exactly in the same manner 
as the ethyl-compound. It nmiains liquid at 150°, boils at 301 — 302° under a 
jin ssure of 731 mm. ; dissolves easily in alcohol, ether, and henzenc. Alcoholic j)otash 
decomposes it, even at ordinary temperatures, into acetic acid and benzhydrol. 

Bmzhydrolic Benzoate, |o.— Produced by fusing 3 pts. benzhydrol with 

2pt.s. benzoic acid, continuing the heat till the mass begins to boil quietly, dissolving 
the cooled product in ether, agitating with potash, and evaporating. The residue is 
then pulveris«‘d, washed with alcohol, dis.solved in ether, and the solution is mixed 
with an equal volume of alcolml and left to evaporate. This compound is not pro<luced 
hy treating benzhydrol with chloride of benzoyl, which indeed acts just like chloride 
of phosphorus, producing nothing but benzliydrolic oxide. 

Benzhydrolic benzoate forma triinetric crystals in which the principal is to th® 
socoiniary axes as 1 t 0*4770 *. 0*6682. I'hey are usually fonr-sided prisms, ooP, with 
angle.s of 61° and 129°, and terminated by a braebydome Poo with angles of 67^ 
:U)' and 112° 30'. It melts between 87*5° and 89°; dissolves easily in and 

hniznie, sparingly in cold, more easily in hot alcohol. It is decomposed by distillation, 
l**tiving a carbonaceous residue and yielding a distillaU? containing benzoic acid, ben- 
anhydride, an oily body slightly soluble in cold alcohol, and a small quantity of 
a liydrocarbon, C*^Il'°. By evaporation with a! coludic potash-sol lU ion, it is comphitely 
rpsolved into benzoic acid and benzhydrol. 

Benzhydrolic Succinate, — (C’^II^)* | similarly to the 

preceding, by fusing an intimate mixture of 30 pts. benzhydrol and 9 pts. succinic 
avid. It sciparates from boiling alcohol as a very light ma.ss of small shining scales ; 
jni-lts at 141°— 142°, and solidifies on cooling to a transparent amorphous mass, 
immediately becoming crystalline when gently heated. It is insoluble in water, 
sparingly soluble in cold alcohol, ether, and benzene, more easily when lasated. It burns 
with a smoky flame, leaving no residue. By alcoholic potash at the boiling heat, it is 
vomplotely resolved into succinic acid and benzhydrol. By distillatiun it is partly 
n-solved into succinic acid and a hydrocarbon C‘^11*®, which may be called beiiz- 

hydrolene: 

CS0JJ28O4 - C*H«0* -I- 

Another kind of decomposition appears, however, to take place at the same time, for 
quantity of benzhydrolcne obtained is but small, and it is accompanied by a con- 
siderable quantity of an oily product. , • • • j 

To prepare benzhydrolene, benzhydrolic succinate, or a mixture of succinic acid 
^ud benzhydrol is repeatedly distffU d ; the semisolid distillate is freed from liquid 
products by cold alcohol, from succinic acid by potash, and from undccomposed 
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benzliydroHc succinate by treatment with alcoholic potash, and the residual ppodn • 
crystallised from boiling benzene. It is also produced, as already observed, bv til* 
diy distillation of benzhydrolic benzoate. 7 mu 

Benzhydroleno melts at 209® — 210®. It is nearly insoluble in cold alcohol and 1 
slightly soluble in boiling alcohol, from which it is deposited in small needles*^*^ 
cooling. It dissolyes sparingly also in ether, but easily in hot benzene, whence 
erystuUises for the most part on cooling. It does not combine with picric acid 
(Linuomann.) ^ 

PKfiXrTK-BBirZYliikXMmB. Syn. with PHBNYn-TonTnAMiNB. or 
ANILINB (p. 454). 

PBBXrTZi-aBZrZ'S'&BXrilLnKZXrB, or rather 1)iphenyi.~dibbnzyi.enb-d tawt>t e qj 
Diphbnyl-ditoltlbne-diaminb, (C*H*)*(C’H^)*N® (see page 468). 

PBEiam-BBOM[ZXIIIBSB.TXar. See PKENTn-iMESATiNS (p. 485). 

C^H’O 

PBBB'n-BVTTlULXinBB. 

H 

Phys. [3] xxxvii. 329.) — Produced by the action of aniline on butyric anhydride or 
chloride of butyryl. It is insoluble in water, but easily soluble in alcohol and ether 
and crystallises from weak boiling spirit in beautiful nacreous laminse. It melts at 
90°, and distils without alteration. It is scarcely attacked by boiling potash-ley, but 
gives off aniline when fused with hydrate of potassium. 

PKB»mi-CB.BBAMZC ilCXB. Soo Cabbamic Acin (i. 751). 

PBBUr'SrZi-CB.RBilXmBBS. See Cabbamibb (i. 755). 


VN. (Gerhardt,Ann.Ch. 


PBBXI”SX-CBT7BABKZXarB or Cetylaniline, (See Phenyt.aminbs, p. 450.) 
PHBirVX«CBZiOBZXIiXESB.TZXr. See Phentbimesatins (p. 485). 
PBBXrzrZi-CaXiOBOCYB.XrB.MZBB. See PuBNYLAmNBS (p. 442). 
PBEXrYXi-CZXrzrBMZBB. See Cinnamide (i. 989). 


PBBXrYXi«jCZTBBCOXrBMZBBS. Soo Citbaconio Acid, Amides of (i. 993). 
PBBZrYB-CZTBBMZBBS. See OiTBic Acid, Amides of (i. 1000). 
PBBlTYB-BZBMZXrBS. See Phenydamines (p. 454). 

PBBlTYXiEXrs. C"H^. — A liquid haying this composition and boiling at 91®i^8 
found by Church (p. 416) among the products of the distillation of phenylic chloride 
with so^um-amalgam. 

PBBXrYBBXrB-BZBMZXrs. C«H*N* — |n* (Hofmann, Proc.Roy. 

Soc. xi. 618 ; xii. 639.) — This base is obtained by the action of reducing agents on 
nitraniline : 


C«H«(NO*)N + - C«H»N* + 2H'‘'0, 

and exhibits the isomeric modifications a and according as it is produced from a- or 
i3-nitraniliue. 

Alpha-phenylene-diamine is easily prepared by the action of ferrous acetate on a- 
nitraniline, or by the prolonged action of the same reagent on dinitrobenzene, that 
compound being conyerted, first into nitraniline, and then, by a continuation of the 
same action, into phenylene-diamine : 


C»H*NO* I C«H"NO» I C«H ( 

NO»J NH»J 

Dinitrobeezene. Nitraniline. Phenylene-diamine. 

The substance called semibenzidam, which Zinin (J. pr. Ghem. xxxiii. 44) 
obtained by the prolonged action of sulphide of ammonium on dinitrobenzene, 
times in brown flakes, sometimes as a yellow resin, exhibiting the composition C*H » 
was propably impure a-phenylene-diamine. 

Befa-phenylene-diamine, the product of the reduction of jS-nitraniKne (obtained from 
nitroplienyl-acetamide, &c., p. 418), may also be prepared by two other processes, viz., 

a. By the action of ferrous acetate on dmitraniline : 

G‘*H»(NO*)*N + 7H* - « C«H»N* + NH* + 4H*0 

b. By the action of zinc and sulphuric acid, or other powerful reducing agents, 
trazobeu^ne (i. 478), or diphenine, G*H*N* (ii. 336), which is the first product oi w* 
same kind of action on dinitrazobenzene: 


G»*H»N*(N0*)* + 6H* » 

Dinitrazobenzene. 


4H*0 + 2G«HW. 

Dipheoine. 
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OH*N* H’ — 

Biphenine. Phenyleue- 

diamine. 

Pfoperties. — ^Alpha-phenylene-diamine when freshly distilled is a slightly qolourod 
heavy oil which, like aniline, has^ a tendency to assume a brown colour on exposure 
to the air* often remains liquid for days, and then gradually solidities to a mass of 
crystals which become hard and white by washing with ether. It melts at 63°, boils 
at near 287°, and distils without decomposition. It is very soluble in water and in 
akohd, forming solutions which have a distinctly alkaline reaction; much less soluble 
in eth^^ 

Beta-phenylene-diamine crystallises much more readily than the o-base. It melts 
at 140°, boils at 267°, and sublimes even below its boiling point, in splendid crystalline 
plates resembling pyrogallic acid. ^ 

^ A solution of ^-phenyleno-diamine in sulphuric acid mixed with peroxide of man- 
ganese yields quiuone, which distils over on heating the mixture and crystallises in 
the receiver : 

C«nw + 2H*SO« + Mn"0* « + Mn"SO« + (NH^)*SO\ 

/l-phenyl- Quiuone. 

ene-diatnine. 

Alpha-phcnylono-diamine when similarly treated evolves a faint odour of quinone, 
but does not yield crystals. 

Both modifications of phenylene-diamine are di-acid and form salts which crystallise 
easily and well. The /3-salts are more soluble than the a-salts. jS-phenylene- 
diainine and its salts aro remarkable for the facility with which they are converted 
into violet and blue compounds under the influence of oxidising agents, such as 
clilorino, bromine, chromic acid, ferric and platinic chloride, &c. The salts of both 
modifications are easily decomposed by the fixed caustic alkalis, the jS base crystallising 
immediately, whtTeas the a base separates in oily globules which only gradually 
solidify. The base is also separated from its salts by ammonia, but redissolves in 
excess, forming a solution which gradually turns brown and decomposes. This may 
perhaps explain why tho diamine cannot be conveniently obtained from dinitrobensseno 
by reduction with sulphide of ammonium. 

IlydrocUorate of a-phenylene-diatnine^ C*H®N-.2nCl or (C®H*)"H®N*C1*, is very 
Kolui)lo in water, but crystallises easily from concentrated hydrochloric acid. The 
^-hi/drochlorate is also extremely soluble in water, sparingly in hydrochloric acid, and 
crystallises in large prisms. The a-cldoToplatinate^ C®II*"N’Cl®.Pt'''Cl^, crystallises in 
splendid needles. The fi-salt of the same composition forms light yellow plates 
extremely soluble in water and easily decomposed by heat. 

The ^-kifdrobromate^ C®H®N*.2HBr, resembles the hydrochlorate in every respect. 
The a-hydrobromate and a-hydriodate separate immediately in crystalline masses on 
bringing the base in contact with the respective acids ; they crystallise splendidly from 
vater and more especially from alcohol. The nitrate^ oxalate^ and sulphate also crys- 
tallise welL 

Both o- and /3-phenylene-diamine are readily attacked by the alcoholic iodides. By 
alternate treatment with iodide of methyl and oxide of silver (or distillation with soda) 
twice repeated, and one more treatment with iodide of methyl, each base yields a welt 

ciystallieed iodide containing or iodide of hex- 

tnethyl-phenylene - diammonium [^(Cn»)®j-^*] crystallising in plates 

extremely soluble in water, less soluble in alcohol. It exhibits tho same properties 
yhether prepared from a- or from /3-phenylene-diamine, excepting that the /3 compound 
is the more soluble of the two. 

Intermediate compounds may of course be obtained by stopping the action at an 
earlier stage. /3-tetramethyl-phenylene-diamine, treated with mothylic 

j^dide yields, before being converted into the hexmethylated compound above men- 
^*°®ed, a rather difficultly soluble peutamethylated iodide containing C*‘H'®N*I =» 

(CH*)* and this, when treated with hydriodic acid, is converted into the 

^"iodide of pentamethyl-phenylene-di ammonium, C"H“N*I' 

Derivatiftet of Phenylene-diamine, 

>^itrop]ieiijleae-dlamlnet C^WO* « [C*H^O*)] AxophenylandiM 

II 
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(Gottlieb). NUrasophtn^amint (Gerhardt). — ^This compound, discovered K 
Gottlieb (Ann. Ch. Pharni. Izxxv. 27), is produced by the action of sulphide of at/ 
monium on dinitraniline : 

C«H»(NO»)*N + 3H*S « C«HWO* + 2IPO + S». 

When dinitraniline is boiled for about two hours with a large excess of solution (f 
sulphide of ammonium, the liquid acquires a dark red colour, and the crystals of dini 
traniline disappear, being succeeded by a network of delicate shining dark rwl needles 
which gradually increase in quantity, and are likewise abundantly deposited aft(>r tlie 
action is completed and the liquid has cooled. The compound is obtained pure by 
precipitating it from the hydrochlorate or oxalate purified by several crystallisations 
and then reciystallising it two or three times from hot alcohol. 

Nitrophenylene-diamine crystallises in groups of long slender needles having a slight 
red colour when dry, and exhibiting a jgolden iridescence on their broader faces 
When separated by ammonia from a saturated solution of one of its salts, it takes 
the form of a dull brick-red powder ; but dilute solutions deposit it in small, reddish- 
yellow, shining plates. It melts at a high temperature and volatilises in great part 
without decomposition, forming a woolly sublimate. When suddenly heated, it explodes 
slightly, leaving a residue of charcoal. It dissolves readily in water, alcohol and 
ether, forming deep red solutions . — Nitrous mil? converts it into azonitropheny- 
lenic acid (p. 484). 

It combines with (wids, forming mono-acid salts which are decomposed by water jind 
by alcohol, with separation of the base : hence in preparing them, it is necessary to 
let them crystallise in presence of an excess of acicl. 

Sulphate of Nitropheyiylvne-diaminc, (C®H’N-'’0*)*IT'‘‘S0*, is obtained by dissolving 
the base in warm dilute sulphuric acid, and separates on cooling in yellowish scales, 
having a fatty lustre and containing 8*20 per cent, sulphur. 

A mixture of the .solution of this salt with sulphate of alumina, does not yield any 
double salt when left to evaporate. 

The Hydrochlorate^ C''H'N^0'^.HC1.H*0, may bo prepared by boiling the crude base 
with dilute hydrochloric acid, which dissolves it, leaving only a residue of sulphur and 
a secondary product of a dull green crystalline aspect, part of which also passes into 
the solution. To free the salt completely from this impurity, it must be repeatedly 
dissolved in boiling dilute hydrochloric acid and recrystallised. From a concentrated 
acid solution, it separates in yellowish-brown needles; from a dilute solution by spon- 
taneous evaporation, in oblique pri.sms often four or five millimetres in length and ^ 
united in groups. Those crystals exhibit a light brownish-green colour by transmitted 
light, and a peculiar blue iridescence on some of their face.s by reflected light. The 
acid solution has a green i.sh-brown colour. The crystals contain 1 at. water which 
they give off at 100®, or in vacuo or over oil of vitriol at ordinary temperatures. At 
100®, however, partial decomposition takes place and hydrochloric acid is given off. 

Chlorojdatinate, 2(C®H’N='0-.HCl)PtCF. — A dilute solution of the liydrochloratfl 
mixed with tetrachloride of platinum, docs not yield a double-.salt, the platinum being 
reduced to the metallic state (Gottlieb); but on adding the chloride of platinum to 
a concentrated solution of the hydrochlorate, the chloroplatinate is obtained in splendid 
long brown-red prisms. (Hofmann, Proc. Roy. Soc. x. 499.) 

^ Qyanoplatinate, 2(C®H»N®02.HCy).l’tCy^5H‘''b. JiiUbtained by adding the c^stal- 
lised hydrochlorate of nitrophenylcne-diaraino to a boiling aqueous solution of 
platinocyanide of magnesium. The solution separated by filtration from a small 
quantity of dark insoluble matter; gradually depo.sits a mixture of the cy.anoplatinate 
and the free base, which latter may be removed by digestion with a small quantity of 
dilute hydrochloric acid. It forms large laminae, having a light brownish-yellow colour 
and strong lustre, and giving of their water at 112°. They CJinnot be recrystalliscd 
from water without partial decomposition. 

Nitrate, C®II’N*0*.NHO®. — Warm dilute nitric acid readily dissolves nitrophenylene- 
diamine, but the solution soon acquires a dark colour and deposits flakes, indicating 
partial decomposition. The pure salt may however be obtained by moistening the 
base with water, and pouring dilute nitric acid upon it by small portions : it is then 
immediately converted into a thick magma of micaceous scales, which may be frew 
from the mother-liquor by pressure between paper. The salt thus prepared is anhy- 
<frouB, and may be kept for months over oil of vitriol without losing its lustre. 

Oxalate, 2C*H’N*0'‘*.C*H*0*. — Obtained by dissolving the base in aqueous 
acid. From concentrated solutions it separates in yellow needles ; finom more dilu « 
solutions, in brownish-yellow prisms, exhibiting a bluish iridescence on certain faces- 
It is anhydrous, and dissolves but sparingly in cold water. .. . 

The sulphate, 2C*H*N*0* H®SO^ is obtained by dissolving the base in warm ouu 
sulphuric acid, and separates on cooling in yellowish scales having a fatty lustre. 
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(C^O*^ ) 

C*H*N*0* = [C*H»(^0*)]"|.N* OxalatophenyUmide 

(GottIi6l>); Ifiirasfopk^nyl~oxt^ide (Gerhardt). — When DitrophonyIene.diamine 
i** cxce^ of oxalic acid, and the liquid is evaporated over the water-bath, a 
brownish-green residue is obtained, consisting partly of nitrophenylene-oxidiamic acid, 
jnd partly of nitrophonylono-oxamide : 

- IPO = C“H’N*0» 

Acid oxalate of N Itro- Nitrophenylone’ oxl- 

phcnylene-diamino, diajnic-acid. 

C^H’NW - H*0 = cnvwo*. 

Kitrophcnylene- 

oxatnide. 

If kept for some time at 100® it is almost wholly converted into the latter compound, 
without change of aspect. (Gottlieb, Ann. Ch. Pharm. Ixxxv. 38.) 

Nitbopiienyubnb-oxidiamic Acid, C®IPN*0‘ <= (O^O*)" Oxalazo- 

H y^' 

^hmylnmic oM (Gottlieb). Nitrasophenyl-oxamic mid (Gerhardt).-— The am- 
monium-salt of this acid is obtained by treating the brownish-green residue above- 
tneritioiied wit^^ueous ammonia. It is sparingly soluble, and crystallises from a'jliot 
aqueous yellow needles. The harimnsalt^ C’®H‘*Ba"N®0‘®. 311*0, is ob- 
tained as omi^-coloured, sparingly soluble, crystalline precipitate on mixing 

the ammonium-salt with chloride of barium. It retains 3 at. water at 100®, and be- 
comes anhydrous at 1 60°. By decomposing this salt with hydrochloric acid, the free 
acid is precipitated in small light-yellow granular crystals. (Gottlieb, loc, cit.) 

Axopli 0 iiyleiie-dlamliie. -» K'" or Diaeobenzolimide. 

H l 

^ 1^' Trans. 1864, [3] 682.) — This compound is produced by 

the action of aqueous ammonia on porbromide of azoplienylammonium : 

C«H»N*Br® + 4NH* = C®IPN» + 3NH<Br. 


Axopli0iiyleiie-dlamliiea 


The action is attended with considerable evolution of heat, bromide of ammonium passing 
into solution, and azophcnylonc-diainine separating as a heavy brown oil, which may be 
nearly decolorised by repeated distillation with water, then dried over chloride of 
cftlcmm, and finally redistilled under diminished pressure. 

A^ophenylene-diamine is remarkable for its narcotic aromatic-ammoniacal odour. 
It volatilises by distillation with water, or when heated in a vacuum, but on attempt- 
ing to distil it under the ordinary atmosph«»ric pressure it decomposes with explosive 
violence. It is not solidified by a frigorific mixture of nitre and sal-ammoniac. Alcohol 
and ether dissolve it with some difficulty. Hydrochloric acid even when concentrated, 
and aqueous potash have no action upon it. Strong nitric and sulphuric acids dissolve 
it without decomposition. Nascent hydrogen, generated by zinc and sulphuric acid in 
an alcoholic solution of the dianwf»e, reduces it to aniline and ammonia : 

G®H®N» + H« « C®H*N + 2NIP. 


(C’H^Br)" 

Aaobromoplieiiylene-diamlne, C®H*BrN* = N'" N*, or J)mzobromo* 

H 

^mzolimide^ (C®H^rN*) | (Gri ess, Phil. Trans. 1864 [3] 700.) — Perbromido of 

azobromo-phenylammonium (p. 437) is converted by aqueous ammonia into ayellovnsh 
oil which by a single distillation with water yields pure azobromophcnylenediamine. 
Y>i8 compound generally forms a white or slightly yellowish mass of small crystalline 
plates which melt at 20° to a heavy oil. It is insoluble in water, rather sparingly 
soluble in alcohol, easily soluble in other and benzene. It distils readily in presence 
of Water, but explodes feebly when distilled alone. When exposed to the air it appears 
to volatilise gradually, emitting the same aromatic ammoniacal odour as azophenylonc- 
oiamine. It resembles the latter moreover in its behaviour with various reagents j 
oaustic {wtash, hydrochlorie acid and bromine have no action upon it ; strong sulphuric 
nitric acids decompose it readily. 

Nawent hydrogen generated by zinc and sulphuric acid in an alcoholic solution of the 
®^iue, converts it into.bromanilinc and ammonia : 

C®H«BrN* + JP ^ C®H*BrN + 2NH». 


1 1 2 
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By acting upon perbromide of azobromophenylammonium with ethylamine, anilin 
&c., corresponding substitution pi*oductsof azobromophenylene-diamine are obtained 

EthyUaeo-hroTn^henylene-diamine^ N"' vN* forms a yellowish oil which does 

C*H* } 

not solidify even when cooled much below 0°. 

(OTPBr)* 

The corresponding phenyl-compound^ N"" 


|n* forms orange-yellow crystals. 


Azodlbromoplienylene-dlainine, 


(CTPBr*)" 

W 

H 


} 


N* is produced by the action 


of 


aqueous ammonia on perbromide of azodibromo-phenylammonium, and after repeated 
crystallisation from alcohol, forms white needles which melt at 62°, and detonate slightly 
at a higher temperature. It is very little soluble in water, more soluble in hot alcohol, 
easily in ether. (Griess.) 

(C«H*Ciy' 

Azooliloroptienylene-dianilne» N'" 

H 

(c«ipir^ 

Azo-lodo-plienylene-dla.mlne« N'" >N'^, forms 3 ullowish-white crystals 


In*, forms easBy fusible ciystals. 


which are easily fusible, and pass over on distillation with water as a yellowsh oil 
which soon solidifies. It has an aromatic ammoniacal odour like that of the analogotig 
compounds previously described. 

^ [C-IPCNO*)]*) 

Axo-nltro-pbenylene-dlamlne, ■* N"' >N*. Diazonitro- 

H > 

henzolimide. (Gri ess, Phil. Trans. 1864, [3] 708, 710.) — This compound, like nitnini- 
lino and all its other derivatives, exists in two isomeric modifications, which are obtjiiiicd 
by the action of aqueous ammonia on the perbromidea of o- and iS-azonitrophenylam- 
moniun. The a-compound crystallises in orango-colourod needles which melt at .52°. 
It is somewhat soluble in hot water, from which it crystallises on cooling in wbitisfi 
needles. It has somewhat of the odour of nitrobenzene. 

The i8-compound is obtained by repeated ciystallisation from hot alcohol in verybril- 
*liant yellow, rounded plates, which are so soluble in hot alcohol that a saturated solu- 
tion deposits a magma of cry.stals on cooling ; they also dissolve as readily in itlu-r. 
In boiling water they melt, forming a yellow oil but slightly soluble in water, the dis- 
solved portion yielding very fine, almost white crystals on cooling. The crystals 
obtained by recrystallisation from alcohol melt at 71^^, a temperature mucdi higlicr 
therefore than the melting point of the a-compound. The jS-compound explodes when 
heated a little above its melting point. 

Axonitropbenylenio aold. (Hofmann, Proc. Koy. Soc. x. 496.) — This acid, 
isomeric or metomeric with azouitrophenylene-diamino, is produced by the action of 
nitrous acid on nitrophenylene- diamine, the change consisting, as in other cases of 
nitrous substitution, in the replacement of 3 at. hydrogen by 1 at. nitrogen: 


C«H*N»0* + NHO* - 2H*0 + C«(H^N'")N*0* 

On passing a current of nitrous acid gas into a moderately concentrated solution of nitrate 
of nitrazophenylene-diamine, the liquid becomes slightly warm, and on cooling deposits a 
considerable quantity of brilliant white needles, which are sparingly soluble in cold, 
.easily in boiling water, and may be purified by two or three recrystallisations. 

The acid thus purified forms long prismatic crystals, often interlaced, white as long 
as they are immersed in the liquid, but assuming a slightly yellowish tint when dnetb 
especially at 100° ; they dissolve readily in alcohol and in ether. It melts at 211 and 
sublimes in prismatic crystals with partial decomposition at a somewhat higher tem- 
perature. It is remarkably stable and may be boiled either with potash or with hydro- 
chloric acid without undergoing any change; neither is it decomposed by passuig 
nitrous acid gas into the aqueous or alcoholic solution. 

The crystals hfrve a distinct acid reaction, and dissolve at a gentle heat in potM“ 0^ 
ammonia, without however neutralising these liquids. ^ The acid also dissolves inalM- 
line carbonates, but without expelling the carbonic acid. The potassiwn-salt contains 
C*H*KN*0*, and the silver-salt C*H*AgN*0*. 

apBBmrXi-ozainbFBO-BZJLBnc b.ozb. See Svlphamio Ethbbs. 

VUMtm-msn,. CflEP* = CHWH*. (Tollenu and 
Pharm. c*xxxi. 810.— Fittig, ihid. cxxxiii. 222.) — Tnis compound, isomeric, but n 



PHENYL-IMESATINS. 485 

identical, with (?• “ ohteined by the action of sodium on a mixture ofbromo- 

wzene (bromide of phenyl) and bromide of ethyl, diluted with pure ether. The 
gction is rather energetic and requires to be moderated by external cooling. The distillate 
after being freed from ether consists almost wholly of phenyl-ethyl, with only traces of 
^ ethyl and phenyl. 

Phenyl-ethyl is a colourless mobile liquid, very much like toluene and boiling at 133®. 
5y oxidation with chromate of potassium and sulphur-ic avid it is converted into ben- 
zoic acid (xylene treated in the same manner yields terephthalic acid, C*H“0‘). 

Bromine acts slowly on phenyl-ethvl, with rise of tompcratiii c and evolution of hydro- 
bromic acid, and forms a heavy colourless transparent liquid, boiling at 200®, and 
exhibiting the composition of mo nobroniophcnyl- ethyl, OTPllr. Heated in 
Bellied tubes with excess of bromine, it is converted into a heavy viscid oil consisting 
of a mixture of several more highly brominated compounds. 

Phenyl-ethyl treated YriXh. fuming nitric acid in a vessel externally cooled is converted 
into mononitrophenyl-ethyl, C'*H‘'(NO*), which when precipitated by water aiid’ 
purified by washing, drying over chloride of calcium, and rectification, forms a light 
ja-llow oil heavier than water and boiling without decomposition at 233® (nitroxylene 
is decomposed by distillation). It is easily reduced by tin and hydrochloric acid, yield- 
ing the hydrochlorate of a base which in the free state forms a* colourless oil, turning 
brown on exposure to the air, but not solidifying. The oxalate of this base crystallises 
in large colourless needles, only slightly soluble in cold water. Tho chloroplatinate 
crystallises in shining scales. 

Dinitrophenyl-ethyl, C*H*(NO')*, is produced by heating tho mononitro- com- 
pound with nitric acid, or when phonyl-ethyl is gradually dropped into a mixture of 
2 vol. strung sulphuric and 1 vol. fuming nitric acid, and the clear liquid is gently 
heated. It then separates on the surface as a yellow oil wliich cannot be distilled, but 
may be purified by washing with water, solution in alcoliol, and drying over sulphuric 
acid. It then forms a light yellow, perfectly transparent oil, which dissolves in boiling 
aU'ohol, separates almost completely on cooling, and is decomposed by distillation. 

Trinitrophenyl-ethyl, C®H'(NO*)*, is produced in small quantity in tho pre- 
paration of the dinitro-compound, as above described; and the latter may bo almost 
wholly converted into tho. trinitro-compound by dissolving it in a mixture of strong 
sulphuric and fuming nitric acid, boiling the liquid for an hour with repeated addition 
of fuming nitric acid, then adding sufficient fuming nitric acid to dissolve the oil which 
has risen to the 8urfac*e, leaving the solution to itself for 21 hours, and then pouring 
it into water. The trinitro-compound thus prepared is an oil resembling the dinitro- 
(‘onipound, but still more viscid, and exhibiting no traces of crystallisation, even after 
long standing. (Xylene is easily converted by fuming nitric acid, even in the cold, 
into a crystalline trinitro-compound.) It is reduced by sulphide of ammonium to a 

base, probably | N‘, which ciystallises from boiling water in orange-yellow 

luininao, and forms a liydroclilorate easily soluble in water, alcohol and ether. 

riieny 1-ethyl dissolves quickly in gently heated sulphuric acid, and the solution 
if left to itself for some time, deposits slender colourless needles of a sulpho-acid, 
C>H'"SO^, very deliquescent, having a strongly acid and bitter taste, melting when 
bj^atud, and blackening at a higher temperature. The sumo solution neutralised with 
carbonate of barium yields a very sXMii harium-salt, which crystallises 

in beautiful stellate groups of flat silky needles, mucli less soluble than sulphotoluylate 
of barium ; it does not suffer any loss of weight at 150®. The calciu7ti-salt of the same 
acid, C‘*Ii'8Ca"S‘‘0®, is very soluble in water, and is obtained by spontaneous evapor- 
ation as a shining translucent saline mass. 

^HfixrvXi-BTBTXiA.MXigrBS. Soo Ethyl-aniline, &c., under Phenylamines 
(p. 4o0). 

^BSxm-rORMiUlIKZBB or rOBMEBBXXiXBB. See Foumamidb (ii. 682). 

^BBBTYXiXC BCXB. Syn. with Phenol. 

^BSSTYUBB OB BBBZO'S’li. Syn. with Phenyl- benzoyl (p. 478). 

^BSBrnXBB OF SUXpFBOPBBBTTB. Sec Sulpho-benzibb. 

^BXU|nrXi-XlkKBSil.TXXr8. Compounds produced by treating isatin (lii. 406), 
bropdisatin aud chlonsat in, dissolved in boiling alcohol, with aniline and its substitution- 
derivatives. Their relations to imesatiu (iii. 246) and their mode of formation are 
®^bited by the following equations ; 

C®H«N*0 » C'H^NO* + NH* - H^O 

Imesatln. Iiatin. 

C«*H*®N20 «. C®H»NO* + C«H^N - H*0 

PheDylimafatiu. Isaiin. Auilino. 
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C«<IPBrN»0 

PheDvI-brom- 

hnusatm. 

** 

C*H*BrNO» 

BrumliHtin. 

+ 

Aniline. 

EPO 

C'^H"C1N®0 

Phenyl-chlor- 

imeeatin. 


C'H*ClNO» 

ChlorlMtin. 

+ 

C«H^N 

Aniline. 

SK) 

C'‘IPBrN*0 

Bromophenyl- 

{inesatin. 

sas 

Isatin. 

+ 

C«H«BrN ~ 
Bromaniline. 

H»0 

c"n*ciN*o 

Chlorophenyl- 

imesatin. 

s 

Isatin. 

-I- 

C«H«C1N - 

Chloraniline. 

H*0 


The compounds thus formed crystallise from the alcoholic solution on cooling mostly 
in yellow or orange-yellow needles. They are insoluble or sparingly soluble in water 
easily soluble in hot alcohol. When treated with acids at the boiling heat, they are 
resolved into isatin, bromisatin or chlorisatin, which is precipitated, and a salt of 
aniline, chloraniline, or bromaniline which remains in solution. With alkalis they 
yield a soluble isatato, bromisatate, or chlorisatate, with separation of aniline, bromani- 
line or chloraniline. Isatin treated with nitraniline or tri bromaniline does not yield 
corresponding compounds (E n gel hard t, J. pr. Chem. Ixv. 260). See also Gmlin'a 
Handbook (xiii. 83). 

PHZSXTYIL-ZTACOXrAlIlZC AGZ3>.> o t . a />•• 

PBnrTK-ITACOirAMZSi:. ( See Itacokic Acip (m. 436). 

PBEXTYZi-lllAXiAnXZC ACZZI.) a nir a 

PHE W YE-THT ft Tt ^ Malio Aoid, Phentlated Amides op 

(iii. 797). 

PBEBYZi-AKEBCAPTAZr. See Phenyl, Sulphydbatb of (p. 418). 

PBEWYZi-METKYZ.. C’H* = OTP.CIP. (Tollens and Fittig, Ann. Ch. 
Pharni. cxxxi. 304.)— Produced by the action of sodium on a mixture of bromoben- 
zene and bromide of methyl diluted with pure anhydrous ether, in a vessel extonially 
cooled. The distillate is freed from ether by heating it in the water-bath to 60®, and 
then rectified two or three times in contact with sodium. 

Phenyl-methyl is a transparent colourless liquid, smelling like benzene, having a 
specific gravity of 0*881 at 6°, and boiling point 111*^, which is the same as that 
assigned by Wilbrand and Beil stein (Ann. Ch. Pharm. cxxviii. 259) to toliieno. 
In fact phenyl-methyl appears to be identical in every respect with toluene obtained frorii 
coal-tar (i. 674). It is converted by fuming nitricacid into a nitro-compound, C’IPNO®, 
having the peculiar bitter-almond odour of nitrotoluene, boiling at 222° — 223® 
(uitrotoluene boils according to Dcville at 225°, according to Wilson at 220° — 226°); 
and converted by sulphide of ammonium into a crystalline base, C^II*N, having all the 
properties of ordinary toluidino or benzylamine (i. 676). Phenyl-methyl dissolves in 
fuming stdphuric forming sulphotoluylic acid, C’H®SO*; and (like toluene) 
it is converted by oxidation with sulphuric acid and chromate of potassium into 
benzoic acid. 

In its identity with toluene, phenyl-methyl differs remarkably from phenyl-ethyl 
and phenyl-amyl, the former of which is isomeric, but not identical with xylene, the 
latter with cumene. 


PBBBYXi-MBTBYZiAXBZXrES. 

MINES (p. 463). 


See Methylanilinb, &c., under Phbhyia- 


PBBBY&-BAPBTBYaA-8V&PBOCABBA]«Zl>B. 


(CS)" 

C«H» 


N*. Isomeric 


CioH» 

or identical with sulphocyanate of phenyl-naphthylaxnmonium (see Naphthylamie*, 
P. 22). 


PBBWYXH-ZrZTBOSmrZAMZZIS. See Phenyl-bbnzamide (p. 476). 
PBUTTE-OXAZiinBAllSZim. See Oxalttbamidh (p. 278). 
PBBBYXi-OXAlMCZC ACZO. See Qxahic Ethebs (p. 282). 
PBBlTYXi-PBOSPaAZIlZZC ACZB. See Phosphamio AciO* 


PBBBYX1.PBOSPBAIIKZBB. 

PBBirYZ.-PBTBAXiAM;ZC A 
PBSB'YB.PHTHA&Z1IIZ1>B. 


See Phosphamidb. 


1 


See P^THALic Axhd, Axidbs of. 
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pII»N«i-PT»0*riUlTRA»lXC ACXB. » ^ ^ 

pBSVPXi-PrROTARTRAMXBX:. \ Pyaotartaric Acid, Ahidbs 


OK. 

See Salicylamides. 

pBEWSf^L-SIWRAlUXiril. See Sinnaminb. 


pBBWTf*»“®^*''^3RAlKXX!DXS. See Si'EAiac Acid, Amides of. 

pBBxnrii-SfraExiAMic acxb.» ^ 

PBBRYXi-SinaXiSlAMXBXS. \ fettBERic Acid, Amides of. 


PHSlVTB-SirCCXBrAMCXC ACXB. 
pBBOTXi-BVCOXM-AMtXBS. 

pHSxm-succxxrxMXBxs. 


Sec Succinic Acid, Amides op. 


pH£»rYXi-StrX.FBA»KXG ACXB. See Sulpuamic.Ethers. 


PBSRYX.-SI7X.PBOCARSATMXBES. See Carbamide (i. 766). 
PHSRYZi-SVXiPBOPHERYBAPEXBXS. See Sulphophknyl amide. 
PHBM’YB-SVXiPHTrRXC ACXB. See Sulphuric Ethers. 
PHSlVYXi-SUBPllUROU'S ACXB. Seo Sulphurous f/ruKits. 
PHSBTYXi-TARTRAIMEXC ACXB.) 

PHSlUYXi-TARTRAXIKXBB. V See Tartaric Acid, Amides op. 

PH£2a^YX.-TARTRXllXXBE. ) 


PiZEBYZi-THXOSXJN'AlIKXBrBa See Thtosinamine. 

PHBBYXi-TOXiYXiAXUEXlirS. See Phenyiamines (p. 454). 

PStEBYXi-irRfiAS. S(>(} Carbamide (i. 755). 

PH£»rYIi-VAX.SRAnKXBE. See Valer^imide. 

PHXXiXiXPSXTXS. Linie-liarmotoTne (sec Harmotomb, iii. 13). 
PHIX.BYGX:RX»r. C2'IP‘0«. (Eert.agnini, Ann. Ch. Phnrm. xcvii. 1()9.)--A 
iTsinciis subetMUCu pro(lnc(‘d ])y boiling phiilyrin with dilute bydrochloric acid, op 
hotter, by the iiictic Amtuc illation of pliillyrin. It crystallisivs reiulily in a white nacreous 
iiuiHs. It is insoluble in cold tmtvr^ very little soluble in boiling water, but dissolves 
oasily in alcohol and ether. It is polymeric with saligenin ; C'** ri‘'CP » SC^HH)*. 

With chlorm(\ hramine and nitric acid, phillygeiiiii forms suhstitution-diTivatives 
similar to those obtained in like manner from phillyrin (De Luca). Alonohrophilly- 
genin, C“'II‘^*PrO®, crystallises in shining needles. 

^SXXiXiYRXW. (Campona, Ann. Ch. Pharm. xxiv. 242. — Ber- 

tagnini, ibid, xcii, 109. — I)e Luca, ildd. exviii. 121.)— A substance contained in 
bark of Phittyrea latifolia, wlionce it is extracted by treating the aqueous decoction of 
the bark with qiiick-Jirne or oxide of lead, evaporating t!ic filtrate, and leaving it to 
crystullise. According to I)e Luca, the mother-liquor contains maanite. 

Phillyrin is white, crystallisablo, inodorous, bitter, sparingly soluble in cold water, 
more soluble in boiling water and in alcohol (Campo na). 1 pt. of phillyrin dissolves at 
9° in 1300 pts. water, and in 40 pts. alcohol (De Luca). It is nearly insoluble in 
ether, quite insoluble in oils both fixed and volatile (Campona). It melts at 160® 
to a colourless liquid, which begins to decompose at 250®. (De Luca.) 

According to Bertagiiini, the formula of crystallised phillyrin is C**H**0".3^TPO 
(analysis, 57-C6— 67-88 C and 6-03— 6-82 H; calc. 57-75 C, 6-63 II and 35-62 O). 
|lic water of crystallisation is given off between 60® and 60®. According to De Luca, 
the amount of water in pliillyrin varies according to the humidity and temperature of 
the air, and it is all given off at ordinary temperatures over sulphui*ic acid or in a 
^tream of dry air. Pliillyrin melts at about 160® to a colourless mobile liquid. By boiL 
ing with dilute hydrochloric acid, it is transformed into phillygeuin and glucose : 

C*7H«0“ + H*0 «= C*»H*«0« + C®H'*0®. 

Phillyrin. Phillygeuin. Glucose. 

•it undergoes the same transformation by lactic fermentation. Synaptase has no action 
upon it. (Bertagnini.) 

oulphurio acid first dissolves it with red colour and then decomposes it (Campona), 
fhluto nitric acid forms with it yellow silky crystals; with a less dilute acid, crystal- 
grains are obtained; with strong boiling nitric acid the products are oxalic acid, 
and a substance which crystallises in yellow shining laminae (Bertagnin i). Accord*- 

to Do Luca, it forms m o n o - and d i - n i t ro - p h i 1 1 y r i n. 



488 PHLEGMA— PHLORAMINE. 

Chlwine and Itramine transform phillyrin into substitution-derivatives cont * ' 

1 and 2 at. chlorine and bromine, and capable of splitting up, like phillyrin itself ”*”^ 
glucose and chlorinated or brominated derivatives. 

PBXiBOliKA. An old name for the wateiv residue left in tiie distillafiA^ 
spirituous or acid liquids. '«»unanon of 

PB&BirM. See Grasses (i. 943). 

PBX.OBAPBBBB. (From bark, and colour). A brown substano^ 

obtained from the bark of certain trees, e.g, Pinus sylvestria, Platanus acenfoV 
China fiava and Bet\da alba. It is said to have the composition and to fo ’ 

a hydrate containing ^ to § at. water. (Hofstetterand Stahelin, Ann. Ch 
li. 63.— Handw. d. Chem. vi. 226.) . “n. ,.n. i Harm. 

PBXiOOZSTOB. See Qohbxjstion (i. 1089), and Gas (ii. 774 782). 

PBZiOGOPZTB. Rhombic Mica (see Mica, iii. 1012). 

VB&OS&MnrB. CITNO’ = (HUsiwetz and Pfanndler. 

Ann. Ch. Pharm. cxix. 202.)— A compound produced by the action of ammonia on 
phloroglucin : 

C«H«0» + * C®H»N0» + H*0. 

Phloroglucin, over which dry ammonia gas is passed, absorbs large quantities of it 
and melts ; and if, as soon as the formation of water has ceased, the resulting crystal- 
line mass bo dissolved in warm water, crystals of phloramine are obtained.— The brown 
solution of phloroglucin in 5 pts. warm aqueous ammonia, deposits, after standing for 
some time, crystals which must be purified by recrystallisation from warm water and 
dried as quickly as possible in vacuo over oil of vitriol. * 

Phloramine forms thin, delicate, micaceous laminae, which separate from the filter 
in the form of a film having a silky lustre. It has a slightly astringent taste, and is 
permanent in dry air. It is sparingly soluble in cold waler, easily soluble in alcohol 
insoluble in ether, * 

Decompositions, — 1, Phloramine heated over the water-bath acquires a lemon-yellow 
and ultimately a dirty brown colour, losing weight at the same time and becoming in- 
soluble in water.— 2. Phloramine either moist or dissolved in water turns brown when 
exposed to the air.— 3. Fuming nitric acid acts violently on phloramine, producing a 
yeUowish-red solution from which dark brown ciystfils separate, probably a nitro-conj pound 
The same crystals are produced when nitrate of phloramine is kept in the moist state.— 
4. When phloramine is heated over the water-bath with oil of vitriol, a conjugated 
sulphuric acid is formed, who.se barium-salt c^stallises in needles. This barium-salt, 
and the solution obtained by heating phloramine with oil of vitriol, diluting, neutral- 
ising with carbonate of barium, boiling and filtering, acquires a fine violet colour on 
addition of ferric chloride, even if the liquid is very dilute. Ry chlorate of potae- 
sium and hydrochloric acid, phloramine is converted into a dark brown resin which 
gradudly becomes lighter in colour, and when distilled, gives off a small quantity of 
oil having an intensely strong odour (perhaps chlorinated acetone) and leaves a resin. 
No chloranil is formed in this reaction, — 6. When ammoniacal phloroglucin is exposed 
to the air, the phloramine formed in the first instance disappears, and the liquid dries 
up to a black shining brittle mass, which dissolves in aqueous ammonia and is thrown 
down ly acids as a black-brown precipitate. — 7. By aqueous alkalis, phloramine is 
coloured dark and decomposed. — 8. The solution does not colour ferric cmorideotiovta. 
a precipitate with neutral acetate of lead or nitrate of silver ; neither does it reduce 
jiilver from its solution when heated therewith. 

Phloramine unites with acids, forming salts which crystallise well, and are all soluble 
in alcohol. 

Acetate of Phloramine. — ^The solution of phloramine in glacial acetic acid dries up to 
a yellow varnish without forming ciwstals. When water is poured upon it, there re- 
mains a yellow powder which when heated partly melts to a resin and partly dissolves. 

Hydrochlorate, C®H^N0*.HC1. — ^Phloramine on wliich strong hydrochloric acid is 
poured crumbles to a sandy powder which dissolves when heated, and separates on 
cooling in yellow shining laminae, perhaps consisting of the anhydrous salt. After 
solution in water, white needles and laminae are slowly obtained, which turn yellow at 
100^ and give off 1016 per cent water (1 at «■ 10 02 per cent). 

Aafrafr.— Phloramine dissolves rapidly in warm moderately concentrated nitric acid, 
the solution yielding the salt in shining bronze-coloured and needles. 

The oxalate is a crystalline salt 

Sulphate, 2C*H’NO*.H'‘*SO*. — A solution of phloramine in dilute sulphuric acid yield® 
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by spontaneous eraporation, long yellowish brittle needles, which, when heated over 
tiie water-bath, acquire a bright yellow colour and give oflf 9-38 per cent, water 
(2 at. =■ 9-37 per cent.). 

moMTAMIO a.cn>. C-H"NO» » (C-H* 0 )”IN (Hlasiwets, Ann. 

H j 

Ch. Pharm. cii. 162.)--An acid produced by the prolonged action of strone ammonia 
on ethyl-phloretic acid (p. 491) : 

) H® "I 

(CW0)"j0* 4. NH* * (C-^OyjN + 

After being freed from ammonia and alcohol by evaporation, it crystallises from hot 
wrttor in slender shining prisms. It dissolves in alcohol and ether, melts between 1 10° 
Hiul 111?, and sublimes partially with loss of ammonia. Its aqueous solution is coloured 
blue by ferric chloride. It appears to unite with alkalis, but does not decompose 
carbonates, and is altogether but a very feeble acid. 

PBX.OSETXC iLCn>. (Hlasiwetz. Wien. akad. 

her. xvii. 382; xxiv. 237 ; Om. xiii. 308.) — ^An acid produced, together with phloro- 
glucin, by the action of caustic potash on phloretin : 

Phloretin. Phlorctic acid. Phloroglucin. 

It is prepared by dissolving 30 grm. of phloretin in about 200 c. c. of potash-ley of 
Kpccific gravity 1*25, and evaporating with ebullition till the mass has become thick. 
The product is then dissolved in boiling water, carbonic acid gas passed through the 
solution, the liquid evaporated to dryness, and the residuo treated with boiling alcohol, 
which dissolv^cs the pbloretate of potassium and leaves the greater part of the phloro- 
gluciu undissolved. Ether is then added to the solution, which precipitates the 
})hloretate of potassium as an oily liquid ; the ether is decanted ; water is added ; and 
the liquid, after concentration, is mixed with hydrochloric acid, which precipitates tho 
phlorctic acid : it may be purified by repeated crystallisation from alcohol and from 
water. 

^ Pbloretic acid forms long brittle prisms, having a sour and slightly astringent taste. 
Prom alcohol, and especially from ether, it is deposited in very large prisms. The 
crystals are monoclinic, <ixhil)iting the combination oP. coPoo. —Pco. -+- |Poo . [Pool. 
+ P, &c. Angle —Poo : ooPoo = 138^^ 61'; + fPoo : ooPoo =i 143° 19'; [Pc©]: 
oP = 114° 15'. It melts between 128° and 130°, and solidifies in a crystalline mass 
on (‘ooliiig. It is somewhat less soluble in water than in alcohol; the solution may be 
boiled continuously without decomposition. When mixed with armnonia and agitated 
ill tlie air, it assumes a ri'ddish colour. With solution of calcic hypochlorite it a.ssumes 
fi transient brown colour; with ferric cJdoride a green colour. Tho solution super- 
saturated with ammonia reduces mtrate of silver on application of heat. 

Ihvompositio?is. — 1. Phlorctic acid when strongly heated gives off suffocating odours, 
burns, and leaves very little charcoal. — 2. With bromine it forms dibromophlo- 
re t i c a c i d. — 3. Pulverised phlorctic acid placed in a flask filled with chlorine, molts, with 
disengagement of heat, the colour of tho chlorine disappearing, and hydrochloric acid 
appearing in its place. The product disstdves in alcohol and in etht'r, but not in 
Water; the solution when evaporated leaves a soft, sticky mass, which forms with soda 
a compound solidifying after some time to a deliquescent crystalline mass. — 4. With 
hijfhochloric acid and chlorate of potassium it assumes at first a reddish-brown colour, 
gives off abundance of gas when heated, again becomes yellow’, and partially changes 
into yellow flakes. — 6. Triturated witli pentacMoridc of -phosphorus, phloretic acid 
becomes warm and liquid, and gives off much hydrochloric acid gas with effi'rvescenco. 
iJn distillation, oxychloride of phosphorus passes over at 100°, and a fuming liquid 
remains, which decomposes with water, into phloretic acid, hydrochloric acid, and 
pbosphoric acid ; and at a higher temperature becomes brown, froths up, and gives 
°a a small quantity of oxychloride of phosphorus, leaving charcoal as a residue. — 6. By 
t'xposure to the vapour of sulphuric anhydride^it is converted into siilpho-phlorotic 
acid, C*H*®0*.SO“ (Nachbaur, Wien. akad. Ber. xxx. 122). — 7- When concentrated 
Citric acid is poured on phloretic acid, it dissolves, forming a red solution, with disen- 
gagement of heat, intumescence, and liberation of red vapours ; the solution on cooling 
ecoines filled with yellow crystals of dinitrophloretic acid. If the temperature 

not kept down, oxalic acid is also formed. Powdered phloretic acid gradually added 
^ cold concentrated nitric acid, is dissolved without formation of red vapours, and after 
time dinitrophloretic acid crystallises out. If nitric acid be added to warm 
*^neou8 phloretic acid, effervescence takes place, nitric peroxide is disengaged, the 
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li(^uid becomes coloured, and brown resinous drops separate, which by continued heat* 
with addition of a little nitric acid, disappear, while dinitrophloretic acid ctystallises 
after a little time.— 8. Phloretatc of barium mixed with lime, and a little powdoml 
glass, and heated, yields phloretol as a brown oily distillate. ^ 

4- Ba"0 sr C«H*«0 + Ba'CO*. 

The same compound is obtained by distilling phloretate of calcium with formate of 
calcium.-— 9. With chloride of act (or chloride of biityryl or chloride of benzoyl) it 
gives off hydrochloric acid, and forms peculiar acids (Hlasiwetz). The product 
formed with chloride of acetyl is acetylphloretic acid, C®H®(C“IP0)0® (v. Grilm 
Ann. Ch. Pharm. cxii. 180). — 10. Phloretate of potassium or phloretate of silver heated 
with iodide of ethyl or iodide of amyl, yields ethyl-phloretic acid, 
or amyl-phloretic acid, C®H®(C*H**)0*. (Hlasiwetz.) ' 

11. Phlorotic acid heated with pJdorogltunn yields, not phlorotin but metaphlo- 
retin. (Hlasiwetz, p. 492). 

Phloretates. Phloretic acid is dibasic, forming neutral salts, C®H®]y[*0* or 
C®IT«M"0=‘, and acid salts, C®H®MO® or C»“H*«M"0® = C®H®M"0''.C®H‘«0®, Hcourding 
to the atomicity of the metal. It decomposes carbonates, mostly forming acid salts^ 
The phlorotates are all erystullisablo. The acid salts have a neutral, the neutral tiulis 
an alkaline reaction. When heated they emit an odour like that of phenol. 

Phloretates of Barium, liha neutral salt, C®IPBa"0®, is formed by precipitiitinfr 
a boiling solution of the acid sjdt with very strong baryta-water. It.crystalliscs from 
boiling water in needles containing 5 at. water, four of which are given off at 1G(I 
The acid salt, C''’H^”Ba"0® obtained by saturating a warm aqu(‘Ous solution of tlio 
acid with carbonate of barium, crystallises in long flat transparent prisms, which bi;- 
como dull at 100°. 

Phloretates of Calcium. The neutral salt is precipitated on adding a solution 
of lime in sugar-water to a concentrated solution of lime in phloretic acid till the liquid 
becomes alkaline. It crystallises, by evaporation in vacuo, in white laminse having an 
alkaline reaction. It is decomposed by carbonic acid. 

Phloretates of Copper. The acid salt, C’^H'^Cu^O^/iH-O, obtained by de- 
composing a solution of the stilpliate with phloretate of barium, forms emerald-gre(m 
crystals which give off their water at 100®, dissolve sparingly in water and alcohol, hat 
readily in ether, with emerald-green colour. The neutral salt, C®TPCu"0®, sepsinilcs 
out when an ethereal solution of the acid salt is continuously warmed or boiled, in beau- 
tiful shining bluish-green spangles containing 1 at. watcjr, half of which is given off at 
100°, leaving a hydrate containing 2C*IPCu"0®.H^O. 

Phloretates of Lead. The neutral salt, 2C®lPPb"0®.IPO, is obtained as a heavy 
bulky precipitate on saturating the acid with carbonate of lead, and mixing the hot fil- 
trate with basic acetate of lead. It retains its water at 100°. A hasic having 
nearly the compo.sition 2C®H“Fb"0^.Pb"0.2lT‘'0, is precipitated on adding basic acetate 
of lead to a cold solution of phloretic acid saturated with carbonate of lead. 

Phloretate of Magnesium separates from a solution of magnesic carbonate in 
aqueous phlorotic acid, in colourless crystalline geodes resembling wavellite. 

Phloretates of Mercury^ Phloretic acid forms vvith merettrous nitrate cry 
precipitate consisting of needles ; with neutral mercuric nitrate a crystalline precipitate 
formed of transparent plates. 

Phloretate of Potassium, C®H®KO*, is obtained by mixing the aqueous acid 
with caustic potash, saturating the liquid with carbonic acid, evaporating, exhausting 
tlie dry mass with strong alcohol, and purifying by pressure and recrystiillisation. fly 
spontaneous evaporation of the alcoholic solution, it is obtained in colourless radiating 
laminae or in rather large prisms. It has a warm saline taste, effloresces in the air, and 
gives off all its water at 100°. Its alkaline solution turns brown on exposure to the air. 

Phloretate of Silver, C®H®AgO®, is obtained by precipitating the sodium-sidt 
with nitrate of silver. The. liquid solidifies to a crystalline magma, which must be 
filtered in the dark, washed with cold water, and then dried, first between paper, and 
afterwards at 100®. It forms dazzling white needles, which when moist blacken readily 
in the light; dissolves easily in ammonia and in acetic acid. 

P hloretate of Sodium, C®H®NaO*, prepared like the potassium-salt, ciystallisfs 
a highly concentrated solution, which soon turns reddish in contact with the air, m 
radiating efflorescent prisms. 

Phlo relate of Zin c. — The neutral salt appears to be formed as an insoluble preciF' 
tate when phloretic acid is boiled with excess of carbonate of zinc, and remains undis- 
delved, while the acid salt piisscs into solution. 
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TheoeWiiaW, e'*H;*Zn’'0» ciystftllisea immediately from a solution altered at the 
boiling in nat jinsnifl and laminaB of a velvety lustre, and resembling cholesterin : 
permanent in tlie air; very sparingly soluble. 

phloret^te of Urea, CII‘N®0.2C®H*®0*, is obtained by mixing a solution of Spts: 
of urea and 1 pt. of phloretic acid, in broad, lustrous laminae, or featheiy striated 

crystals. 

Derivatives of Vkloretic acid» 

Dlbromopbloretto acid. C"H«T{r-0=». (Hlasiwetz, Ann. Ch. Pharm. cii. 146.) 
^Obtained, by adding bromine to pulverised phloretic acid as long as hydrobromic 
jund continues to escape, as a slightly coloured powder, which crystallises from alcoliol 
in hill’d culouvless prismatic grains, and may be completely purified by washing with 
witer, and precipit ation with hydroclilorie acid from its solution in ammonia. It melts 
in an atniosphere of clilorine gas, becoming hot, giving off hydrochloric acid, and form- 
iijfj an uncrystal I isalde product insoluble in water, soluble in alcohol and ether. 

The ammoniiim-salt, ih sparingly soluble in cold water, and easily 

docornposiblo. The harium-mlt, C'“II* Mxi"Br'0« (at 120°), precipitated from the am- 
moiiium-salt by chloride of barium, forms prismatic crystals. 

Dlnltropliloretlo acid. CTPK-O^ = C’-'IPCNOO^O*. (Hlasi wetz, /ec. c?^.) 
—This compound, produced by tlie action of nitric acid on phloriMic acid, exhibits two 
difTi'i’cnt modifications according to the manner in wliich the action takes place. 

The first modificatioii (a) is formed when plilorctic acid is dissolved in nitric acid 
dightly concentrated and ki'pt cool. Yt‘llow grains then form in the red solution; and 
on rccrystallising these from water and alcohol, tlie acid is obLiiimul in shining lemon- 
yellow prisms, easily soluble in alcohol with ycllowi.sh-r(*d colour, fusible, not detonating, 
having a slightly bitter ta.ste, and colouring like piieric acid. 

The detonating salts of this acid are obtained by saturating its arjueous solution with 
the respective carbonates, or l.>y procipilatioii from concentrated solutions of the am- 
moninm-salt. Tlie potas.num-;<alt, 2(j'dl'‘Jv"(NO“)“0‘*.H-t) (at 120’-’), crystallises from 
dilute alcohol in deep orange-coloured prisms. Tlie harinni-sa.It, 2C'T Pl?a"( NO‘')“'0^.H*O, 
forms orange-coloured iummIIcs; the cahuujn-salt yidlow noinilos. Tlie L' ad-salt is a 
deep red, tlie silvtr-sdit a I’i'd, tin* ro/jjv r-salt a yellow precipitate. The ammoniiiin- 
gjilt forms W’ith ntrrvuric rhlomli a yidlow precipitate amorphous at first, becoming 
cr)’.stal line afterwards ; witli siannons chloride a yellowish, uiul with /crr/c? a 

light brown precipitate. 

The second modification (fi) of the acid is produced by dropping nitric acid into a 
Wiirm aqueous solution of phlondic acid. Tho crystals which separate, form when re- 
ciystallised from alcohol, dark yellow shining laminre and scales. 

The cempouiubs of this acid with the alkaline earths can be olitained only by satur- 
iiting the acid with the corresponding hydrati's or carbonates, whereas those of the a 
modification are obtained in the crystalline state by precipitation from tlio ammonium- 
salt. 

The p~am7nonium-salt, 2CTI®(NTT^)*(N0*)'0*TT*0, efiloro.scos in dark yellow needles; 
the hariu/n-saltj 2C‘’II®13a"(N O-^-OMFO, separates in nodular groups of oraiig(‘-yellow 
ci’ystals. 

PBlbORETZC STHEZIS. These are compounds produced by the substitution of 
1 at. of an organic radicle for 1 at, hydrogen in phloretic acid. 

Acetic Pbloretate or iioetyl-pliloretio acid. ■■ C®IT®(C“1P0)0*. 

(H. V. Gilrn, Ann. Ch. Tharm. cxii. 180.) — Produced by tho action of chloride of 
^etyl on phloretic acid. When crystallised from dilute alcohol, it forms thin colourless 
interlaced prisms having a vitreous lustre and an acid reaction. It is insoluble in cold 
water, soluble in alcohol and ether; melts below tho boiling point of water, and partly 
sublimes ; decomposes carbonates ; is not coloured by f(.*rric chloride. 

^itro-acetylfhlorciic acid, C‘'IP((PlPO)(N0*)O*, is obtained by dissolving acetylr 
phloretic acid in nitric acid of ordinary strength, and immediately mixing tho product 
with water. It crystallises from alcohol in golden-yellow shining laininfc. 

Sthyiio Pbloretate or Etliyl-phloretlo aold. C“II"0* = C’'1P(C‘H®)0*. 
(Hlasiwetz, Ann. Ch. Pharm. cii. 161.)— This compound is easily prepared by heat- 
phlorctate of potassium or silver with ethylic iodide to 100^ in a sealed tube. It 
18 colourless and viscid; lias a faint odour and irritating faste ; boils above 266° ; is 
Hot in^mmablo ; dissolves in alcoliol and ether, but is in.^joluble in water. It has the 
same index of refraction as salicylic ether for a particuUir ray in the orange, but its 
dispersive power is much less than that of salicylic ether. 

J^thylic XHnitrophLorctate, C«H’(C-H»)(NO-)-0®, is obtained by treating ethylic phlo- 
f^ate with nitric acid, as a golden-yellow oil which solidifies in the crystalline form 
» wMle^ and crystallises from alcohol in light yellow crystals. 
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PHLORETIN. 


Amyllo Pbloretatb hi Amjrl-pliloretio aotdt 

prepared like the ethyl-compound, is colourless, very viscid, has a slightly rancid odo^' 
a sharp taste and boils abovd 290°. With nitric acid it yields a crystallinA 

^ «««««« niiBo. 


compound. (Hlasiwetz, ioc. ctY.) 


C**H*^0*, (Stas, Ann. Ch. Pharm, xxx. 200. — Gl. Boser ibid 
Izxidv. 178. — Hlasiwetz, ibidi xcvi. 118. — Gm. xvi. 8.) — substance produced bv 
the action of dilute acids on phlorizin (p. 493). To prepare it, phlorizin is dissolved in 
a cold dilute acid, and the m^uid subsequently heated to 90° : it is then deposited 
in the crystalline state. 

Phloretin ciystallises in small white laminae, having a saccharine taste, nearly iu. 
soluble in cold water, very sparingly soluble in boiling water, and in anhydrous ether' 
soluble in all proportions in boiling alcohol, wood-spirit, and acetic acid, whence it is 
deposited in shining grains. (Analysis 64*6—65*4 C and 6*2 — 6*4 H; calc. 65*7 C 5-i 
H, and 29*2 O.) 

Phloretin melts at 180°, and decomposes at a higher temperature. Strong acids fop 
the most part, dissolve it without alteration. Nitric acid^ however, converts it into 
nitro-phloretin. Chromic add resolves it into formic acid and carbonic anhydritlo 
(Stas). When pulverised phloretin is treated with bromine under ether, a mixtunj of 
tri- and tetra-bromopbloretin is produced ; but when phloretin is heated with excess of 
bromine, a number of bodies crystallising in needles are formed, which appear to bo 
substitution-products of phloroglucin (Schmidt and Hesse, Anj;^ Ch. Pharm. cxiz. 
108). It is dissolved without alteration by alkalis ; the solutions have a^ery decided 
saccharine taste, and in contact with the air, absorb oxygen and fon|ri^ prauge- 
coloured body. But by boiling and evaporating with strong potash^ey^ plUidiiptiu^^iji 
resolved into phloretic acid and phloroglucin (pp. 491, 496). . 

Phloretin rapidly absorbs 13 or 14 per cent, ammonia-gas, without losing wat&. It 
dissolves in strong aqueous ammonia, but separates, after a few seconds, in shining 
yellow laminte, which give off ammonia when exposed to the air, or when heated. The 
solution of the ammoniacal compound pre^cipitates the salts of manganese, iron, zinc, 
copper, load, silver, &c. The lead-compound, obtained by adding basic acetate of lead 
to an excess of phloretin-ammonia, and drying the precipitate at 140° in a current of 
air, contains 2C‘*H*^0*.6Pb"0. (Stas.) 

Tetrahromophloretin, C* — When finely-pulverised phloretin is covered 

with ether, and bromine added to the mixture cooled from without, the bromine is 
absorbed, with evolution of heat, and a mixture of tri- and tetra-broinophloretin is formed, 
which, after removal of the ether and the resulting hydrobromic acid, may be completely 
converted into tetra-bromopliloretiii by ronewed tiuatment with bromine at a gentle heat 
The product is boiled with water ; the residue is dissolved in boiling alcohol ; the 
solution precipitated with water; and tho pale yellow crystalline precipitate is purified ]; 
by boiling with weak alcohol and recrystallisation from boiling alcohol. Phlorizin, treated 
with bromine under ether, likewise yields totrabromophloretin, a mixture of mono- and 
poly-bromophloro-glucin being formed at the same time. 

Tetrabromophloretin crystjillises in small pale yellow needles, wliich do not lose 
weight at 100° ; it is decolorised by animal charcoal, but. soon turns yellow again. It 
is insoluble in boiling water, sparingly soluble in boiling alcohol, easily soluble in etJier. 
It melts between 206° and 210°, acquiring a dark red colour, and decomposing with 
effervescence. It dissolves with yellow colour in aqueous ammonia and soda, ths 
ammoniacal solution turning brown after a while. In boiling lime-water it turns violet, 
and forms an amorphous violet substance. | 

Nitrophlorctin, C‘*H“(NO*)0® (?), called also phloretic add (by Stas), and nitro^ 
nhloretic add, is produced by the action of strong nitric acid upon phloretin. It is 
Drown, amorphous, insoluble in water and in dilute acids, soluble in alcohol, wood- 
spirit, and alkalis. It decomposes at 160°, giving off nitric oxide. Sulphur® 4^ 
dissolves it with blood-red colour. 

(C»H»Oy' ) 

Metaphloretin. « (C®H»0*)nO» (?) (Hlasiwetz, 

IBT y . 

Pharm. cxix. 199.) — This compound (not named by Hlasiwetz, but called o-phlore^ 
in Chmelin' 8 Handbook, xvi. 10) is produced by heating phloretic acid with phloroglucin. 
The mixture, heated to 160® in an air-bath, melts together, and gives up water. If kept 
for six hours between 160° and 180°, it deposits a granular mass, and ultimatelT 
becomes ^uite solid. The brown mass, when boiled with water, dissolves slowly, ao" 
the solution, even before it is quite cold, deposits crystalline scales, which 
purified bjr washing with warm water, and recrystallisation from boili^ water witu, 
116^ of animal charcoal. ^ i 

The compound forms nearly colourless microscopic laminae, having 
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with sweetish sfter-taste. It is nentral ; unalterable at 1^0®; colours aqueous /ems 
Jw>r«fowlet _ -1 ./ 

C*H**0, — (Hlasiwct^^Ann. Ch. Pharm. cii. 166.)— This com- 
iioiind, metameric with ethylic phenate or phenotol (p. 391), is produced by distilling a 
mixture of pliloretate of barium, caustic lime, and a little powdered glass, in small 
portions over an opei^flro. Tho brown oily distillate ii» dehydrated by decantation and 
drying over oil of vitriol, and then rectified. 

Phloretol is a colourless, strongly refracting oil, which becomes thicker at 18® ,and 
boils at 190®— 200®. Specific gravity 1-0374 at 12®. Vapour-density, obs. - 4-22; 
Oiilc. 4*23. It has an aromatic odour, suggestive of phenol, and a burning taste. 
Placed on the skin it causes a bum. It coagulates albumin almost as rapidly as phonol. 
A splinter of pine-wood dipped in aqueous phloretol, and then soaked with hydrochloric 
acid, assumes, when dried in the sun, a colour similar to that of one soaked in phenol. 
It is only slightly soluble in iuater^ but mixes in all proportions with akoJiol and 
€thr. _ .... 

Decom/positions. — 1. In vessels containing mV, it becomes yellowish, and then smells 
of stjrol. — 2. When soaked up into a wick it may he inflamed, and then burns with 
a bright, fuliginous flame.— 3. Dissolves in ail of vitriol ; tho solution, after standing 
somo time, is no longer precipitated by water, but then contains a conjugated sulphuric 
acid which forms with baryta a soluble, easily crystallisablo salt. — 4. When 
bromine is poUred on it, hydrobromic acid is liberated, and after tho excess of bromine 
is expelled, a whitb crystalline substitution-product is left, which is soluble in alcohol, 
but not in |j(j|ter.— 6. With chlorine it forms a substitution-product. — 7. When dropped 
ink) nifiSi-io acid it hisses like a red-hot metal, and forms trinitrophloretol, 
with violent action and disengagement of nitric peroxide. 

nXiORSTTXi. C*H"0. — The hypothetical diatomic radicle of phloretic acid and 
its derivatives. 

' Chloride of phloretylf (C®H"0)"CP, appears to be formed by the action of penta- 
chloride of phosphorus on phloretic acid, according to the equation, 

= 3C«H'Oa« + 2POC1' + 3HC1 + PH>0‘. 

On distilling the product, oxychloride of phosphorus passes over at 110®, and the 
Ksidue can no longer be heated without decomposition. When treated with water 
however, it yields phloretic, phosphoric, and hydrochloric acids. (Hlasiwotz.) 

PB&ORZZEZXir. (Stas, Ann. Ch. Pharm. xxx. 206.) — Produced by 

the simultaneous action of air and ammonia on phlorizin : 


+ 2NH’ + 0* « 

! It is precipitated on adding an acid to tho product of tho reaction. To obtain it pure, 
Stas (Ann. Ch. Phys. Ixix. 367) precipitates the crude product of tho above reaction 
, with alcohol ; dissolves the precipitate in the smallest possible quantity of water ; and 
adds alcohol acidulated with acetic acid to the solution drop by drop. Tho precipitate 
is then washed with alcohol of continually increased strength. 

Phlorizein is a reddish-brown, uncry stallisable solid, differing in aspect according to 
the state in which it is examined. Its taste is slightly bitter. It dissolves easily in 
boiling water, but is nearly insoluble in alcohol, ether, and wood-spirit. It yields by 
analysis 48*1 — 48*6 C, 6'6 — 6*4 H and 6-0— 6-4 N : (calc. 48’6 C, 6*8 H, 6-4 N, and 
, 0 )- 

t Phlorizein is decomposed by heat. Fixed alkalis gradually alter its colour, trans- 
forming it into a brownish substance. 

l^hlorizeate of ammonium is difficult to obtain pure. The best mode of preparation is 
to place phlorizin under a bell-jar above a solution of carbonate of ammonia, into which 
f^f^gmeuts of caustic potash are thrown from time to time. If care be taken to avoid 
of ammonia, a blue crystallisable substance very soluble in water is some- 
bWlfcfpbtained ; but more frequently the product is brown-red. 

The c^ is decolorised by sulphydric acid, sulphide of ammonium, and stannate 

' potassium, but the decolorised solution gradually resumes its blue tint on exposure 
to the air. The solution of phlorizeate of ammonium is likewise decolorised by hydrato 
' o^^uminium, the alumina acquiring a blue colour. 

. BolutioB precipitates salts of iron, zinc, lead, and silver. The silver-precipitat® 
M blue, and is decomposed by water. 

»B&ouuir. C**H**0'« — PA/otrAmw, Phloridzin (from bark, and ^ 1 ( 0 , 

^t). [Stas andDe Eoninck (1836), Ann. Ch. Pharm. xv. 76.— Stas, Ann. Ch. 
1*0. 867.— Mulder, Rev. Sciej^iii. 60.— Roser, Ann. Ch. Pharm. Ixxxiv. 
ibid. Ixxiv. 184.— Gm. Jm 11.]— A substance existing ready formed in 
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the iDot-barl^pf thempple, fear, plum, and chci^-tree. It is extracted by weakalcoli 1 
and the alcoholic ablution, decolorised by animal charcoal, and concentrated denomV 
crystals of phlorizin on cooling. The j| p t-bark of the apple-tree is the best 
of phlorizin, beisause it contains less cdRring matter than that of the other trees 
Phlorizin cj^StalHsos in long silky needles or tufts. It has a slightly bitter taste ’ 
sparingly soluble in cold water, but dissolves in all proportions in boiling water* 
Alcohol and wot)d^8pirit dissolve it readily, but it is quite insoluble in ether. 

The crystals of phlorizin contain 2 at. water, C**H®*0*® 2H®0 (analysis, 5‘i-8~53 Q n 
and 6*0 — 62 H ; calc. 63*4 C, 6*9 H, and 40*7 O). At 100° they give off their water 
(7*6 percent.) and leave anhydrous phlorizin, (anal. 67*4 C and 6*7 II . 

calc. 67*8 0 and 5*6 H), which melts at 109° and decomposes at 200° yielding a red 
substance called ru fin and other products. 

Strong evl^htiHc acid at 60° or 70° converts it into a red substance called rufi - or 
rutilo-sulphuric acid. (Mulder.) 

By prolonged contact with dilute atdphuric^ phosphoric^ or hydrocMorie acid it ig 
resolved into glucose and phloretin. The same change is induced by oxalic add 
at 90° : 

+ H*0 =: C«H»0® + 

Phlorizin. Glucose. Phloretiu. 

100 pts. of phlorizin thus treated yield from 41 to 42 pts. glucoSe (calc. 41*3 pts.). 

Strong nitric acid converts it into oxalic acid and nitrophloretin. 
C'®H‘»(NO*)OX?) 

Strong hydrochloric add converts phlorizin into a dirty red^ amorphous substance 
without dissolving it. (D e K o n i n ck.) 

When phlorizin is triturated With of its weight of iodine^ a greyish-viplet mass is 
formed, from which water separates black flocks (Vogel, N. Bi*. Arch. xvi. 165).— 
When phlorizin is covered with ether and hromine is dropped into the liquid, as long 
as it is decolorised thereby, the phlorizin dissolves completely ; and on evaporating thp 
solution, boiling the residue with dilute sulphuric acid (to decompose phlorizin), and 
recrystallising, telrabromophloretin (p. 492) is obtained (Schmidt and Hesse, 
Ann. Ch. Pbarm. cxix. 106). — Chlorine^ bromine and iodine evolve heat from dry 
phlorizin, and convert it into a brown viscid resin (D e K on i n ck). Phlorizin tnnit'd 
with chloride of iodine yields only amorphous products (Stenhouse, Ann. Ch. Phann, 
cxxxiv. 218). 

Alkalis dissolve phlorizin witliout alteration, and the solutions are permanent in tlie 
air. Boiling potash produces a black substance. 

Phlorizin absorbs 11 or 12 per cent, of dry ammoma~gns,a.\\(i the product exposed to 
the air gradually assumes an orange then a red tint, ultinuitely becoming dark blue, 
and then consists of phlorizeato of ammonium (p. 493). 

. Vhlorizate of Barium is obtained by mixing the solutions of phlorizin and baryta in 
wood-spirit. A precipitate is then formed which loses its alkaline reaction on exiio.suro 
to the air, and becomt's brownish-red, yielding carbonic anhydride, acetic acid, and a 
peculiar colouring matter. It appears to contain C-'IP'0*®.Ba''0. (anal. 4()’3 C, 4*1 H, 
and 29*8— 30-2 BaO; calc. 42 8 0, 4*1 H, and 25'8 P,aO). 

' jphlorizate of Calcium appears to contain 2C‘’IP‘0'®3Ca'TT‘02 (anal. 15-2— 14 per 
cent, lime ; calc. 15 3.) It is obtained by eviiporating a solut ion of pliloriziu ur 
lime-water. By exposure to the air, it is decomposed like the barium-compound. 

PMorieate of Lmd appears to contain 3Pb"0 (anal. 24-9 C, 21 H, and 

69-2— 60-0 PbO ; calc. 22*7 C, 2T H and 60*6 PbO). It is produced as a white pre- 
cipitate on adding basic acetate of lead to a boiling solution of phlorizin, the latter 
being in excess. 

PB&OROGXiTrcxnr. C«H«0». (Hlasiwetz, Ann. Ch. Pharm. xcvl 118; cxii. 
96 ; cxix. 199. — Gin, xv. 65.) 

Formation. — 1. Phloretin boiled with potash-ley is resolved into phloretieacid znd 
phloroglucin. — 2. Quercetin, under the same circumstances, is resolved into querostic 
acid and phloroglucin. According to Hlasiwetz: 

-h H®0 « + C»IPO*; 

Quercetin. Quercetic Phloroglucin. 

'' acid. 

acQOsding to Zwenger and Dronke (Ann. Ch. Phaim. cxxiii. 164) : 

3C>*H>®0» + H*0 « C«H'<0*® + 3C®H®0*. 

, Quercetin. Quercetic Phloro- 

’ . acid. gluciu. 

3, Qaeroetin in alkaline solution treated- with fcodium-aroalgam is al^ convert^ 
into phloroglucin, together with a colourless product different from qoe^tic sci 
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/tf Iftgiwetz, Ann. Ch.Pharm* cxxiv. 358). — 4.Morintanmcacidor madman (iii. 1040), 
Lixed with hydrate of potassaum and evaporated to a pasty mads, is resolved into 

hloroglucin and protocatechuic acid (H 1 a s ij^t z and P f a u n d 1 e r) : 

^ C**H*»0* + H*0 CTflW + C^H*0<. 

Morintannlc Phloro. Protocatel 

acid. gliicin. chuic acid. 

jYrtJdrdftVw.— 1. The mixture of phloroglucin and carbonate of potassium obtained 
as described in the preparation of phloretic acid (p. 489) from which all the phlore- 
tate of potassium has been extracted by' alcohol, is dissolved in water; dilute sulphuric 
acid is added in slight excess ; and the mass is evaporated to dryness over the water- 
bath, and then well boiled with alcohol (better with ether-alcohol). The alcohol is 
distiiltd off and the residue left to crystallise, whert?by strongly coloured crystals 
are obtained, the mother-liquor also yielding an additional quantity. They are dis- 
aolvod in water, and the solution is mixed with acetute of lead (which produces no 
precipitate), and saturated with sulphydric acid, the precipitated sulphide of lead 
carrying down iioaidy the whole of the colouring matter, .so that the crystals which 
afterwards separate have only a yellowish tint. By re-erystallisatiou from ether and 
afterwards from water, they may be obtained quite colourless. 

2. Quercetin is added to a hot concentrated solution of 3 pts. hydrate of potassium, 
the liquid evaporated down at the boiling beat, and tho residue further heated, till a 
sample of it taken out no longer yields a tlocculent preeipitato with hydrochloric acid, 
but quickly assumes a deep red colour when dissolved in war(*r. The whole is then 
immediately dissolved in water; the solution, which instantly turns red, is neutralised 
with hydrochloric acid; and the flocks (of alpha-quorcetin and undecomposed quercetin) 
which are deposited from tho liquid on standing and cooling, are separated by filtration. 
The filtrate is eva})orated to dimness, the residue exhausted with alcohol ; the alcohol 
distilled off from the brown tincture ; the residue dissolved in water, and mixed with 
Mcetate of lead, whereby (juercetate of lead is precipitated, while phloroglucin remains 
in Holution. The lattt^r is obtained in the cry.stalline state by removing tho lead from 
tlrs filtrate with sulphydric acid and quickly evaporating, and is purified by ro- 
dystiillisation, with help of animal charcoal. 

Prcypertics. — Phloroglucin separates from aqueous solution in hydrated crystals 
belonging to tho trimetric system ; by slow evaporation they may be ob- 
tained of the size of peas, and with irregular prismatic faces. The crystals grate betw(;en 
the teeth, effloresce in warm air and in vacuo, or more quickly at 90°, giving off 22*25 
to 22 '47 per cent, water (2 at. 22*2 per cent.), and leaving anhydrous phloroglucin. 
Tho anhydrous compound also separates directly from solution in anhydrous ether, 
Plilorogluein is sweeter than common sugar, neutral to vegetable colours, permanent 
in tli(? air at ordinary tt 3 mpei’at ures, melts at about 220°, sublimes without particular 
oilour and solidifies on cooling. It dissolves in water and alcohol, and readily inether. 
It is not altered by hydrocJdoric acid; does not precipitate any metallic salt except 
htiaic acetate of lead with which it forms the compound C®Il‘‘0*.2Pb"0. It is coloured 
fifcp violet-red by ferric chloride, and produces with chloride of lime, a reddish-yellow 
colour which however soon disappears. It forms a compound with 'potash, whicli gra- 
dually separates in red-brown drops from the alcoholic extract of the product obtained 
by boiling phloretin with potash. 

P(‘co7npositions. — Amnioniacal phloroglucin shaken up with air, becomes rod-brown 
and afterwards opaque. Phloroglucin in concentrated aqueous solution is converted by 
hromine into tribromo-phlorogluciii, which immediately sepanites in the cipr stalliiie 
f<;nn, the liquid becoming hot, and OTnitting a highly tear-oxciting odoui*. Nitric acid 
dissolves it with brown colour, and converts it into nitrophlorogluci n (p. 49G). — 
Ainnwnia converts it i nto phloramine, C^H’NO* (p. 488). It reduces an aJkaline solu- 
hW of cupric oxide, like grape-sugar. It reduces mercurous nitrate yfhoii heated with 
ib and likewise of silver, with peculiar quickness on addition of ammonia, 

uiih chloride of acetyl, chloride of benzoyl, &c., it forms substitution-products, p. 49G), 

Derivatives of Phloroglucin, 

Trlbromopblorofflucln. C®HWO». (Hlasiwetz, Ann. Ch. Pharm. xevi. 
l^^O—Produced by dropping -bromine into concentrated lu^ueous phloroglucin till tho 
dolour of the bromine is no longer destroyed, and the liquid has solidified to a crystalline 
pulp; the product is then cpUected on a filter, washed with cold water, and recrystal- 
b«ed from boiling water with help of animal charcoal. ... - i. i • 

It crystallises from water in long needles (mostly brownish), from alcohol m con^ 
"itriciiUy united prisms, containing C-HWO*. 3H*0, which give off their water in 
air, or at 100°, and are reduced to anhydrous tribromophloroglucin. The com- 
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pound dissolves y^y sligh^y ; in mpi 

partly contii^ lK>il‘ 

brown oolppr in Aeneous all^lis aiid 

iritM^liliUn^oVlnol A G*i^O* •?C«H.*(N0*)0% (Hlasiwe tz and Pfanndle 
Ann. Phariiiw Bxix. 199.)— When phloroglnoin it ^ddod by small quantities to som'^' 
what dilute nh;|^. apid moderately heated and kept at a uniform temperature, a dee^ 
ted solution U fc^ed, which deposits the mtro-compound in sm^ nodules: by recrvg^ 
tallisatioh from hot water it may be obt^ned in reddish-fellow shining scales and' 
laminse, having a slightly bitter taste. It is slightly soluble m water, forming a yellow 
solution. ^ 


Aoetsrl^pliloroffliiolii. - C«H*(0®H*0)»0*? (Hlasiwetz and 

Pfaun dler, Ann. Ch. Pharm. cxix. 201.) — Chloride of acetyl acts on pliloroglucin even 
at mean temperatures, afld at higher temperatures converts it, with evolutibn of hydro- 
chloric acid, into a white crystalline mass of the acetyl-compound which, after the 
excess of ehk>ride of acetyl has been expelled, may be rociystallised from alcohol. It 
forms small odlourloss prisms which give off acetic acid when heated, and are insoluble 
in water. Its rational formula is deduced from the analogy of benzoylphloroglucin 
analysis giving no means of determining whether 1, 2, or 3 at. acetyl have entered into 
the phlopoglucin in place of hydrogen, inasmuch as all three products would have the 
same per-centage composition. (Hlasiwetz.) 


B^nzoyl-pl&loroglttolii. — C*H*(C'H*0)*0*. (Hlasiwetz and 

Pfauhdler, loc. cit .) — ^Produepd by the action of chlori^do of benzoyl on phloroglucin, 
and purified by boiling with alcohol, in which it is nearly insoluble. Crystallises in 
small, white, shining scales. 

VSbbOROirs. C®H®0*. (Horn mi er and Bouilhon, Compt. rend. Iv. 214.)— 
This compound, homologous with quinone (C®H^O“), is produced by distilling h pts. of 
coal-tar creosote (the portion of crude carbolic acid boiling between 196° and 220°), 
and 3 pts. oil of vitriol in a capacious retort, adding chromate of potassium (or better, 
peroxide of manganese) from time to time. A yellow distillate is thus obtained mixed 
with yellow drops which quickly solidify, and may be purified by pressure betwoon 
paper and recrystallisation from water at 60°. It forms splendid yellow flexible needles, 
soluble in alcohol, only slightly soluble in cold water, and smelling like quinone. It 
melts at 60® — 62°, and volatilises with vapour of water, part of it however being 
blacksnedt^and decomposed at the same time. 

, . I'he soliftiou of phlorone, like that of qiunone, is turned brown by alkalis, and thfn 
^elds a brown flocculent precipitate with acids. Phlorone is decolorised and reduced 
by sulphurous acid^ yielding a very soluble crystalline body, probably homologous with 
hydroquinone ; it does not act on polarised light. 

Metaphlorone. This is a less soluble isomeric modification of phlorone, which 
remains l^hihdwben phlorone is dissolved in water at 60 °, but crystallises in small needles 
from water at 90°. It meUs at 126°, dissolves in hot water somewhat more readily 
than in cold, and behaves to acids and alkalis like phlorone. 

ACZO. Syn. ^th Psm^HDnc Acin (ii. 309), 
or Syn. with Bblphin (ii. 309). 

" BHOnfWpi*- Syn. with SuLPKOPHtEiacxo Acid. See Ihtdigo-sulphubic Acids 

: - ... ' ^ , 

or BWOpriBLOCBBOXTB. Syn. with Meloicacuboitb (iii. 866). 

y •BBOBlIitiTB.v A ki^ hot differing much from Kaolin in composition, 

Ipf^^curri^ soft, white ;iU!Areoas Sj^es. Specific gravity 2*36— 2*57. Infusible. 

dept? of Al^ep, nM at Bive de GKer, dept, de la Loire, France, 
fillibg fls^res in ^dules of iron ore in the coal fonhation ; also at Cache-Apres, at 
em^ at Haxos, and with diaspora at S^h^jmnitz (Lana); m 
fisirts# lE^ipe bluishrgrey sandstone of L^ire in H^rault (PiaaQi) nw Freiberg, »c. 
(B. JahresVifi^ ' ^ 

.,Sy^ 

>1WPMlBBriL with^OxifP^ of Cabsok nr ^OkfloBioB of CAWioirn' 

^ QfBOBirnB. Ohloroimr^ (iit 83^i 

One of tile laids ^j^teP^eise obtained by the setio® 
ofijpllOiplipnis on acetone ^ 
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(Hi 529.i4t>ephardt, Ami, 

Ch. i?P‘ -4.®° ciii. I89.) — This' compound is tho 

nitrile of phosphoric aCid, its relation to thafcipid being similar to that of fcotonitrile 
toacetioacid: _ ^ ^ 

C*H*0* + . — 2H*0 ■» C^IW. 

\Acetlc acid. Acftnniirila, - 

PH*0* + 2NH* — 4H*0 « PHN* * 

Pi»o»phoric ^d. - Pljo.^pham, 

Itisobtained : 1. By passing ammonia-gas overpentacliloridc of phosphorus, and heating 
the product in a stream of carbonic anhydride (H. Rose). According to Uise the 
compound thus formed is a dinifcride of pliosphonis, PN^; but according to Gerhavdt it 
has the composition above given, its formation taking place as shown by the equation : 

POP + 2NH* « 6HC1 + PHN*. 

2. By saturating phosphoric anhydride as completely as possible with ammouia-gas, 
and heating the product in a dry current of that gas (Schiff) : 

P^O* + 4NIP == 2P11N* + 6H=0. 

On treating the product with cold water, phosphoric acid dissolves, and phospliam 
remains. 

Phospham, prepared by the first process, is a bulky powder, white if moisture has been 
carefully excluded during its preparation, reddish in the contrary case; as obtained l>y 
(he second process it is yellowish-red. When heated in a close vessel it neither fuses 
iior volatilises. Water decomposes it at a high temperature, forming ammonia and 
phosphoric acid, and it is decomposed in like manner by fusion with hydrate of 
potassium. 

H 
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This compound is produced, 


according to S chi ff (Ann. Ch. Pharm. ciii. 168), by tho action of ammonia-gas on 
phosphoric anhydride, according to the equation : 

+ 2NIP « 2PH*N0* + H*0, 

also by the action of water on chloronitride of phosphorus : 

NPCP + 2H*0 = PH*NO* + 2HC1. 

Gladstone, however (Chem. Soc. J. xvii. 229), has shown that the product formed in 


H* 

^p20S)l 

H* 




N* 

Q2, according 


-Aniline acts strongly on phosphoric anhydride* 


both these reactions is pyrophosphodiamic acid, 
to the equations : 

P*0» + 2NH» « P*N2IPO». 

2N»P»C1® + ISH^O « 3P*N2H®0» + 12Ha. 

(See Pyho^hosphamio Acids.) 

c«n» 

J^hinyU;pho8phamio addf (PO)'"Vq.- 

appsirontly producing this compound (Schiff) [or perhaps phenyl-pyrophosphodiamic 

acid]. ; ^ 

PKOSFBdAJMtZllZSS. These are compounds formed from one or more molecules of 
ammonia, by the substitution of phosphatyl, PO, for 3 ato^ of hydrogen. (Gerh ardt^ 
Ann. Ch. Phys. [3] xviii. 188, ~H. Schiff, Ann. Gh. Pharm. oL 300.) 

Phosph^monamide^ N(PO)"'. (Oerhiardt’s P/pAo«pAawfd?«.) — This com Jibund, 
which contains tho elements of mono-ammonic phosphate minus 3 at. water [Pfl"(NH*) 
J" 3H^O], is obtained by heating phosphodiamide or phosphotriamide wii?* * * 

NH» - HPO. 




Phospliodi- 
aiaUlo. 

N»H«PO - 2NH» 

Phoipho-triumide. 


NPO. 


^ ^Pulverulent substance resemUing phospho-triamide in its reactions, but 


(Gerhardt’s This amide whifch 

.<aphatCPH(NH‘)*0*,«enJ««3 at. water, is prodlii^j 
‘j^w)sphora8 with ammonia-gas, whereby this sdusSwod 


difhcult to decoml 

2 - Phosphodiamide, 



Jiay be regarded 

vil ® jy pentachloiSii^f jji 


PUK 



cklfrophosphamt^,l^*R*l?Ci*, appeani tQ.1)^jfir8i ibnii^^fm^boiling 

J^5i* +. ^NH* '^N»H<Ka* -K' 

and »1 j‘H<PC 1* + H*0 - ^‘H»PO -K' saci 

The product is pnrified by boiling, first .with caustla 'potash, then with nitrie sul 
phuric acid, and finally, by washing with water. It is a wjiite powder, insohble in 
water, alcoh^ and oil of turpentine. Whey^ heatad Withont ao^ess of aip,itgivesoffRni. 
monia, and leaves phosphomonamide ; but if moisture he present, it yields ammonia 
and metaphosphoric acid. Fused wi]th hydrate of potassium, it ^es ciff ammonia and 
leaves phos|Aate of potaiteiura. It resists the action of most oxQisiug agents; but is 
slowly oxidised by fusion with nitre, and deflagrates with chlorate of potassium*. 

Liebig and Wohler, who discovered this compound, supposed it to be a hvdratflftf 
phosphae of nitrogen; ^ ^ 

Z. Pho»^hotri/imide,^^^} |n* = P(NH*)’0‘ — 3H®0. — When dryammoniacal 

gas is slowly passed into oxychloride of phosphorus (chloride of phosphatyl, J*OCP), 
and the product afterwards treated with water, a solution of sal-ammoniac is obtained,* 
together with a snow-white, amorphous insolublo substance, which is phosphotriamide: 
POCl* + 6NH* = 3NH«C1 + N»IPPO. 


This compound is scarcely attacked by continued boiling with water, potashdoy, or 
dilute acids. It is very slowly decomposed by boiling with strong nitric or hplro- 
chloric acid, more readily by aqua-regia. Strong sulphuric or nitro- sulphuric acid 
dissolves it easily at a gentle heat, forming a solution which contains aininonia and 
phosphoric acid. It is not completely decomposed by heating with soda-lime. When 
fused with hydrate of potassium, it gives off a large quantity of ammonia, andloavea 
phosphate of potassium. Heated alone, out of contact of air, it also gives off ammonia 
and leaves phosphomonamide, which, on being heated with potash, evolves more 
ammonia and leaves phosphate of potassium. 

(PO)- 1 

Triphenyl^hosphoiriamidef (C*H®)* yN*, is obtained by the action of anhydrous ani- 
H* } 

line on oxychloride of phosphorus ; it is a white mass, more easily decomposible than 
phosphotriamide. 

(por 




.N*, is obtained in like manner by the action 


Trinaphihyl’-phosphoiriamidCf (C' ®H’ ] 

II* 

>f naphthylamine, (C‘®H^)H*N, on oxychloride of phosphorus. 
StUphc^hosphotriiMdef | N*, is obtained by treating aulphochloride of pboB- 

)horus, PSCl*, with ammoniacal gas ; it is also a white mass, wliich is decoipposed by 
plater, witl^ evolution of sulphydric acid gas. 

Triphenyl-stilphophosphoiriamidef ; is obtained in like manner, by the 

H* ) . . 

i^on of aniline on sulphochloride of phosphorus. (Schiff, Ann. Ch. Pharm. ci. 

5oa) 

VHOPlimaiaKOMrZV^ Bases formed on the mixed typo, | > 

{cm*y 




Mhple^ ethylene-irimethpl^tfi«thyl-photphamm<fnium, 

if^owsiUwnb-TitiaTKnnrK and PBosrauuirrxH^numBTBTS- 

; (dee Phosphorus-bases. ) 

J^HOSi^BABrXliXC AOXB. Sym with PHBKTL-PHOspHAiac Acid (p. 497). 

^ |P808#BAireiXK0XrZ0 AOZD. This name is applied to the solution obtnined 
8|%opping pentt&hlopide of antimony into iiqueous phosphoric acid. 
ttUuloidSy^to^ narcotihe, nicotine, &c. 

^I^OIlMAlUIOBXir^ ^ ^ 

(e*H*)* V 


It precipitates 

Bases formed on the mixed «*H*As| * 


(iil^kex9ihpl^kotphars<mit^ 


As- 


aoiton of Ammonia on pentachlorlde of phoipliohit It ^omplicatfd, ieTenl producU 1 
IbMid, Site Which It ehlomnltride or ph<^ 



PHOSPHATES—PHOSPHORUS. ’ , 49() 

fOi* * * * ^^***** AHD OXTOEN- ACIDS OP. 

^yP°pf>«»P^ oM. PeOetier's Photpkoromacld.— 
^ sp^ed liP the syrupy tn.xturt of phosphoric and photohorous acids 
the slo# combustion of phosphorus in moist air. A coh^ient way of 
nrepanue “ “ of separote sticks of pliosphorus into glass 

^bes aa inch longy <^^^dovo and bolowr, but drawn oKit funnel-sha pe -at the bottom, 

these tubes beingpaitan^ m a fun^l, and the funnel inserted into a which 

ttends in a dish eonteimng water. The whole arrangement is covered with a boll-jar, 
but in such a maiuiet as to ^ve access to the external air, which liowever should not 
be very warm,' as in that caae tlie phosphorus may melt and take fire. The acid which 
collects in the bottle is equal to three times the weight of the phosphorus consumed, 
but may be obtained in a more concentrated state by evaporation. It is a mixture of 
about I at. phosphotous acid to 4 at. phosphoric acid. i, 

PHOSPBBTBIC JkCZD. The name given by Zoise (Ann. Ch. Pharm. xli. 31) 
to an acid which he obtained by the action of finely divided phosphorus on ether. 

pBOSPKMHT^TR»»IMHY‘l.lIjr»t Phosphorus-basks. 

PBOSPHIOBS. Compounds of phosphorus with more basic elements or com- 
pound-radicles. Tile phosphides of hydrogen have been already described (iii. 199); 
also the general characters of the metallic phosphides (iii. 941); for the spf>cial 
descriptions, see the several metals. The phosphides of the alcohol-radicles, e.g, tri- 
othyl-phosphino (C*H^)^P, will be described under Phosphokus-basks. 

PBOSPBZTZS8. See Phosphorus, Oxyobn-acids of. 

PBOSPBO-BBlfZAMZC BCZD. An acid produced by the action of phos- 
phoric anhydride on oil of bergamot (i. 681). 

PB08PB0CBBZTB. Native phosphate of cerium. (See Phosphates.) 

PBOSPKOCBiLXiCZTB. Native hydrated cupric phosphate. (See Phosphates.) 

PB08PBOO&TCZSBZO BCZB. Syn. with Olycbuofuospuouio Aciu (ii. 891). 

PBOSPBO-BmBO^irXiroirXC ACZB. C«1I’P0^ (See Debiyativbs ov 
Hydroquihonb, iii. 217.) 

I See Phosphoeus-dasbs. 

PHOSPBOXBSTRTZr-TRZSTBTBZUlMC. \ 

PHOSPKOMOBYBBZO BCZO. See Moi.ybdehum (iii. 1037). 

PHOSPHOBBSCIOrCS. See Light (iii. 690, 632). 

rararaom muss. ( Phosphorus, Oxyoen-aoids op. 

PB08PB0XtZTS« A massive radiated variety of apatite (L 348), chiefly obtained 
from Estrejnadura in Spain and Schlackenwald in Bohemia. 

PKOBPROROCBikZCZTB. A variety of hydrated cupric phosphate. (S<^ 
Phosphates,) 

PH08PROBOSAMZBBS. Amides in which 3 at. hydrogen are replaced by 
1 at. phosphorus. Trichloride of phosphorus absorbs 3 at. of ammonia, forming a 
white mass of sal-ammoniac and phosphoroso-triamido, N^’IPP"' : 

PCI* + 6NH* = 3NIPCI + N»IPP. 

This mass when heated out of contact with the air, gives off ammonia and sal-ammo- 
fiiac, leaving a yellowish amorphous residue which has been described as a phosphide 

Ditr^en, but which in all probability is a mixture of phosphoroso-diamid^ 
and phosphoroso-monamide, NP"'. 

raosPBOBOVS ACZB ABB BTBBBS. See Phosphouub, Oxygen-acids 

OF. 

*BOSPB01tVB« Atomic weight 31. 8f/mbol P. Coynbining vohmc Vafxm^ 
by calculation « 62 referred to hydrogen as unity, 4*284 referred to^air; by 
observation, 62*1 and 4*36. , . . 

This element, though very widely diffused in water, is never found in the unwmbined 
*tate, but almost always in the form of a metallic pho.sphate, and chiefly as phosphate 
of calcium, which forms the principal constituent of apatite, phosphorite, coprolites, &c. 

bombined phosphoric acid is also found, though in very minute proportioiie, m most oC 
^6 primitive rocks, and in soils produced by meir disintegration, whence it is taken up 

by plants, chiefly in the seed. From the vegetable it pafl.sr8 lufo tJia 

K K 2 * 
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iminriiil feiiigdonj, whore it exists in the largest proportion. It is foiind iii the blood * 
the urine, in all the soft tissues, especially the nervous tissue, and in the bo^ ' # 
which indeed phosphate of calcium constitutes the chief earthy constituent. Trace’ r 
phosphoric acid have also been found in the water of springs and rivers, aiid 
to Barr a 1 (Compt. rend. li. 769) in rain-water. **®coramg 

PhosphoiTiB was discovered in 1669 by Brandt of Hamburg, who obtained it \ 
distilling the residue of evaporated urine with charcoal. Galin in 1769 showed 
be a constitufnt of bones, and Schoelc, six years later, founded on this observation ^ 
process for the extraction of phosphorus from bones, namely by digesting white-bur t 
bones for several days with dilute nitric acid, removing the lime by sulphuric aeid 
evaporating to a syrup, and distilling with charcoal powder. This process was simpli’ 
tied by Nicolas and Pelletier (J. Phys. xi. and xxviii.) who decomposed the boL^ 
ash directly with sulphuric acid ; and Pourcroy and Vauquelin (J. Pliann. i 9^ 
afterwards determined the exact proportion of sulphuric acid required for the comph te 
decomposition of the bone-earth. ^ 

Bone-earth consists mainly of tricalcic phosphate Ca®P®0*. Now earthy and alkaline 
phosphates containing 3 atoms of metal are not decomposed by ignition with cliarcoal but 
phosphoric acid and anhydride are completely reduced by this treatment, while the 
xnetaphospbates, which may be regarded as compounds of tri metallic phosphates with 
phosphoric anhydride (e. g. 3CaP*0* = Ca^P'-'O® 2P*0®), are partially reduced. Tli« 

first step therefore in the manufacture of phosphorus consists in the production of calcic 
inetaphosphato. 

Bones are burnt to a white ash which is finely powdered and mixed with a quantity 
of dilute sulphuric acid sufficient to abstract two-thirds of the calcium from the calcfc 
triphosphate and to decompose the wliolc of the calcic carbonate contained in flio l)onc- 
ash. About 3 pts. bonc-ash and 2 pts. strong sulphuric acid mixed with 18 pts. water 
are the proportions generally employed : 

Ci^P*0" + 2H*SO* = Ca^H^P^O® + 2Ca"SO^ 

After fiubridence, the soluble monocalcic phosphate (superphosphate of lime) is strained 
and pressed from the insoluble gypsum, which is slightly waslied with water. Tho 
washings are added to tho phosphate solution, which is tlien evaporat(*d to a syrup, niixod 
with about one-fourth its weight of charcoal powder, and heated gradually to dull nd- 
ness in an iron pot, stirring all the time. Bythis moans the basic water of tho mono- 
calcic phosphate is drawn oft) and a porous mixture of charcoal and metaphosphute is 
obtained : 

Ca'TI' P*0» = Ca'P'O® + 21PO ; 

and on distilling this mixture at a bright red heat, phosphorus is set free and passes 
over in vapour, which may be condensed under water; carbonic oxide also e.scapes and 
tricalcic phosphate is reproduced and remains behind : 

3Ca"P*0® + C'® = Ci®P»0® + lOCO + P'. 

By mixing sand with the charcoal-paste, as recommended by Wohler, the whole of 
the phosphorus may be expelled, the calcic phosphate being entirely converted into 
silicate: 

2Ca'T“0« + 2SiO* + C‘® = 2Ca"SiO» -h lOCO + P‘. 

Tho distillation is performed in an earthen retort a {Jig, 735), wdiioh is coated ex- 
ternally with a thin paste consisting of a mixture of equal parts of borax and fire-clay 
to renaer the retort less porous. The heat is slowly raised to full re(lnc.ss, and tho 
phosphorus, which rises in vapour, is conveyed by a wide copper tube, bent as at as 
dip into water contained in a vessel provich^d with a smaller tube for conveying 
the uncoudensed gases into a chimney. The phosphorus condenses in yellow drops 
which sink to the bottom of the water, without coming in contact with tho air. On 
the large scale a number of retorts containing the mixture are heated in a galley^furnace. 

According to calculation the yield of phosphorus by the method above described (not 
using sand) should amount to 1 1 per cent, of tho bone-ash, and in carefully conductea 
operations tliis amount is in fact obtained, but the average yield does not exceed 8 per 
cent., the loss arising principally from difficulties in tho process of distillation, alie 
con|iud^Mon of fuel is also very large, and the cost of the process is greatly increaset 
blithe frequent breakage of the earthen lajtorts. It has not yet been found possible to o 
viate these inconveniences in tho process, and accordingly the effbrts of manufacturers 
rather been directed to make up for the unavoidable losses involved in the preparatio 
of phosphorus, by a judicious applicjition of the secondaiy produtsts, especially by maxing 
use of the animal matter of the bones, which was formerly allowed to burn away. 

; With this view the bones are first freed from fat by boiling them with 
•kimming off* the liquid fat which floats on the surface ; this fat may be used tor 
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orepWiition of soap. The bones are then either subjected to the action of superlieated 
sN'iiia, whereby the gelatinous matter is extracted, and the remaining earthy matter 
gfter being dried and calcined, is used for the preparation of phosphorus as above de- 

Fig. 735. 



j<<'riV’ed ; or they are treated with dilute liydrochloric acid, winch dissolves out the earthy 
niiittpr iind loaves the cartilaginous substance in a state availablo for the preparation 
ofgclntin ; and the acid solution is )>recipiiat.C(l with milk of lime, or better with crude 
(iirbonate of ammonia, whereby tricalcic phosphate is obtained, to bo used as above. 

Another mode of operation consists in subjecting the bones to destructive distillation, 
whereby ammonium-salts and hone-charcoal are obtained. The latter is either first 
asp(l in the refining of sugar, and sifter it has become un.'iv:iihLl)lo for this purpose, cal- 
cined for the preparation of pliosphoruH ; or it is pnrifii'd by exhiuistion with hot hydro- 
chloric acid, and the solution 8(;parated from the purified charcoal {noir y>wr/ytc) is 
transformed as above into tricndclc phosphate. 

Of late years, proeess(‘S of insinufaeturo have b‘'on pi*®j)Osed which dispense with the 
necessity of decomposing the bones with sulphuric acid. Fleck (Folyteckn. Oentralbl. 
18o6, p. 681 ; Pharm. .T. Trans, xvi. 173) macerates the bones with dilute hydroehlorio 
acid, and evaporates tho decanted solution to such a degj’<:;e of concentration, that on 
Cooling it deposits cr3^stHl.s of acid phosphate of calcium. This salt, after being freed 
from mother-liquor by pressure between porous stones, is mixed with a fourth part of 
its w'eight of wood-ehnreoal and distilled. 

Cary- M ant rand (Coinpt. rend, xxxvi. 8.')4) passes hydrochloric acid gas over a 
mixture of bone-phosphate and charcoal at a red heat, whereby the whole of the plios- 
pliorua is set free and chloride of calcium remains : 


CS^P^O* + 0“ + 6lICt = 3Ca"CP + SCO + + P*. 

This mixture is introduced into fire-clay cylinders open at both ends, laid horizontally 
in a furnace, connected at one cud with an apparatus for generating hydrochloric 
acid gas, and provided at the other with copper adapters dipping into receivers con- 
taining water. At tho close of an operation, the residue of chloride of calcium and 
iJnareoal may be removed from the cylinders and a fresh charge introduceil, without 
putting out tho fire. The chloride of calcium may be decomposed by sulphuric acid, so 
as to yield hydrochloric acid for the next operation. It does not appetir however that 
J^Jtner this or the preceding process has yet been adopti'd on the manufacturing scale 
m old process by Nicolas and Pelletier being that which is invariably used. 

— The crude phosphorus obtained by the first distillation is con^anfii hated 
I n oxides of phosphorus, red phosphorus, and other substances which give it. a re or 
I’own colour. It is purified by mechanical filtration or pressure through diamois- 
by redistillation, or finally by chemical means, viz. by fusion and partial oxi- 
ion. The old method of pressing tlirougli chamois-leather appears to be no longer 
'use, the supply of chamois-leather in fact not being sufficient for the purification of 
^arge quantities of phosphorus now manufiicturod. The filtration through slabs of 
ihnotte-stone, or layers of charcoal, introduced into French manufactories, has ce 
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abandoned as too slow. The purification of phosphoms by rodistillation is sinmi 
but is attended with some loss and involves a considerable expenditure of ftiel. 

In most manufactures, the puriflcati<m of phosphorus is now successfully and eco 
xnically effected by treating the crude product with sulphuric acid and clnomate^^i 
potassium, as fir^t suggested by Wohler. For this purpose a mixture of chromate f 
potassium and sulphuric acid is added to the melted mass of crude phosphorus. The 
phosphorus appears then to be oxidised first, and tlie impurities rise to the surface inth 
form of a scum, while the pure phosphorus remains colourless and transparent at th^ 
bottom of the vessel. ^ 

Moulding. — Fhosphoras is frequently sent into the market in sticks. This shape was 
formerly given to it by orawing the melted phosphorus into glass tubes with the mouth 
care being taken to keep the upper part of the tube filled with water. This daugerous 
method has however been entirely superseded by the following, devised by Seubert 
(Ann. Ch. Pharm. xlix. 346). — The phosphorus is liquefied in an elliptical or conical 
vessel containing water, which is kept exactly at the melting point of phosphoms (44° Q 
or 111° F.). From the bottom of this vessel there proceeds an elbow-tube, connected by 
a socket and stopcock with a horizontal glass tube soldered into the side of a vessel 
containing cold water. On opening the cock, the liquid phosphorus flows into the huii- 
zontal tube, where it solidifies ; and by thrusting a copper wire a little way into t}i« 
tube, allowing the phosj)horus to solidify around it, and then gradually with- 
drawing the wire with the stick of phosphorus adhering to it, the melted phospliorus 
will continue to flow into the tube and solidify, and may then bo drawn out into a long 
cylinder, which may afterwards be cut into sticks of any required length. ^ 

The same apparatus may bo used for the granulation of phosphorus. For this pur- 
pose, the vessel containing tho horizontal tube is filled with cold water only to jii^t 
below the level of that tube, and upon it is carefully poured a layer of wann water, a 
thin board being interposed to prevent the warm water from at once mixing with tho 
cold. On opening the stopcock to a moderate extent, the melted phosphorus flows to 
the end of the horizontal tube and falls out in successive drops, which solidify in passing 
through the cold water, and collect at the bottom in grains. 

Phosphorus may also bo granulated by agitating it, while in the fused state, with u 
warm liquid till it solidifies. For this purpose, according to Cass area (.T, riuirm. 
xvi. 202), alcohol of 36° B. is better adapted than water. According to Bbttgcr 
{Beitrdge zur Chemia und Pht/sik. i. 65 ; ii. 127), the liquid which reduces phosphoms 
to the finest state of granulation is human urine ; and it derives this property from tlie 
urea which it contains, so that an aqueous solution of artificial urea may bo used as a 
more cleanly substitute for tho urine. A tall cylinder an inch wide is half filled with 
a liquid of this kind, and heat applied till the phosphorus introduced into it is melted : 
the phosphorus is then worked about for two minutes, by means of a twirling stick 
which passes through the opening of the wooden cover of the cylinder; it is tlms 
brought into a fine state of division. The remaining portion of the cylinder is then 
filled with cold water, the twirling motion being continued all the while. Wliou tlio 
liquid comes to rest, the phosphorus is deposited in tho state of powder ; the liquid is 
then poured off, and the phosphorus washed with water. Kespecting the supposed 
mode of action of the urea sec Schiff (Ann. Ch. Pharm. cxviii. 88). Blondlot(.T. 
Pharm. [4] i. 72) recommends the use of sugar or of a salt in place of urea. 

To the larger manufacturers of lucifer-matches the phosphorus is often supplied in 
tfolid cakes or cheeses. 

For further details on the preparation and purification of phosphorus, see Richard- 
son and Watts’s Chemical Technology^ vol. i. pt. 4, pp. 110 — 125; also Hofmann s 
Boport on Chemical Products and Processes in the Exhibition of 1862, pp. 93 — 96. 

Properties, — ^Phosphorus,' when freshly prepared and quite pure, is almost perfectly 
transparent and colourless, or with only a faint yellowish tinge. It melts at 44°, form- 
ing a viscid oily liquid which sometimes retains its fluidity when cooled several degnji’s 
below the melting point, but solidifies instantly when touched with a solid body. The 
i^ecific gravity of ordinary phosphorus is variously stated at from 1*77 {Berz. Lt hrh.i. 
218) to 2*09 (Bottger, in Gmelivia Handbook). According to Gladstone and Pale 
(Phil. Mag. [4] xviii. 30), the specific gravity of solid phosphorus at 53° is 1*823; t lia 
of phoiphorus remaining liquid below its melting point, 1*763. It is a non-conductor 
of electricity both in the solid and in the liquid state. 

In warm weather phosphorus is somewhat flexible and may be bent without breaking, 
but near the freezing point it becomes brittle. When phosphorus is broken, it oMioi 
a c^sUUine fracture, but distinctly formed ciystals of phosphorus cannot be 
by ftision, except when a very large quantity is operated on. Crystals of phospno 
inny be obtained by cooling a hot saturated solution of phosphorus in rock-oil, oj 
aulphide of phosphorus, or by tho evaporation of its solution in sulphide of carbon, 
erystais of phosphorus are usually either ri^gular octahedrons, or rhombic dodecaheUrw 
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Phosphorus boils in closed vessels at 250® (Heinrich), 288® (Dalton), 290® 
/Pelletier, Ann. Chem. iv. 3). Its vapour-density, according to Devi lie and 
Troost (Bull. Soc. Chini. v. 434), is 4*35 at 600® and 4*50 at 1040® referred to air as 
unity. The former number gives for the specific gravity of the vapour referred to 
hydrogen as unity, the number 62*1, which is rather more than double the atomic 
of phosphorus. Hence it appears that the atom of phosphorus in the gaseous 
state occupies only half the bulk of an atom of hydrogen (see Gasbs, Combinatiox' of 

pY VOLUME, ii. 810). 

phosphorus is insoluble in watcr^ slightly soluble in cthcr^ but more so in henscne^ oil 
(ff turpcntins and other cssfititifil as well as va^Jixvd oils. It is also freely dissolved by 
chloride of sulphur, trichloride of phosphorus and sulphide of carbon. 

phosphorus is extremely inflammable, taking fire in the open air at a temperature 
very little above its melting point, burning with a brilliant white flame, and emitting 
dense white fumes of phosphoric anhydride. If it contains iin pur' tics, it takes fire still 
nioro easily, the heat developed hy slight friction being often sufficient to inflame it. 
Phosphorus must therefore be handled w'illi great caut ion ; a burn from it is very severe 
and difficult to heal. It must always be kept under water till wanted for use; it may 
thoii ho taken out and dried by gentle pressure between filtering paper; it is best also 
to out it under water. Wlicn a solution of phosphorus in snlphi<le of carVion is dropped 
upon filtering paper and left to evaporate in the open air, Ihefinidy divided phosphorus 
wliioli romains on the paper absorbs oxygf'n so rapidly tliat it immediately takes fire. 

Tlio flame of hydrogen-gas impregnated wdtli plios|)horiis, as pirodnced by the intro- 
iluolion of free phosjihorus, hypophosphorous acid or phospliorous acid into Marsh’s 
apparatus (i.362), exhibits when examined by the spoctroseope, two intense green lines, 
one of which coincides with a line in the barium-spcetruni. This reairtion is so delicato 
that it will distinctly indicate the presence of pihospdiorus in the liydrogen evolved on 
dissolving ordinary iron wire in dilute sulphuric acid ((Jhristoflo and Beilstoin, 
Ibinpt. rend. Ivi. 399), see also Sogiiin (ibid. liii. 1272). 

Diosphorus, when exposetl to the air at ordl iiar}' tein|)eratures, gradually absorbs oxy- 
gen and undergoes a slow combustion, ginng off a white vapour wliiehhas a peculiar 
garlic odour, and consists of phosphorous anhydride inixfMl with a little x)hosphoric 
iiiihyiiride, or if the air is moist, of the corresponding aeWs (p. 499). In a dark room 
the slowly burning phospliorus and the vapour given erff from it sliine with a grcenisli- 
white light. 

The slow combustion of phosphorus is affected by several circumstances. In pure 
oxygen of ordinary density it does not take place at all at temperatures below 15®, but 
oil rarefying the oxygen, or diluting it with nitrogen, hydrogen or carbonic anhydride, 
the phospliorus becomes buninuus in the dark at lower temperat ures. In the air, the 
luminosity is not perceptible at temperatures more than a few degn es below 0®, but 
becomes stuisible at that temperature and increases at a few degree's above it. Slow 
combustion is completely prevented by the admixture of certain inflammable vapours 
and gases in minute quantity with the air; thus if air be mixed with of its bulk of 
olefiant ga.s, rock-oil or turpentine vapour, a stick of phosphorus 

no longer becomes luminous when exposed to it. 

R('spc<4.ing the reactions of phosphorus with chlorine, sulphur and other elements, 


Beo page 505. 

Modifications of Phosphorus . — Phosphorus is capable of assuming several diftbremt 
forms under the influence of causes apparently trifling. — a. When exposed for some 
time to light under water, it becomes ivhite, opaque and scaly, the change proceeding 
frmn the surface inwards. Tliis wdiite phosphorus has a specific gravity of 1*515; it is 
somewhat less fusible* than the transparent variety, and is reconverted into the latter 
I'y a temperature not exceeding 50®. — i8. Another modification is produced by the 
sudden cooling of molted phosphorus; it then becomes perfectly black and opaque, but 
is ivstored to the transparent colourless condition by simple fusion and slow cooling. 
According to Bio ndlot (Compt. rend. lx. 830; Bull. Soe. Chim. [2] iii. 415), tins 
hluck tnodificatioii is the type of pure phosphorus. He obtains it liy first purifying or- 
dinary phospliorus by several distillations (in hydrogen gas), then exposing it to 
Rud distilling again. The product collected in a receiver cooled very slowly solKliuea 
hj a whit-e mass which suddcmly turns black when the temperature of the condensing 
Water falls to 6® or 6®. It is important, however, to know wln ther the hydrogen used 
the distillation was absolutely pure; since the least trace of certain uKdals or 
»netalloids would be sufficient to blackrn the phospIioriis.-- 7 . A modification, 

fitialogous to viscous sulphur, may be obtained by heating very pure phospliorus to 

modification 
•tion of light 
nith a small 


ns melting point, and suddenly cooling it. 

5. lied or Amorphous Phosphorus. — This, which is the most remarkable 
of phosphorus, is produced when ordinary phosphorus is exposed to the a< 
Of heat in atmosphere not containing oxygen, or when it is heated 
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quantity of ioclinc. 1 1 appears to have been first noticed by B e rz e 1 i u s, who found tli 
phosphorus under the infiuenco of coloured light acqum‘S a red tint, without alteraf 
of weight, and at the same time loses its property of shining in the dark. Subsequent^ 
in 1844, Emile Kopp (Compt. rend. xlix. 346) in preparing iodide of ethyl liv 
treating alcoliol with iodine and phosphorus, observed the formation of a red moSficZ 
tion of phosphorus, amorphous, destitute of taste and odour, veiy little disposed t* 
oxidise at oj^inary temperatures or even at the heat of the water-bath, and roeonver^ 
ible into ordinary phosphorus by dry distillation. These observations were confirmed 
by Berzelius {liapport Annuel, 1866, p. 435), and by Marchand (J. pr. Chem 
xxxiii. 182). Nevertheless the red modification of phosphorus did not attract much 
attention till 1868, when Schrottor showed that it might be prepared by simply ex- 
posing ordinary phosphorus to light, or more readily by heating it to near its boiling 
point in an atmosphere free from oxygen, and published a detailed account of its pro- 
perties (Pogg. Ann. Ixxxi. 276). Brodie afterwards showed (in 1862) that amorphous 
phosphorus may be produced by heating phosphorus witli a small quantity of iodine in 
a sealed tube or in an atmosphere of carbonic anhydride, or by melting pliosphorus 
under strong hydrochloric acid, and then adding a small quantity of iodine. (Chem. Soc 
Q/a. J. V. 289.) 


Fig. 736. 



Amorphous phosphorus may be prepared on the laboratory scale by placing a 
quantity of dried common phosphorus in the bulb of a flask A (Jig. 736) to the neck of 
which is attached a long narrow tube b bent downwards and dipping into mercury; the 
air in the flask is displaced by means of a current of carbonic anhydride, which is 
supplied from the bottle E, and dried by passing through the tube P, filled with 
chloride of calcium ; the tube i.s then sealed at the narrow portion a, and the apparntus 
which supplied the carbouic anhydride is removed. Heat is next applied to the flask 
by means of an oil-bath e. The phosphorus melts readily, but by regulating the heat 
steadily between 230° and 235° by means of the thermometer t, and maintaining it 
that temperature for thirty or forty hours, almost all the p>hosphorus will be broiigI*t 
into the solid amorphous state. 

The apparatus just described is similar in principle to that invented and patents 
by Mr. Albright of Oldbury near Birmingham for the preparation of amorphous 
phosphorus on the large scale. In this apparatus the phosphorus is heated m 
conical glass vessel placed within an iron vessel of the same shape, which is heated by 
a bath of tin and lead. Tlie melting vessel is provided with a tight-fitting cover, 
which there proceeds a safety tube dipping into mercury, as in the apparatus abo'® 
described. It is not found necessaiy to expel the air from the apparatus by 
carbonic anliydride, as the small portion of oxygen contained in it is soon consumo«i v 
the combustion ol a portion of the phosphorus. (For a figura and full t> 
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this Apparatus, see Iticliardson and W atts^s Chemical Technology ^ toI. i. pt. 4 
I r27‘) 

Amorphous phosphorus prepared as above always contains a certain quantity of 
unaltered phosphorus, which is removed by washing it two or three times with siilphklo 
of carbon, in which common phosphoi-us is soluble, and red phosphorus insoluble. It 
has been recommended by Nickles, in order to avoid the use of much sulphide of 
ciirbon — a dangerous as well us disagrcoablo substance — to purify red phosphorus by 
suspending the finely divided mixtui-e of yellow and red phosphorus in a solution of 
chloride of calcium of specific gravity about 2*0. In such a solution common phos- 
phorus floats, while red phosphorus sinks. 

^ Ked phosphorus is much less fusible than common phosphorus; it maybe boated 
to 2d0" without alteration, but at 2G0° it is reconverted into ordinary phosphorus It 
.,1 ho dift'ers from ordinary phosphorus by being insoluble in many' liquids in which 
the latter is soluble, such as sulphide^ of carbon, alcoliol, ether, turpentine, and tri- 
ciiloi'ide of phosphorus. Ihc two modifications differ also not less in ehemiciil than 
in physical properties. Common phosphorus, as already observed, oxidises slowly in 
the air at common temperatures, and burns rapidly when heated to about 60*^ ; red 
phosphorus, on tho contrary, is not at all oxidised in the air at common tempera- 
tures, emits no odour, and does not become luminous until heated to nearly 260°, tho 
piiint at which it is transform<;d into the ordinary modification. Ilenco it is’ not 
liahlo to take fire by moderate friction, and may bo handled without danger, and 
preserved in bottles, or even WTapped up in paper without liability to alteration/ Its 
properties differ however in some respects according to tlio mode of preparation. If 
prepared hy heat.it has a specific gravity of 2*14 : but that which is obtained by the 
action of iodine on common phosphorus has a specific gravity of 2-23. Tho latter 
also volatilises like arsenic, without previous fusion, and condenses to a hard black 
mas.s. It is more readily acted on by caustic potash tlian the former, and precipitates 
certain metallic solutions, sulphate of copper fur example. (Brodio.) 

Ihaciions of Phosphorus. — The action of oxygen on ordinary and red phosphorus has 
boon already described. With sidphitr, ordinary phosphorus unites rapidly when tho 
tuo bodies are melted together, the combination being attended with vivid combustion 
and loud explosion. Kcd phosphorus, on the other hand, does not unite with sulphur 
till heated considerably above llie melting p^oiiit of tho latter, and evtui then the com- 
bui^tion, though rapiid, is not explosive. IS.lenium unites wdtli phosphorus when tUo 
two arc heated together marly to the melting point of tlie latter. 

Hydrogen^ passed ovit phosphorus contained in a glass tube takes up a small 
quantity of it, sufficient to colour the flame green, but no definite compound appears to 
be formed.^ But when f>hospliorus, a metallic pliospliidc, hypophospliorous or plios- 
plioroua acid is introduced into an apparatus for generating liydrogeii, the evolved gas 
iipiK'ars to contain a certain quantity of phosphoretted hydrogen (Dusart, Conipt. 
Mid, xliii. 1126). — Aiii'nionia acts gradually on ordinary phosphorus, produeing phos- 
plioretted hydregen and a eoinpound of ammonia with an oxide of pliosphoriis, which, 
when alcoholic ammonia i.s used, is. deposited on tlie sides of the tulie as a deep) black 
ineljillic film not decompiosed by boiling potash or siilphiirie acid. Bod pihospilioriis 
Inw no action on ammonia, (b'liickigcr. Anal. Zeitsehr. ii. 398.) 

Ordinary phosphorus unites directly at ordinary teinjx'ratures. wdth rJdorinr^ hromhiG 
«nd iodine, the combination taking iplace rapidly and being attended wit li inflanimation. 
fled phosp)horus also unites with these elements at ordinary temperatures, the eombi na- 
tion being attended with evolution of heat, but seldom sufficient to piroduco ignition. 

Chloride of sulphur, S'^Cl'-, dis.solves ordinary phosphorus abundantly, and on heating 
the solution, a violent reaction takes place, attended with ebullition and projection of tlie 
iiiiiss. The same violent action is produced on dipping a stick of phosj)lioru.s into a 
t’olumn of chloride of sulphur of about the same depth and volume. On gradually add- 
ing small pieces of phosphorus to chloride of sulphur gently warmed in a retort filled 
^'ith carbonic anhydride, a rapid action also takes place, the liquid becmniiig hot and 
<h8tdliiig over : gradually, how'ever, sulphur separates and tho action bcconie.s more 
moderate; and on mixing the distillate justmentioned with that which afterwards parses 
on heating the residue, and redistilling the whole over half its bulk of jplio.spliorus, a 
colourless liquidjs obtained, wdiich separates by fractional distillation into peuUicIilorido 
sulphochloride of phosphorus, PSCB. When chloride of sulphur is gradually 
poured into melted pho.sphorus, the only products are pcntachlorido of pliospliorus and 
*^36llow sublimate which appears to be a sulphide of phosphorus: the residual phos- 
P oru8 is converted into tlio red modification* (W dhler and Hiller, Ann. Ch. Phurm. 
xcm. 274.) 

the latter is thrown upon them 
a heated in its vapour, 
of sunlight, slowly decomposes 


unite directly with phosphorus wl 
p. are in a state of ignition or when they 
inely divided phosphorus, under the influci; 
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water, forming phosphoretted hydrogen and a red substance commonly regarded ug 
oxide of phosphorus. 

Many aciM are decomposed when heated with phosphomsi yielding phosphom 
acid, together with other products. — Pure concentrated hydriodicacidheaMv'^ 
amorphous phosphorus to 160® for two hours, yields phosphorous acid and sublime 1 
crystals of hydriodate of phosphorettcd hydrogen.— acid acts in a simila 
manner, but somewhat more slowly. — ^Pure concentrated hydrochloric acid heated witl^ 
amorphous phosphorus to 200® for sixteen hours appears to be decomposed accojvlin« 
to the equations: 3HCI + P* =. PH* + PCI*; and PCI* + 3H*0 «= PH*0* + 3HL'f 
Strong suljphuric acid is reduced to sulphurous anhydride, which floats on the surface of 
the phosphorous acid formed at the same time: 

3SH*0^ + P» « PH»0* 3SO* 

Salyihwroyc acid yields phoapTiorous and snlphydric acids : 

SH®0* + 3H*0 + P* « 2PH*0» -r 

Syrupy phosphoric acid heated to 200® with phosphorus for forty hours, is reduced 
to hypophosphorous acid, which latter is partly resolved into phosphorous acid and 
phosphoretted hydrogen. — Aqueous chronuc acid heated with phosphorus is reduced to 
chromoso-chromic oxide ; arscnioits acid yieliia phosphide of arsenic. {Opponheim 
Bull. Soc. Chim. [2] i. 163.) 

Phosphorus boiled with aqueous alkalis and alkaline earths forms phosphoretted 
hydrogen and a solution of a liypopliosphito, e. g, with lime-water: 

aCa'H^O* + P* + 6H*0 = 3Ca"H-P«0* + 2PH*. 


Phosphorus likewise decomposes many other oxides and salts, both in the dry and in tlie 
wet way. When rubbed with chlorate of potassium^ it detonates and takes fire, a 
friction being sufficient to induce the reaction. Nitrate of potassium and the peroxUls 
of lead and manganese act upon it in a similar manner, but less violently. When a 
mixture of carbonate of sodium and amorphous phesphorus is heated in a combust i«m 
tube to low redness, or better to 240® only, a brown mass is obtained, which takes fire 
on exposure to the air, and when thrown into water gives off a large quantity of 
spontaneously inflammable phosphoretted hydrogen, and forms a dark brown solution, 
from which hydrochloric acid throws down brown flocks, forming when a black- 
brown amorphous mass containing aliout 40 per cent, of humus-like bodies. W!un 
carbonate of sodium is heated to bright redness with excess of phosphorus, the whole »)f 
the carbon is set free ; with excess of sodic carbonate, on the other hand, a mixture of 
charcoal, sodic phosphate and sodic carbonate is obtained, carbonic oxide being given 
off and phosphorus distilling over. The carbon obtained in those reactions ha.s a 
deep velvet-black colour, a specific gravity of 1*46 at 14®, and posses.st's strong ab- 
sorbent and decolorising properties. Phosphorus acts in like manner on other c«arboii« 
ates, also on borates ana silicates. (Dragendorff, Jahresb. 1861, p. 110.) 

Phosphorus placed in contact with many metals in solutions of the same metals, 
produces an electric current, and precipitates the metals. In contact with clean copin r 
wire in a solution of cupric sulphate, it precipitates the copper on the wire in octalicilnil 
crystals (Wohler, Ann. Ch. Pharm. Ixxix. 126). In like manner it reduces 5 ^V^'^'?'and 
from the solutions of their nitrates (Wicke, fAet/. Ixxii. 146). Phosphorus im- 
mersed in a solution of potassic permanganate forms peroxide of manganese and phos- 

S liate of TOtassium. Neutral and acid chromate of potassium are incompk^tcly 
ecomposea by phosphorus at Common temperatures with formation of potassic and 
chromic phosphates. Cupric chromate boiled with phosphorus yields metallic copper. 



of phosphate of lead ; nitrate of copper in concentrated solution yields cupric oxide and 
phosphide of copper; in dilute solution, metallic copper, phosphide of copper, and piios- 
phoiic acid. (Slater, Chem. Oaz. 1863, p. 329.) 

Chemical "Relations of Phosphorus. — Phosphorus belongs to the pentad group of de- 
ments (iii. 967), including also nitrogen, arsenic, antimony and bismuth. Its peutatomic 

character is exhibited in the pentachloride P^Cl*, tho oxychloride 
triethodichloride (or chloride of triethyl-phosphine) 

phoric anhydride 1 0*, and in phosphoric acid regarded as But it like- 

wise, and perhaps more frequentty, plays the part of a triatomic element, as in pkp*’ 
phoretted hydrogen or phos|^iine and its alcoholic derivatives triethyl-phospinn® 

&c., also in trichloride of phosphorus phosphorous anhydriuo 
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&c., phosphorous acid > O*, &c. In some few compounds also it is diatomic, 

^ in the di-iodide PI*, and perhaps in liquid phosphide of hydrogen PH* (iii. 204) ; in 
" jiny of its metallic compounds it exhibits still lower degrees of atomicity. 

*”ln its triatomic and pentatomic character, phosphorus resembles the other members 
of the group above mentioned. It is most closely related to arsenic and antimony, 
each of these elements forming a gaseous trihydrido, and their chlorides, bromides and 
oxides being exactly analogous to one another in composition. To arsenic it is further 
related by the strictly analogous coniposition and the isomorphism of the corresponding 
phosphates and arsenates, and by its anomalous vap^up-vohime, tlie specific gravities 
^.:ach of these elements in the gaseous state being double its atotnic weight (p. 503; 
also iii. 968). Bismuth is also related to phosphorus, arsenic, and antimony by the 
cninposition of its chlorides and oxides, although its pentatomic eonipounds are not of 
verv' stable character. To nitrogen, phosphorus is related by its combination with 
hydrogen, and by its formation of anhydrides with 3 and 5 atoms of oxygen. 

I’he elements of this group exhibit in many r<‘Spects a regular gradation of proper- 
ties in the order of their atomic weights. Nitrogmi (14) is gaseous, while all the rest 
ftre solid at ordinary temperatures; and of these latter, phosphorus (31) is the most 
fusible .and volatile; next follows arsenic (75), then antimony (122), and lastly bis- 
piuth (210). The acid properties of the oxidised compounds are most marked in ni- 
trojjeii, then in phosphorus; they are weaker in arsenic, still weaki'r in antimony, and 
Bcareely apparent in l)ismuth. The compounds with hydrogen follow in the same 
Older; ammonia is a powerful base, and requires a high ten per at lire for its decom- 
position; phosphine, PIP, is a very feeble base ; in arsine, AsIP, the Viasic character 
is not perceptible, tliongli manifested in triethyl-arsine and other of its derivatives ; 
the same is true of the corresponding antimony-compoiinds. Each of the three hydrides 
last mentioned is decomposed by simple exposure to heat, phosphine requiring the 
higliost temperature, arsine decomposing at a lower, and stibine at a still lower degree of 
lii'at, while the affinity of bismuth for hydrogen is so feeble that it does not appear to form 


(I hydride. 

Uses op Phosphorus. — The chief use of phosphorus is for the preparation of the 
paste with which lucifer matches are tipped; for this purpose both the ordinapMind 
tlie iimorphous variety of phqH|.liorus are employed. Oi-dinary pliosphorns, l>cing in- 
tensely poisonou.s, is also used iu tlie forniatioii of compositions for poisoning rats, cock- 
roiiclu'S and other vermin ; and both kinds are used in a variety of ways in chemical 
uiul pliurmaceutical preparations. 

A pliosphorated paste for poisoning vermin may bo prepared by dissolving 250 pts. 
hy M'eight of gum arabic in 500 pts. of water at 140'^ R, adding 16 pts. of phoaijbonis, 
dlrring as it melts, tlion removing the vessel from the fire and contiiuiiiig the 
stirring as the mixture cools in ordei* to thoroughly incorporate the phosphorus. The 
mixture is then pdaced over the water-bath, the stirring being still continued ; a paste 
previously made up with 100 pts. of flour, or better of potato-starch, and 100 pts. of 
water is added to it, and the w'liole is beaten up for half an hour at 122-^ F., after which 
it is h‘ft to cool, the agitation being still continued till the temperature has fallen to 86°. 
The process yields from 600 to 5'>0 jds. of phosphorated paste. To cfTect a still liner 
division of the phosidiorus, the paste may be ground under the muller. 

Luci f cr -matches . — Ordinary lucifer-raatclics are simply wooden sulpdiur-matehes 
tipped with a paste containing phusp»horiis, and capable of igniting by friction. Ihe 
materials added to the pliospborus to promote its ignition are chlorate or nitrate of 
potassium, or certain metallic oxides which easily give npj their oxygen, such as the 
popoxidea of lead and manganese. Chlorate of potassium causes the pmste to 
with iletonation when rubbed, and often occasions the projection of a p>orMon of the 
burning matter to a considerable distance. This projection, which is rather dangerous, 
niay be prevented by using nitrate instead of chlorate of potassium ; the matches then 
burn quietly. . , „ , 

The phosphorus, and the salt or oxide which is to supply it with oxygen for combus- 
tion, are made up into a pivste with a strong solution of glue or gum, a small quantity 
of Vermillion or Prussian blue being added as colouring matter, and sometimes a lo 
fine sand to increase the friction. . . i, ‘ja 

The proportion of phosphorus varies considerably, being sometimes as ^ 30 o 
even 50 per cent. anJsomotim«8 ns low 10 or eren 5 por.cont. 
two compositions recommended by Bottger in 1844, and still in use or P P 
of noiseless lucifers 


Pbofiphorus (ordinary) 
Saltpetre . 

^<"<1 lead . 

Strong glue 


4 

16 


Phosphorus (ordinary) 
Saltpetre . 

Peroxide of manganese 
Gum . • 


9 

14 

14 

16 
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The reduction of the proportion of phosphorus in the iuflammublo nujiss to a 
mum is a great desideratum, as the process is thereby rendered less costly ai T”/'* 
matches when ignited emit loss of the disagreeable odour of phosphorus/’ A ^ 
method of effecting this reduction is that recommended by B. Wagner* 
Jahresboricht, 1866, p. 603), which consists in preparing the inflammable maw 
phosphoriLS dissolved in sulphide of carbon. This process not only effects the po'i’ ^ 
molecular subdivision of the phosphorus, but it enables the mass to be prepared with ^ 
the use of heat, a further very great adrantage. According to E. Mack (Verli- 
des Vereins f. Naturkunde in Presburg, 1858, i. 17), this simple expedient renders > 
possible to reduce the proportion of phosphorus to of tiiat at present in commn 
use. 

Some matches, instead of being coated at the ends with sulphur, are impregnat i 
throughout with stearic acid, wax, or paraffin. The paste for dipping these nStehrs 
requires less gum and a more active oxidising agent than that for the sulphur-mtitcbes 
The following are two of the compositions in uso : 

Phosphorus (ordinary) 

Strong glue 

Water .... 

Pine sand 

Vermillion or Prussian blue 
Chlorate of Potassium 

The dioxide of lead in the second of these compositions may bo replaced by 2 pts. of 
red lead and 0'6 pts. strong nitric acid. 

Matches thus prepared burn more readily than sulphnr-matclies, because the fatty 
matter and the wood take fire together, whereas in sulphur-matches the wood cl(V^s not 
ignite till the sulphur is nearly consumed. The matches impregnated with fatty 
matter also burn with a brighter flame, and are free from the suffocating odour which 
the sulphur-matches evolve in burning. Formerly these imitchos were impregnated 
with wax or stearic acid or resin, and as these materials are more expensive than sul- 
phur, their uso was confined to the higher priced matches; rc'cently, how'ever, thonso of 

g araffin and paraffin-oils for the purpose, patented by Mr. Let eh ford of Wliitecliapd, 
as greatly reduced the price of matches thus prepared. 

Ta-per or Vesta-viatclu Sy which consist of tapers of wax, rosin and tallow, orparattiii, 
require to bo tipped with a very inflammable paste, because, liaving but little rigidity, they 
cannot bear much friction without bending. The paste used for tipping them is madi! 
of 12 pts. ordinary phosphorus, 14 gum, 3 sulphide of antimony, 36 dioxide of li'ad 
(op 66 pts. of a mixture of red load 35 pts. and nitric acid 21 pts.) and 0-1 vcnnillion. 

Bhisces' for lighting cigars are made from strips of pulp Or thin card-bo:uvl 
previously prepared by steeping in a solution of saltpetre. 

Matches with Amorphous Phospkorics , — The u.se of ordinary pliosphorus in the 
manufacture of lueiftjr- matches is attended with certain inconveniences, arising partly 
from the groat facility with which it is set on fire by friction or by a very nioderafo 
heat, partly from the slow combustion which it undergoes at ordinary tern pern fares, 
whereby acid vapours are produced of very deleterious character. Prom this cause, the 
workpeople engaged in the manuflicture, e.specially the dippers, occasionally suffer from 
a peculiar disease of the jaw, which commences with pain and sw'elling, and ultimate ly 
produces necrosis of the bone. Ordinal^ phosphorus is, moreover, very poisonous in the 
solid state, and instances have occurred of children being poisoned by sucking nuitches 
tipped with it. 

Amorphous jphosphorus, on the other hand, is free from all those objection.^. It ih 
not poisonous in the solid state, and not being volatile or subject to slow combustion at 
ordinary temperatures, or even at the heat required to keep the paste in the liquid 
state, it does not impregnate the air of a factory with poisonous vapours. Moreover, it 
is not liable to bo set on fire by accidental friction. 

But, notwithstanding these advantages, the use of mutches* tipped with amo^ilious 
phosphorus has not become general. Lucifers of this kind were sent to the Exhibition 
of 1851 by Messrs. Dixon and Co. of Manchester, but they never found favour with 
the public, and have of late years disappeared from lli© market. The chief objections 
to them seem to be that tliey are not sufficiently inflammable, and that they burn wiih 
a guttering flame. 

Bbttger in 1848 suggested the preparation of friction matches capable of taking nro 
only when rubbed on a surface prepared in a particular way. Such matches, containing 
no phosphorus in themselves, but supplied in boxes provided with rubbers containin|; 
amorphous phosphorus, wore first sent into the market byPreshel of Vienna in ISoh 
and their preparation has since that time been greatly improved by Lu ndstrom o 
Sweden, and by Messrs. Coign ct and Co. of Lyons. In this country, patents for tn® 


. 30 
. 3*5 
. 30 
. 20 
O-ltoO-5 
. 30 


Phosphorus (ordinary) 
Gum tragacanth 
Water 
Fine sand . 

Dioxide of Load 


. 30 
. Oo 
. 30 
. 2'0 
. 20 



Paste for Matches* 
Chlorate of potassium . 
Sulphide of antimony . 

Glue (weighed dry) 


. 6 pU. 
2 to 3 „ 

. 1 pt. 
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i^nufactiireof lucifersbyLunastrom’sprocossbaTebcen taken out by Messrs. Brv.uit 

ftiid May.*^ ^ ^ 1* n 

The igniting compoflition applied to the tips of these matches, and tJio paste for the 
rubber are composed os follows : ^ 

Paste for Rubber. 

Amorphous phosphorus . .10 pts. 

Oxide of manganese or sulphide 
of antimony . ... 8 

. Olue (weighed dry) . . 3 to 6 \\ 

Miitehes thus prepared possess tho great advantage of being free from all -danger of 
ignition by accidental friction . henco they arc called Safvty-7}iatcJics (Alhirnettes de 
sm U)\ they are much used m hrancoand other parts of the 'Continent, and their use 
appears also to be extending in this country ; but the great majority of consumers still 
exhibit a preference for a match which will ignite by friction on any rough surface. 

There is another modification of the same principle, introduced by MM. Dovilliors 
and D a 1 e m a g n o , in which the amorphous phosphorus is placed at one end of t he match, 
and the chlorate of potassium at the other, so that ignition takes pla(‘o on breaking 
the matcli in halves and rubbing the two ends together. But these matches, called 
Alhumttcs androgy7tc,% do not appear to have come into actual use. 

TjUcifcrs vdthout -Phosphor us. Po avoid all danger of poisoning in tho preparation as 
well as in tho use of lucifer-mjitches. it has of late years been proposed to tip them 



juid ginn, dextrin, or glue 10 pts. Sulpliide of antimony and free sulphur, either 
Miigly or together, are also used as the inflammable material in these pastes. Tho most 
systematic researches on this branch of manufacture have been made by Wiederhold 
(Diiigl. pol. J. clxi. 221, 2G8 ; clxiii. 203, 209), from whicdi it appears that matches of 
good quality may be made with chlorate of potassium and hyposulphito of lead. 

The total elimination of phosphorus from the lucifer inamifactiire would indeed, as 
observed by Hofmann {Report, 1802, !>. 99), be a grand acliievemcnt, not merely on 
siinitary pounds, or as diminisliing fire-risks, but also because it would immediately 
liberate for agricultural purposes a large quantity of bones now consumed in the pre- 
paration of free phosphorus. 

For further details on the chemistry of tho lucifer-match manufacture, and for 
figures and descriptions of machinery used for cutting and dipping the matches, 
6 f ‘0 Kichardson and Wattses Chemical Technology, vol. i. pt. 4, pp. 131-180. 

PHOSPRORVSy BXlOXIXZl>£S OI*. Phosphorus unites directly with bromine 
at ordinary temperatures, with evolution of heat, and in the case of ordinary phosphorus, 
of light : small pieces of ordinary pliosphorus thrown into bromine may produce a 
dangerous explosion. There are two bromides of phosphorus, tho tri bromide and 
pentabromide, the former liquid at ordinary tomj)eratures, the latter solid; the ouo 
or tho other being produced according to the proportions in which the two elements aro 
brought together. 

Tribromlde of Phosphorus or Phosphorous Bromide. PBi-®. — Produced : 
I- By bringing bromine in contact with excess of phospdiorus. ^ Phosphorus is added 
lu pieces, not weighing more than a quarter of a grain, to perfectly anhydrous bromine, 
dll the liquid becomes colourless, after which the compound is separated by distillation 
from the excess of phosphorus (Lowig, Pogg. Ann. xiv. 485). In order to avoid 
du? chance of explosion, it is best to pour the bromine into a wide-mouthed bottle, and 
introduce perfectly dry phosphorus in a glass tube, sealed at bottom, and placed up- 
right in the liquid, so that on closing tho bottle tho bromine-vapour may slowly come 
in contact with the phosphorus (H. Koso, Pogg. Aim. xxviii. 550). An easy mode 
nf preparation is to dissolve bromine and phosphorus in separate portions of sulphide 
ca carbon, then pour the bromine-solution slowly into tho phosphorus-solution, and 
‘hstil (Kekul6, Ann. Ch. Pharm. exxx. 16). — 2. Vapour of pliosphonis is passed over 
jiiercurous or mercuric bromide, which is heated in a glass tube by means of a spirit- 
anip, and the product is collected in a cooled receiver ; the ]3roduet is purified from 
of phosphorus by distillation. (Lowig.) 

Tribromide of phosphorus is a colourless, transparent, mobile liquid, which docs not 
i'<*eze even at —12°, is very volatile, and emits dense wliito fumes in the air ; has the 
pungent odour of hydrobromic 'acid ; it probably reddous litmus paper only when 
"loisture is present. (L6 wig ; lia lard.) 

Y IS decomposed — 1. By tlater, with great disengagement of heat, into phosphorous 
hydrobromic acids, which latter, when a small quantity only of water is employed, 

• May d'.). Patent No. ISH. Auij. \\ 
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is evolved m the gaseous form (Balard). At 8® the decomposition tahes place 1 )^|, 
fUowly, even when the mixture is repeatedly shaken ; at 26° it proceeds very rapidly 
(Ldwig). By chlorine^ into chloride of phosphorus and free bromine, (Balard.) ^ 

Tribromide of phosphorus is capable of dissolving an additional quantity of phog. 
phorus, whereby it acquires the property of setting fire to combustible bodies brouglit 
in contact with it in the open air (Balard), of forming a pellicle of phosphorus when 
exposed to air, and depositing phosphorus when decomposed with water. (Ldwig.) 

Ammonio-phosj>horou3 hramide^ PBr*.5NH^ is formed when ammonia-gas is slowly 
passed into well-cooled tribromide of phosphorus. It is a white powder which, w))»'^ 
heated out of contact with air, is resolved into phosphide of nitrogen, phosphorus, 
vapour, bromide of ammonium, ammonia and hydrogen gas (Rose). \Vitli water it 
yields bromide and phosphite of ammonium. 

Pentabromlde of Ftaospboras or FboopboHo Bromide. PBr*. Per^omiik 
of Phosphorus. — Produced by the action of bromine in excess on phosphorus or on tlw 
tribromide ; also by decomposing iodide of phosphorus with bromine ; most easily pre- 
pared by tho second process. 

It is a lemon-yollow solid, crystallising in rhomboidal forms after fusion, in netdleg 
when sublimed ; molts at a moderate heat to a red liquid, which at a higher tem- 
perature evolves red vapours ; evolves dense pungent fumes in the air. (Balard.) 

Decompositions. — 1. By chlorine into chloride of phosphorus and free bromiuo.-^ 
2. By heated metals, into metallic bromide and phosphide (Balard). — 3. By oyde 
of copper and red oxide of mercury ^ into metallic bromide and pdiosphato (Lowig).— 

4. By a small quantity of water ^ into oxybroniide of phosphorus, and hydrobroniii* aoid 
(^Gladstone); by a larger quantity, with rise of temperature, into phosphoric and 
hydrobromic acids (Balard) : 

PBr“ + H*0 = POBr» + 2HBr 
PBr» + 4H*0 = PH“0^ -f- 5 TIBp. 


5. By dry sulphydric acid gas, forming a heavy liquid composed of 

which boils at 200° without decomposition, but respecting wliich it has not Ix on 
positively determined wlietber it is a definite compound or a mixture of two sub.'itanoi.s 
of equal or nearly equal boiling points (Gladstone, Phil. Mag. [3] xxxv. 345).- 

6. In pfmphoretted hydrogen gas the pentabromide first beconuiS liquid, yi<‘l(ling 
tribromide of phosphorus and hydrobromic acid, which then unites with jinotlnr 
portion of phosphoretted hydrogen, and forms hydrobromato of pbospliino PITMIIir, 
or bromide of pliosphorium PIPBr, which crystalliMPS in cubes (Serullas, iii. 201). 
By prolonged action of the phosphoretted hydrogen, tlio whole of tho bromiuo is iv- 
xnoved from the pentabromide, and phosphorus is set free. 


PBOSPBOBVS, CBBOBZBBS OP. Phosphorus unites readily and dirc^ctly 
with chlorine even at 0°, the product being a trichloride or pentachloride, according to 
the proportions of the two elements present. The action of chlorine on ordinary plios- 
phorus 18 attended with visible combustion. Chlorides of phosphorus are al.so prodincu 
by the action of phospliorus on metallic chlorides. 

Tricliloride of PHosplioras orPliospborous Cbloiidep PCI”; formerly called 
ProtocMoride of Phosplmis. — This compound is prepared : 1. By passing dry cJilonno 
gas over phosphorus contained in a tubulated retort till all the air is expelled, tlieii 
gently heating the phosphorus in a sand-bath, while a slow stream of chlorine is 
up, so that tho gas illay always come in contact with an excess of phosphorus. Ine 
trichloride then condenses in the receiver as an oily liquid, which may be purified from 
excess of phosphorus by slow rectification. If it contains any pentachloride, 
will be the case if the stream of chlorine has been too rapid, it must be digested tor 
some days with phosphorus and then rectified. — 2. Diy phosphorus is placed at the 
closed end of a glass tube; a few lumps of mercuric chloride are placed upon it ; the 
phorus is gently heated so that its vapour may pass slowly over the mercuric chlorK^ 
and the trichloride of phosphorus thereby produced is collected in a cooled receiver hu 


efterwards rectified. .. 

Trichloride of phosphorus is a thin, transparent, colourless liquid, of specific gran y 
1*61 (Pierre), 1'46 (Davy), boiling at 78^ to 78 6° under a pressure of 7«'>1 to 767 
(Dumas, Pierre, Andrews), at 73*8 under a pressure of 760 ram. t 

Jahresb. 1863, p. 70). Vapour-density 4*79 : calc. (2 vols.) — 4-77. La » 
heat of vapour » 67*24 (Regnault, Jahresb. 1863, p. 77). The tension of its ^ 
at dififerent tempeiatareB is according to Regnault (Jahresb. 1863, p. 65) as foiiews*- 
Tempera- Teiiilon of Tempera- Temlon of 

tare. Vapour. ture. Vapour. 

0®C . . . 37*98 mm. + 40°O . . . 3^1*39 mm. 

-t-lO ... 6*2*88 60 ... 486*63 

20 ... 100-66 60 ... 674*23 

80 m • • 166*66 « 
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.Trichloride of phosphorus smrcely reddens Jifmus-papor. It dissolves ph)sphmu» 
hutqnicHy deposito it again in the amorphous staU*. on exposure to the air. It ah- 
chlorine rapidly, forming the pentachlorido, and oxygen, at the boiling heat., to 
t.rm the oxychloride (Brodie). When heated in the flame of a spirit-lamp, it. takes 
^ and burns with a bright phosphorous flame. Potassium burns brightly in its 
vipour ; red-hot iron'-filings decompose it, with formation of phosphide of iron and ferric 
diloride. Strong nitric or nitro^ acid decomposes it with violent explosion, 
/pprsoz and Bloch, Compt. rend, xxviii. 86.) 

When poured into wuter^ it sinks to the bottom and decomposes, yielding hydrochlo- 
ric and phosphorous acids : 


AVhen exposed to moist air, it slowly decomposes in the same manner, giving off 
vbite pungent acid vapours, and acquiring an acid reaction. 

With sulphydric acid it forms hydrochloric acid and trisulphide of phosphorus, 
(Serullas) : 

2PC1» + SIPS « 6IIC1 + P*S>. 


With pJwsphoretted hydrogen it forms hydrochloric acid and yellow pliosphorus, 
wliith quickly turns red on exposure to light. 

With monatomic alcohols, ethers, and acids, it acts in the same manner as on water, 
producing a chloride of the alcohol-radicle or acid-radicle and phosphorous acid or 
aiiliyJj’ide, the phosphorous acid sometimes acting further on the alcohol to form a 
pho.sphorous ether (B<^ champ, Compt. rend. xl. 941:; xli. 23). Thus with cthylic 
alcohol it yields chloride of ethyl and phosphorous acid or phosphorous ether : 

3(CniMI.O) + PCl*» = 3C*H*G1 + PIPO> 

aucl 3(C2IP.H.O) + PH*0* = P(C^H^)>0» + 3H‘0. 


Anljydrous ether (ethylic oxide or anhydride) does not act on the trichloride at ordi- 
niiry temperatures, but when the two liquids are heated tog(4her to 180° — 200° in 
sealed tubes, chloride of ethyl and phosphorous anhydidde are produced, the latter being 
partly resolved by the heat into phosphoric anhydride and red phosphorus : 

3(C*IP)^0 + 2PCP « eC-'H^Cl f P^O*. 

With acetic add and anhydride it yields, under similar circumstances, chloride of 
acetyl and pliosphorous acid or anhydride. 

Heated with ethylic acetate to 160° — 180° in a sealed tube, it yields chloride of acetyl, 
chloride of ethyl, and phosphoric anhydride : 

3(C'^H*O.C*IP.O) + 2PC1* - 3C*H*OCl + SC^H'Cl + P*0\ 

From the ethers of the glycollic or lactic series, C"IP®0*, it abstracts the elements of 
valor, converting them into ethers of the acrylic series, according to the 

general equation ; 

3C“H*“0» + PCI* = 3C“H*““*0* + PH*0® + 3nCl. 

( 1 ’ rankland and Duppa, p. 273.) 

Zinc-ethyl acts very violently on trichloride of phosphorus, producing tricthyl- 
phosphine and zinc-chloride : ^ 

2PC1* + 3Zn"(C*n*)* = 3Zn''Cl» + 2P(C’'H*)*. 

Similar products are obtained with sinc-methyl and zinc-amyl (Hofmann and 
Call ours). See Phosphobus-basbs. 

Ammonia-gas is rapidly absorbed by the trichloride, forming, if rise of temperature 
ho prevented by external cooling, a white mass wliich was formerly regarded a.s a defl- 
|u(e ainmonio-trichloride of phosphorus, 6NH®.PCP, and was supposed to be resolved 
hy heat into ammonia, hydrogen, phosphorus-vapour and a residue of dinitrido ut phos- 
phorus PN* (see GTndinkS Handbook, ii. 481). But this aranionio-tricldoride has 
iifcver been obtained pure, and its very existence is doubtful. The product of the re- 
•lotion of ammonia on the trichloride appears indeed to consist mainly of a mixture of 
^^[‘^•^unoniac and phosphorosu-triamide, formed according to the equation, PCP + 
SNH^Cl -r N»H«P, and yielding, when ignited without access of air, a 
residue of phosphoroso-diamide and phosphoroso-monamido (p. 499). 

^entachloride of Plioaplioruo or Plioopliorlo Chloride. PCI®. Perckloride 

This compound is produced by the action of chlorine in excess on 
phosphorus or on the trichloride. — 1. Dry chlorine is passed in a rapid stream into a 
retort or Woulffe’s bottle containing phosphorus, which must be kept cool at first, 
^ otherwise the heat developed by the reaction will cause the trichloride of phosplmrus 
produced in the first instance to distil over. Afterwards, when the absorption of the 
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chlorine becomes slower, the reaction be assisted by a gentle heat. Amorn] 
phosphorus exposed in the state of powder to the action of a rapid stream of chlor' 
at once converted into the solid pentachloride. 

2. Phosphorus is also rapidly converted into pentachloride when introduced into 
phide of carbon previously-saturated with chlorine; and when chlorine is pass ? ' 
saturation into a solution of phosphorus in sulphide of carbon, the liquid on cool" 
deposits the pentachloride in crystals. This last method is now much used for 
preparation of the compound on the large scale; but according to Hugo 
(Zeitschr. Ch. Pharm. 1862, p. 295), the pentachloride thus prepared almost always coi? 
tains free phosphorus, especially when too strong a solution has been used, or the lid ’ J 
has been too strongly cooled before the formation of the pentachloride is complete. 'Inn 
impure product thus obtaiucd has a dull waxy aspect, different from the sliining straw! 
yoUow crystalline character of the piiro pentachloride, and changes more or loss, in course 
of time, into the liquid trichloride. Moreover, if the proportion of free phosphorus in it is 
largo, it may become dangerous, as the reaction between the free phosphorus and the ppu. 
tachloride may then bo attended with a rise of temperature high enough to prodnee ex- 
plosion. The product is also liable to bo contaminated with a sulphur-coRipoun,] 
resulting from the action of the sulphide of carbon on tlio pentachloride. For theso 
reasons M ii 1 1 e r recommends the preparation of pentachloride of phosphorus from tha 
trichloi^e as follows. 

3. A ilihaaU quantity of the trichloride is introduced into a wido-mouthed capacious 
glass vessel, closed by a perforated caoutchouc plate through which the chlorine is in- 
troduced. A certain quantity of phospliorus is then dissolved in it; cliloriim gas is 
passed into the vessel till tlie wliole of the phosphorus is converted into trichloride; a 
fresh portion of phosphorus is added ; more chlorine passed into the vessel ; uud 
so on till the necessary quantity of trichloride is obtained. This product is tlicn r-mi- 
verted into pentachloride by prolonged exposure to excess of chlorine. In this process 
the trichloride acts a.s a solvent of the phosphorus in placo of the sulphide of carbon 
used in the ordinary manufacturing process. If the product obtained by cither of tlm 
above processes still retains traces of trichloride, it may bo purified by redistillaf.iou 
in a stream of chlorine. 

Properties . — ^Pentachloride of phosj)horus is a white, or more frequently a straw- 
yellow mass of more or less compact texture ; it crystallises from fusion in prisms 
(Davy). Brodie by passing chlorine into a solution of phosphorus in sulpliitb' of 
carbon obtained it in dLstinct pliombie crystals. It sublimes at 100^ without previous 
fusion, but under increased pressure it melts at 148® and boils at a tetnperaturc a liltio 
above. The specific gravity of its vapour is, according toMitscherlicli, 4*85 at 18.)^; 
according to 0 ah ours it varies from 6’078 at 182° to 3'6o6 at 336°. The last ugrcfs 


nearly with a condensation to 4 volumes, for j . — 0 0693 = 3’G93. 

Probably a case of dissociation, 2 vols. of the pentachloridG splitting up when strongly 
heated into 2 vols. PCP, and 2 vols. Cl. (See ii. 817.) 

Decompositions. — 1. Pentachloride of pliosjjhorus burns in the flamo of a candle, luid 
when its vapour mixe«l with ox}/<jen is passed through a red-hot tube, it burns, witli 
formation of phospluiric anhydride and liberation of chlorine, and according to Bau- 
'drimont (R6p. Chim. pure, 111, 114), with formation of oxychloride of phosphonis. 

2. Treated in lifcf^anner with hydrogen^ it yields hydrocliloinc acid, trichloride of 
phosphorus, free phos^^orus, and phosphoretted hydrogen. (B a ii d r i ni o n t, loc. cit. j 

3. It does not act on carbon or on bromine, but with iodine it forms penluehlorulo 

of iodine, which unites with the excess of the pentacliloride, forming the compound 
PCIMCI. The same compound is formed by the action of the pentachloride on trkhlnrnk 
Kit iodine: POP + ICl* =. PCIMCI + CP; also by the direct union of tho penta- 
chloride of phosphorus with protochloride of iodine, or of trichloride of phosphorus witli 
trichloride of iodine. (Ban dr imont, Il6p. Chim. pure, iv. 60.) inocr'l 

4. Fused with sulphur , it yields sulphoperchloride of phosphorus POPS* or 'j 

(Gladstone, Chem. Soc. Qu. J. iii 5). With selcniicmyit former the compound P-'Cl 
or 2PCP.SeCP. (B a u d c i mo n t. ) , 

6. Heated with various metals to 130° — 140°, it forms trichloride of phosphorus an 
a metallic chloride, which generally unites with the excess of pentachloride, forminjr ■>' 
double chloride ; such is the ease with aluininium^ bismuth^ iron^ tin, and perhaps a S'O 
with zinc and copper* Gold and more particularly platinum are easily attacked by tn 
pentachloride, the latter yielding the sublimable compound 2PGP.PtCl^ Antimoii}!^ 
the most easily attacked of all metals by phosphoric chloride. If the metals are ^ 
to redness, a much more violent action takes place, phosphorus being set free, auc • 
metallic phosphide sometimes formed (Bivudr imont). Potassium heated m 

vapour burns with a brilliant light. 
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6, PeiitAchloride of phosphorus heated witlr\ small quantity of water, or exposed to 
moist air, in which case it gives ofT a largo quantity of intensely pungent acid fumes, 
Z resolved into hydrochloric acid and oxychloride of phosphorus ; with a larger quan- 
h of water it yields hydrochloric and phosphoric acids : 

PCI* + H=0 = POCP + 2HC1. 
and PCI* + 4H*0 = PIPO^ + 5HC1. 


7. StUphydric acid in like manner converts it into hydrochloric acid and sulphochlo- 
tideofphosplioius. ^ ^ ^ 


g alcohols and acids it is decomposed in the same manner as by water, yielding 
hydi-ocliloric uefd, a chloride of the alcoholic or add radicle, and oxychloride of phos- 
phorus, or phosphoric acid, according to tlie proportions of the acting substances, the 
phosphoric acid thus formed acting further on the alcohol to produce a phosphoric 
ether ; thus with amylic alcohol: 

C^n'MI.O + PCI* = C*H‘*C1 + IICl + POCl*. 

Amylic alcohol. Chloride of 

fittiyl. 

and 9(0*H".H.O) + 2PC1* = 6C*H"Cl + 6IIC1 + 2[(C*II")*HP0‘] q- H*0 

Ainvlic alcohol. Chloride of Dlamylic phonphato. 

^ AITIVI. 


C*H<0* + PCI* 

Acetic 

acid. 

C*H«0* + 2PCI* 

Lactic 

acid. 


C-'H^OCl + IICl + POCl*. 

Chloridti of 
acetyl. 

C*H<OCP + 2nci + 2P0C1*. 

Chloride of 
lactyl. 


With some diatomic acids, however, it first forms the corrc‘sponding anhydrides, 
which are then converted by excess of the pentachloride into the acid chlorides : 


C'H«0* + PCI* ~ C^II'O® + 2HC1 + POCl*. 

Succinic Succinic 

acid, anhydride. 

c'li'o* + poi» = c‘H‘0’a* + POCl*. 

Succinic Chloride of 

anhydride. Succiiiyl. 

Anthnonic add and boric acid are also dehydrtsLed by it, yh'hling the corresponding 
anhydrides, together with hydrochloric acid and oxychloride of phosphorus (Schiff, 
Ann. Oh. Phariii. cii. 1 11^ Strong nitric acid acts very violently on the peiitaehlopde, 
and when it is added to the latter by drops, hydrochloric acid escapes, and if tho 
mixture be well cooled, a blood*rod liquid is obtained which yields by distillation 
phosphoric oxychloride and yellow-red vapours, probably consisting of biO*(..-l. 
(Schiff.) . 

With strong sw/ijAwrtc add,\ho pentachloride first yields pliosphoric oxychloride 
and chlorliydroHulphuric acid, and by prolonged action, chloride ot Bulpihuryh^the 
Bo-ealled chlorosulphuric acid (SO’')''CP (Williamson, Chem. Soc. Qu. J. vii. 18o}: 

®°*1ho * POCl* ♦. fed. 

Sulphuric Chlorhydro- 

acid. sulphuric 

acid. 


SO* 


Cl 

HO 


PCI* 


SO*Cl* 


POCl* + HCI. 


With sulphuric anhydride, ihe products are also phosphoric oxychloride and chloride 
of sulphvirvl: 

SO* + PCI* - POCl* + SO'Cl*. 

With sulphurous anhydride in like manner chloride of thionyl, (SO) Cl , ^ 

On phosphoric anhydride, the pentachloride does not act in the cold, u 

It acts fasily, forming phosphoric oxychloride. Glacial and syrupy phosphoric acid 

are but slightly acted upon by it oven when heated. (Schiff.) 

9. Many metallic oxides and salts are readily decomposed )y igm 
of phosphoric chloride, yielding phosphoric oxychloride and a metallic chW^ 

oj^yehloridc. Such is caseVth the oxhides ^ 

the last yielding a violet sublimate of chromic chlori e. PCI* 

alumna yield slightly volatile sublimates consisting of the dou 
and Aia»,PCl*, rlspectively. Tho minerals of the s>^nel group 
*tod treated in like manner are also decomposed with more oi less facility, c 
Vot. IV. L L 
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and franklinile yielding distillates ^<ibntHining ferric chloride, spinel yielding 
chloride of aluminium. Titanate of iron yields a brown sublimate and a distillate 
containing the chlorides of iron and titanium. Finely pulverised silica yields a 
fuming distillate which is decomposed by water, with formation of gelatinous silica • 
felspar and garnet yield similar distillates containing also chloride of alumi^ 
niuin. Tungstic and molyhdic anhydrides are decomposed in a similar manner 
(Weber, Pogg. Ann. cvii. 375, Jahresb. 1859. p. 79). Tungstic anhydride heated with 
pentachloride of phosphorus yields a red-brown liquid, which when distilled gives off 
phosphoric oxychloride and leaves a substance, probably (WO*)"Cl*, which sublimes 
in yellow-red vapours. On molyhdic anhydride the chloride acts more violently, tlie 
mixture giving off thick white and red vapours, and leaving a thick oily liqmd which 
yields hy distillation, first phosphoric oxychloride, then molybdic oxychloride, then, 

S robably in consequence of a secondar}* reaction, a red woolly sublimate of molybdic 
ichloride (Sehiff). Arseniom anhydride-\s easily decomposed by pentachloride of 
phosphorus, yielding phosphoric oxychloride and trichloride of arsenic; arsniic anhy- 
yields the same products, with evolution of clilorine (Hurtzig and Geuther 
Jahresb. 1857, p. 186) : 

As®()» + 3PCP = 3POC1* + 2AsCl» 

As*0» 4- 6PCP =* 6POCP + 2AsCl» + CP. 

Chloride of chr&myl (chlorochromic acid), CrC'^Cl^ gently heated with phosphoric 
chloride yields a brown mass; at a stronger heat, phosphoric oxychloride and free 
chlorine are given off, and there remains a blue powder containing chromic and phos- 
phoric chlorides, and converted at a red heat into violet chromic chloride; 

2CrO*CP + 4PCP = 4POCP -h 2CiCP -f- 3C1* 


(Weber: see also 8cliiff, .Jahresb. 1857, p. 107). Boric anhydride is but very 
slightly decomposed by ignition in the vapour of phosphoric chloride; iodic anhi/di'iiln 
very easily (W ebor). Nitrate of silver and chlorate of potass/ uoi are doeompost d liy 
phosphoric chloride at ordinary tempenitures ; tungstate of iron (wolfram), sulphate of 
harium, phosphate of sodium and other salts at a red Inuit (W eber). The decompo- 
sition ot chlorate of potassium is represented by the equation : 

KC10» + 3PCP = 3POCP 4- JCCl 4- SCI®. 


Sometimes also a detonating gas (bypoehlorous anhydride or chloric peroxide) is 
evolved, probably from the action of liydrocliloric acid resulting from the presemee of 
moisture (Baud rim on t). According to Sehiff (Ann. Uh. Pliarm. evi. IIC) u d:irk 
yellow gas is given off, which may be heated without exploding, and when passed into 
dilute potash-solution, forms chloride, liypoclilorite and clilorate of potassium. 

10. Metallic sulphides heated in the vapour of pentachloride of phosphoi us, arc do- 
composed like the oxides, yielding metallic chloride and sulphochlorido of pliosphoni'i, 
PSC1\ but generally with "greater facility than the oxides, and sometimes with iiu:in- 
descence. Iron pyrites, zineddende, sulphide of histnuih, realgar, native suljdii<l< "J 
antimony, undi galena, are easily and cornf>leto]y decomposed, the last with incandos- 
cenceand formation <yf a brown-red product, probably a sulphoediloride of lead; arsnn- 
cal pyrites, 8)naltine, cobalt-speiss, and rcr/ silver ore. are likewise easily decomposed. 
Belenide of lead yields chloride of lead and a reddi.sh seleniferous liquid probably con- 
taining selenioclilori^ef phosphoru.s. Metallic arsenidf s, such a.s arsenical iron and 
copper-nickel, are but ^owly attacked by pentachloride of pho.spliorus. ( W e b e r, /or ' //'.) 

11. Sulphocyanate of potassmm gently heated with pentachloride of ply).sphoru3 
yields gaseous chloride of cyanogen, 8ulx)hochloride of x)hosphorus, and chloride ot po- 
tassium : 

KCyS 4- FC1» CyCl + KCl 4- PSCR 

A small quantity of chloride of sulphur is likewise formed. At a higher temporaturo 
larger quantities of chloride of sulphur di.stil over, together with trichloride of 
pho.sphorus and solid chloride of cyanogen; and a reddish-yellow residue is b'ft, froui 
which water extracts chloride of potassium, leaving sulphur and yellow decompoHition- 
products of potassic sulphocyanate. The first reaction is probably : 

6KCyS + 2P01» = 2Cy*Cl' + S*C1» + 2KC1 + 2K*S* + 

the free phosphorus and the disulphide of potassium afterwards acting on fresh portions 
of the pentachloride, us follows : 

P* 4- 3PCP = 6PC1»; 

K*S* 4- POP - PSCl* 4. 2KC1 -I- S. 

The yellow products aWe mentioned probably arise from another mode of 
sition of the sulphocyanate, produced simultaneously by the heat. (Sehiff Ann. 
Pharm. cvi. 116.) 
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With pho^phoretted hydrogen penta<ihloride of phosphorus forms hydrochloric acid 
Hid trichloride of phosphorus, or free pliosphorus, accordiug to the proportions : 

3PCI* r PH* «=: SHCl + 4PC1* 

3PC1* + 6PH* = 16IIC1 + P». 


12. Pentachloride of phosphorus rapidly absorbs forming sal-aramoniac, 
the so-called chlorophosphamide (p. 498), chloronitride ot phosphorus, and perhaps 
other products ; 


PCI* 


4NH* 


and 


= N'^H^PCl* + 2Nn^Cl; 

Chlorophosphuin ide. 

PCI* + 4NH* - PNCl* + SNH^Cl. 

Chloronitride ^ 

of phosphorus. 

It was formerly supposed also that a compound of ammonia with the pentachloride 
was formed; but this does not appear to bo the case. (See Gmclinh Handbook, 
ii. 482.) 

13. Amides are decomposed by pentachloride of phosphorus in various ways. Aceta- 
mide acts very violently on the pentachloride, and on distilling the product, a con- 
siderable quantity of carljonaceous matter is left, while a compound of acetonitrile 
with trichloride of phosphorus, C^H*N.PCP, passes over (Henke, Ann. Ch. Pharm. 
cvi. 272). H utyr amide yiiMfi in like manner the compound, C^lPN.PCl* (Henke) ; 
or according to C a hours (Compt. rend. xxv. 326), butyronitrile, oxychloride of 
phosphorus, and hydrochloric acid : 

C^IPNO + PCI* = C*H^N + POCl* + 2HC1. 


Jien^'amide yields in like manner, according to Henke, henzonitrile, C’H'’N, oxychloride of 
phosphorus, and hydrochloric acid ; according to Gerhardt, the first products of the re- 
action are oxycliloride of phosphorus, and the compound : 

C’H’NO + PCI* = POCl* + CUPNCP; 

the latter being subsequently resolved into IICl and C’lPNCl, which when heated is 
further resolved into HOI and C^H*N (henzonitrile). Hid phophenyl amide (or sidphi- 
phniylarnio acid), C*ir80''N, heated with pentachloride of phospboru.s yields sulphiphe- 
nylic chloronitride (Qerliardt’s chloride of sulphophcnylumidyl) ; according to the 
equation : 

(SO)" + rci* = Hci + poci» + («o) >01- 

Sulptaiphcnylainic Sulplilphnnylic 

acid. chlorumtriile. 

Hmzosulphophcnylamide yields in like manner benzosulphiphenylic chloronitrido : 
C’lPO) 

C“H* ( 

(SO)" I 

(Grerhardt, Ann. Ch. Pharm. cviii. 214; compare Fittig, iUd. cvi. 277; Jahresb. 
1S&8, pp. 314— 320.) 

Compounds of Pentachloride of Phosphorus with other Chlorides. 

These compounds are obtained either by direct combination of their proximate 
constituents, or by the action of various elementary bodies on pentacliloride ot [ihosphorus 
(p. 512). They are all less volatile than the latter, and may bo freed from excess of 
h by heating for ten to twenty hours to 160° — 180^, and further purified by sublima- 
tion at a higher temperature. They are all solid, volatile, fume in the air, and are de- 
composed by water, in some cases with rise of temperature. (Baudrimont, Compt. 
r^nd. Iv. 361 ; Ann. Ch. Phys. [4] ii. 6.) 

^odophosphoric chloride, PICl* = PCIMCI, is obtained by the action of iodine on the 
P' ntachloride ; also by direct combination of its component chlorides, or of trichloride 
phosphorus with trichloride of iodine ; or by the action of trichloride of iodine on 
piiiitachloride of phosphorus : 

PCI* + ICl* = PICl* + Cl* 

It is otange-yeUow, and maybe obtained by distillation in beautiful needles which 
^X'ckly absorb muistnre and deliquesce to a corrosive liquid. , , , . •• 

. Selmio^hosphorio chloride, P*Sc01‘* = 2PC1“ SeCi*. obtained by direct combination 
>s pra.nge.yellow, boils at 220°, and acquires a transient nid colour when heated tiU it 
Volatilises. 

^v,mino.photphorio chloride, PAICI* - PCRAICI*.— This fompound, first obtained 

1 . 1 . 2 


N 

O 


PCI* 


HCI 


C’IPO)„ 

+ POCl” + (SO)" 


c«n= 


;ci- 
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by Weber (Pogg. Ann. cvii. 375), la produced by direct combination, by heatinff 
finely divided alumina in the vapour of phosphoric chloride (Weber), or by th^ 
action of aluminium on that compound (Baudrim ont). It is white, easily fusiblp^ 
Bolidifies in the crystalline form on cooling ; is much less volatile than either of the 
component chlorides (Weber), boils above 400"^ (Baudrimont). It is decomposed 
by phosphorus, with formation of trichloride of phosphorus; forms a dark rod- brown 
mass when heated with sulphur ; and when heated with chloride of potassium, gives 
oiF pentachloride of phosphorus, and is converted into chloride of aluminium and 
potassium. 

Ferrico-phos'pJioric chloride, PFeCl® = PCP.Fe'"Cl*, obtained by similar processes 
is brown, easily fusible, less volatile than either of the component chlorides (Weber)- 
melts at 98° and bhils above 280°. (Baudrimont.) 

Mercurico 'phosphor 10 chloride, PHg*Cl“ = PCP.3lIg"CP, forms easily fusible 
needles volatilising at about 200°, and decomposing when suddenly heated. (Ban- 
drimont.) 

Platinico-phosphoric chloride, P*PtCl** = 2PC1* Pt'^^CP, obtained by the action of 
platinum on the pentachloride, is an amorphous ochre-brown mass, which volatilises 
with partial decompo.sition at temperatures above 300°. (Baudrimont.) 

Stannico-phosphoric chloride, PSnCl® = PCP.vSn‘''Ol*, produced by direct combination 
or by gently heating the compound, 2SCP.SnCP with trichlorido of phosphorus in a 
current of dry hydrochloric acid gas ; 

2SCl*.SnCP + 3PCP = PCP.Sn^-CP + 2PCP + S‘CP ; 

also by heating the same compound with pentachloride of phosphorus in a stream of 
chlorine (Casselmann, Ann. Ch. Pliarm. Ixxxiii. 257 ; Jahresh, 1852, p. 393), It 
sublimes in brilliant colourless needle-shaped crystals, which soon cruml>le to an amor- 
phous powder even in closed vcssels(Casselmann). JMeltsat 220°, and volatilises wiili 
partial decomposition. (B a u d r i m o ri t.) 

PHOSPHORUS, CHIiOROHXTRZBB OF. P^'NH.'P. ChlorophosphurH oj 
Nitrogen. — This compound was discovered by Wohler andLieb ig (Ann. Ch. Pbarm. 
xi. 146), who assigned to it the formula P®N‘^CP. It was further examined by 
Gladstone (Ohom. Soc. Qu. J. iii. 13r5), who.se analyses app»*ared to contiim this 
formula. Laurent however (Compt. chim. 1850, p. 387), suggested that the true for- 
mula of the compound was PNCP, derived from that of pentachlf)i-ido of phosphorus 
by the substitution of 1 at. nitrogen for 3 at. hydrogen; and the correctness of I liis 
formula has been established by the recent analyses of Gladstone and Holmes 
(Chem. Soc. J. xvii. 225), who have however siiowui that it must be tripled in accord- 
ance with the observed vapour-density. 

Formation. — By the action of pentachloride of phosphorus on ammonia, chloride of 
ammonium (Wohler and Liebig), or chloride of dimercurarnmonium (white precipi- 
tate). (Gladstone and Holmes.) 

Preparation. — 1. Pentachloride of phosphorus is saturated with dry ammoniacalg Jf*, 
and the white mass produced is distilled with water. The crystals which condense in I bo 
water contained in the receiver are then collected on a filter, washed, dried, and purilicd 
by solution in hot ether and recry-stallisation (Wohler and Liebig). — 2. Penta- 
chloride of phosphorus is placed at tho closed end of a glass tube three feet long, and 
at a short distance from it, long pieces of sal-ammoniac are introduced, in such (|uan- 
tity that the tube may be half tilled with them. The tube is then laid horizontally in 
a long furnace, similar to that used for organic analysis, and the sal-amnioniac 
heated till it begins to volatilise ; a gentle heat is then applied to the chloride of plios- 
phorus, so that its vapour may slowly pass over the sal-ammoniac, and be completely 
decomposed. A large quantity of hydrochloric acid gas is evolved, and the cool Piut 
of the tube becomes filled with crystals of chloronitride of phosphorus. This portion 
of the tube is broken off, and freed from sal-ammoniac by slightly washing it with 
water, and the compound is finally purified with ether (W cihler and Liebig). — 3. An 
intimate mixture of white precipitate and pentachloride of phosphorus is gently heated 
in a flask, whereupon a brisk action ensues, and chloronitride of phosphorus is formed, 
together with chlorophosphamide, mercuric chloride, and sal-ammoniac. The product 
is treated with water which dissolves out the two latter substances, and from the residue 
when dry the chloronitride may be extracted by means of ether, chloroform, or sulphide 
of carbon. This method is easier of execution than the preceding, but not more pro- 
ductive. (Gladstone and Holmes). 

Chloronitride of phosphorus separates from either of the solvents 
mentioned in ciystals belonging to the trimetric system.* Specific gravity *» 

• The paper by fSladstone and Holmes above referred to contains a ftill description of the form *nd 

optical properties of these crystals, by Professor W. 11. Miller of Cambridge. 
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small crystals or a film of the melted substance float however on water, doubtless from 
its inability to be wetted. Its specific refractive energy (e. e. \ \^y 

obstnation 0-316; by calculation from the specific refractive energies of its^conutituents 
(phosplioras 0*68, nitrogen 0*238, chlorine 0*242) it is 0*332 (Gladstone and 
Holmes). It melts at about 110*^ to a clear liquid which boils at 240® ; it volatilises 
slowly at ordinary temperatures, and when heated gives off a douse vapour having a 
jufuliar odour (Glads ton e). It gives by analysis -20*96— 20*44 per cent, phosphorus, 
11*73 nitrogen, and 60*72 — 61*15 chlorine (Gladstone and Holmes), ngreeing 
iipnrly with the formula PNCl'^, whicli requires 26*72 phosphorus, 12*07 nifro am, and 
61*21 chlorine. The vapour-density (mean of two determinations) = 12*21 whence 
the true formula of the compound is which, for a condensation to 2 volumes, 

gives for the calculated density the number 12*10. 

Cbloronitride of phospliorus is insoluble in water, which inoreovcT does not easily 
wet it; easily soluble in alcohol, eth/r, chloroform, sulphide of carbon, henzme, oil of 
turpentine and other hydrocarbons. It is not decomposed by sublimation in liydrogcm 
er siilphydric acid gas; or when heated with iodine (Gladstone). AVhen ignited 
with oxide of copper, it yields nitrogen gas and nitric peroxide. Its vai)our passed 
over red-hot iron, yields nitrogen gas, and a <rry.stiilline mass consisting of chlorid(' and 
phosphide of iron (Wohler and Liebig). Ileated with silver, it yields chloride of 
silver, another silver-salt insoluble in nitric acid, and ammonia; it is decomposed in a 
similar manncT by silver w-hen dissolv<*d in ether, the solution acquiring an acid 
reaction. Its alcoholic solution mixed with nitrate of silver, yields a precipitate of 
silver-chloride. According to Wohler and Liebig, it is not attacked by .sulphuric, hy- 
drochloric, or nitric acid, even when heated; according to Gladstone, the crystallised 
siilisUUK-<? is attacked only by hot fuming nitric acid, and more easily when dissolved in 
alcohol or ether. 

Wlteii treated in alcoholic solution with ammonia or j^^dash, it is immediately con- 
verted into pyrophosphodiamic acid (q. v.) (Gladston e and Holmes) : 

2P»N*’‘C1- + 151I'‘'0 r= 3P’^NHI«0* + 12HC1. 

Chloroiiitriile Pyroplios- 

of piiosphorus. pitoaiainic 

acid. 


PKOSPBORVS, CKliOROSVXiPHZBB OF. 8ee Phosphorus, Sulphochlo- 

uiur OF. 


PHOSPHORUS, CVA.SrZBES OF. Kemp found that cyanogen liquefied by 
i^tr(»ng })i<'8sun‘ is c*aj»able of dissolving pho.sphorus ; and Ccncdella (Ann. Ch. 
bliarm. xviii. 70), by heating 5 grains of phosphorus with 20 grains of mercuric cyanide, 
obtained (unless a dangerous explo.siou took place) a white sublimate wdiieli had a very 
]/arigent odour of phospliorus and cyanogen, and dissolved in water with ebullition 
iJiid separation of pliospliorus, forming a solution of phosphoric acid, with traces of 
hydrocyanic acid {GmeUn's Handbook, viii. 147). Neitlier of these produefs, liovvevor, 
appears to have posses.sed any definite character, and the only known defiiiito cyanide 
of pho.sphoru.s yet obtained is that wliich correspomls to the trichloride. 

Trlcyanlde of Pliospliorus or Pliospborous Cyanide, P(7N* or PCy* 
(Uiibiii>r and Welirhane, Ann. Cli. Piiarm. cxxviii. 254 ; cxxxii. 277). — This com- 
pound is produced : 1. By heating cyanide of silver wdth trichloride of phosphorus in 
a sealed tube : 

PGP -h 3AgCy - PCy» 3AgCl. 

2. Together with chloride of cyanogen and chloride of silver, by heating cj'anide of 
silver w-ith a solution of pentachloride of phosphorus in sulphide of carbon : 


PGP 4- 4AgCy = PGy» -t* GyGl + 4AgGl. 

It i.s not formed by heating other metallic cyanides or hydrocyanic acid with t richloride 
t'^y^-'*'phorus, or by mixing phosphorus vapour with cyanogen gas or vapour of 
''Idoride of cyanogen. 

reparation. — Gyanide of silver is thoroughly moistened in a strong tube, which is 
k^l’t coo], with trichloride of phosphorus; tlie tube is sealed and heated to 130® — 140® 
n ‘*^1^ Of eight hours; the product is then warmed to drive off the excess ot the tri- 
chloride; and the dry residue is heated to 130® — 140®, or at most to 180®, in a 
having its beak directed upw'ards (best in a slow stream of carbonic anhydride) 
dl it sublimes. The retort is then closed air-tight and left to cool, and ihe crystals 
phosphorous cyanide are removed from the neck by a glass rod, 20 to 25 grammes of 
silver-cyanide yield 4*5 to 4*8 grammes cyanide of phosphorus. 

Properties . — Tricyanide of phosphorus forms long white needles or thick plates, 
which take fire even on being touched with a warm glass rod, and gradually disintegrate 
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in contact with moist air, with separation of phosphorus, formation of phosphorous aciil 
and evolution of hydrocyanic acid. It melts between 200® and 203°, and remain 
liquid for some time after fusion, but solidifies on being touched with a solid body. Tt 
b«als at a few degrees above its melting point. It is but slightly soluble in ether 
chloroform^ sulphide of carbon or trichloride of phosphorus^ more easily however neir 
its melting point. In contact with water, it is rapidly decomposed, yielding hydro- 
cyanic and phosphorous acids. With ethylic or amylie alcohol, it producea the corre- 
sponding phosphorous ether, together with a large quantity of Jiydrocyanic acid and a 
fetid body, the samo apparently as that which is formed in the preparation of cyanide 
of ethyl (ii. 211). Acetic acid acts on phosphorous cyanide with great violence, oficu 
producing separation of carbon. With valtrianic acid it forms hydi-ocyauic acid*plu)8. 
pliorous acid and an oily body exhibiting the reactions of cyanide of valeryl. Chloride 
of acetyl acts upon it at 100°, but the reaction does not yield any easily separable 
products. It is not acted upon by dry amnumia gas at ordinary temperatures, but 
when heated in that gus, it is converted into a black mass insoluble in water. 

PBOSPRORirS, DSTSCTZOnr i)Lliri> £STXAZii.TXOIir OF. Phosphorus, as 
already observed, occurs in nature most frequently in the form of a phosphate. The 
reactions of these salts, and the methods of estimating the phosphoric acid or tho 
phosphorus contained in them will be given hereafter (.see PHOspnouus, Oxygen- 
acids of). 

In the lower oxygen-compounds of phosphorus, namely the phosphites and hypo- 
phosphitoa, the pho.sphorus is determined by converting them into phosphates by 
oxidation with nitric acid, or better with hydrochloric acid and chlorate of potassium, 
or by their reducing action on salts of gold or mercury. 

The chlorides of phosphorus are analy.scd by decompo.sing them with water or 
with alkaline solutions, whereby they art^ converted into hydrochloric acid, and phos- 
phorous or phosphoric acid, according as tlie compound operated on is a tri- or penfa- 
chloride. In tho latter case, tho pliosplioriis may be immediately precipitated as 
ammonio-magnesian pliosphatc ; in the former it must first be brought to the state of 
phosphoric acid by oxidation with nitric acid. Tho chlorine may be dc'termined by 
precipitation with nitrate of silver. Tho same method serves for the analysis of the 
bromides, iodide 8, and cyanide of phosphorus. 

Tho sulphides of phosphorus may be decomposed by fusion with nitre and carbo- 
nate of sodium, or by treatment with hydrochloric acid and chlorate of potassium. In 
either case, the phosphorus is converted into p)]»osphoric acid, the sulphur into sulphuric 
acid, and tlie former may be precipitated by solution of magnesia and ammonia, the 
latter as a barinm-salt. 

The same method is applicable to the selenides of phosphorus. 

The nitrogen-compounds of phosphorus, viz. the phos phamides and phos- 
phamic acids, are decompo.sed by tlie action of alkalis, the phosphonis being thereby 
converted into a salt of phosphoric acid, Chloronitride of phosphorus is 
deconipo.scd by treating its alcoWic solution with ammonia, whereby it is converted 
into chloride and pyrophosphodiamatc of ammonium (p. 617). Tho chlorine is thou 
thrown down by nitrate of silver in presence of nitric acid, and tho pyroijhosphodianuc 
acid is converted into phosphoric acid by boiling its solution for some time with hy- 
drochloric acid. (Gladstone and Holmes.) 

The phosphorus in organic compounds is converted into phosphoric acid, either 
by fusion with nitre and carbonate of sodium, or by Carius’s method of heating with 
nitric acid in sealed tubes (see Analysis, Organic, i. 248). Many animal and vegetable 
substances contain phosphorus, partly a.s phosphoric acid, partly in combination with 
the organic matter. To estimate tho quantities of phosphorus existing in those two 
states, a known weiglit of the compound is boiled with hydrochloric acid, which dis- 
solves the phosphate present, and possibly another portion or even the whole of the 
compound, though that is seldom the case. The liquid is then filtered and the phos- 
phoric acid precipitated as ammonio-magnesian phosphate. Another portion of the 
compound is oxidised by one of tho methods above mentioned, and the phosphonc aciti 
determined in like manner. If the quantities of phosphoric acid obtained in the two 
cases are equal, it may be concluded that all the pnosp horns in the original compouua 
was in the form of phosphoric acid ; if on the other hand the oxidised portion is founa 
to yield a larger quantity of phosphoric acid, the quantity of phosphorus existing m the 
non-oxidised condition may be calculated from the difference. . , 

Gaseous compounds of phosphorus and hydrogen are analysed bypassing them 
in the perfectly dry state over a weighed quantity of sulphide or chloride of 
nickel, cobalt, or iron, of known composition, kept at a moderate heat in a bulb-tu e. 
The metal is tlicreby completely converted into phosphide, and the 
passes off as sulphydric or hydrochloric acid. The bulb-tube containing the meta 
chloride or sulphide is weighed, first empty, then with the chloride or sulphide i» » 
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lasUy at the complrtion of the expenment. The composition of the chloride or 
s„lpl.i.lc used being previously known, the quantity of metal contained in it is also 
t„„Vn and the excess of weight of the metallic phosphide over this gives tlie quantity 
of phosphorus in the gas. To determine the quantity of hy.lrogen that was in coml.i- 
aatioii with It, the sulphur or chlorine that has united with tliis hydrogen must be 
„lU,cted and estimated, ^ hen a sulphide is used, the siilphydric acid produced may 
into a solution of lead or copper, the precipitated sulptiiile oxidised by nitric 
the sulphur precipitated as sulphate of barium (see Sm.vHUtt) If the 
letallu; corapoiiiid was a ehlorido, tlie hydrochloric acid which passes off is 


passed into a solution of lead or copper, the predpitated suiphhiroxidtsed^ 

Jind t- wnli'iimi* nropini i • / n » _ 

originiil ^ ...... « , ..c njiuufuiunf. aiua wnicii pn 

into dilute ainmoniti; the resulting solution iieuliMlistrd with nit rif. aeid and the 
chloriiio i.rofipitatod by nitrato of silvfT. Tlie qinnitlt.y of sulpluir oi* chlorine which 
h!V.s b('en expelled as a hydrogon-compoiind being thus known, the (pumtity of hydrogen 
wliich has entered into combination ivitli it, whieh is the same as tliat. originally coni- 
Itiiicd with the plio.splioriis, is easily caleuhiled. This nu thod gives trustworthy results 
oven will'll the pliosphorettcd hydrogen gas is mixed witli a eonsidi^rable (puintity of 
five, hydrogen ; for the sulphides of the nu'tals above mentioned are not docomposod 
by free hydrogen, even at high temperatures ; neither are. tlieir elilorides decomposed 
by that gas at the temperature required for the decomposition of the idiosplioretted 
liydrogen, especially in presence of an excess of the latter. The sulphides, however, 
give for the most part more exact results than the chlorides. * 

To determine the total amount of hydrogen as well as of pho.sphonis in a mixture 
of pliosphon‘tted hydrogen and free hydrogen, the gas, after bi'ing thoroughly drit^l, is 
ji:i«scd. through a tube containing very finely divided metallic copper heated to redness. 
The phosphorus then unites with the copper, and the hydrogen thus liberated, together 
with I hat originally exi.st ingill the free stale, passes into a. .seeoiid tube containing oxido 
efcojqxT likewise heated to ri'dness, whereliy the hydrogen i.s converted into vapour of 
water, which passes on and is eolloeteil in a third tube containing dry cliloride of calcium. 
Tlie increase of weight of the first tube, after the experiment gives the quantity of phos- 
plicrus, and the iiicri'ase of weight of the third tube gives the quantity of water formed, 
wheiicellie total quantity of hyilrogen is determined. In this miinner the relative quan- 
tities of free hydrogen and pliosphorettcd hydrogen, T'TT®, in the gas may be found. 
Tor other methods see IT. Rose. {Traiie de Chlmie Anal iftiqnr^ ii. 1172.) 

.Metallic phosphides are analysed by dissolving tlieni in nitric acid, nitro-miiri- 
atic acid, or a mixture of hydrochloric aeid and ehlorati' of potassium. The pliosphorus 
is thereby completely converted into pltosphoric acid, the metal being for the most 
purt dissolved at the same time. The rnetal may then bo precipitated from the solution 
l)y siilphydric acid orsulphide of ammonium (after the excess of nitric acid has been driven 
offer nearly neutralised), and from the filtrate, the phosphoric acid may be precipitated 
ns a mraonio-inagnesian phosphate. If pure nitric acid lias been used to dissolve the 
compound, the solution may be evaporated to dryness, the calcined residue deconipo.sed 
by fusion with an alkaline carbonate, the fused mass digested with water, and the pho.s- 
phoric acid precipitated from the filtered alkaline solution as aliove. The phosphide 
may also be decomposed at once by fusion with four or live times its w'eight of a 
luixfure of nitre and alkaline carbonate. 

Most metallic phosphides are insoluble in liydroehloric acid, even when heated. 
Nevertheless when a very small quantity of phosphorus is associated with a large quan- 
tity of iron, as in many kinds of pig-iron, the whole dissolves in hydrochloric or dilute 
sulphuric acid, the phosphorus passing into solution as phosphoric acid. (For the 
methods of estimating phosphorus in pig-iron, see iii. 373.) 

Testing for free Phosphorus. — The properties and reactions of phospliorus in the free 
state have been already described. Ordinary pho-sphonis is especially distinguished by 
Its ready inflammability, the bright flame and dense white fumes of pho.sphoric anhy- 
dride produced by its rapid combustion, and by the peculiar odour and luminosity 
J.” the dark re.8ulting from its slow combustion at ordinary tenificraturijs. Oils and 
fatty substances mixed with finely divided phosphorus likoAvise sliine in the dark with 
8. greenifsh-wbite light. Small quantities of phosphorus iu the state of vapour or me- 
cnHuically suspended particles, impart a peculiar greenish colour to the flame of hydro- 
other combustible gases. 

” hen the quantity of free phosphorus mixed with any substance is too small to pro- 
^ U(^e himinosity, it might be detected by oxidising it to pho.sphoric acid by means of 
i*itrie acid or hydrochloric acid and chlorate of potassium, and testing for phosphoric 
iicul by the usual methods. But when phosphorus has to be searched for in cases of 
poisoning, this method is of no value : for phosphoric acid is contained in most of the 
•ssues and fluids of the animal body, and in the majority of sub.stances whieh are used 
"obtain the reactions of this acid in the substance under examination, 
““was therefore no proof that phosphorus has been administered ; the only satisfactory 
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evidence of such administration is to produce the phosphorus in the free state or 
lejist to exhibit its luminosity. ’ “ 

The process generally used for this purpose is that devised byMit8cherlich(J n 
Chem. Ixvi. 238; Jahresb. 1855, p. 779). The suspected substance is istilledw^l* 
water and sulphuric acid in a fljisk fitted up with a deliveiy-tube bent twice at rieht 
angles and dipping into a receiver containing water, which must be kept cool : for gases 
and vapours containing free phosphorus do not exhibit luminosity when their temper- 
ature is raised above a certain point. The distillation is performed in the dark. Xh 
soon as the vapours arrive in the cool part of the tube, a continual phosphorescent light 
is observed therein, generally in the form of a shining ring ; at the same time globules 
of phosphorus are deposited in the receiver. In this manner 1 pt. of phosphorus may 
be detected in 100,000 pts. of substance. The luminosity of phosphorus is howev^ 
prevented by the presence of certain volatile substances, among others by ether, alcohol 
oil of turpentine and ammonia. Ether and alcohol being very volatile, quickly puss 
off at the commenc(?ment of the distillation, so that their disturbing influence is soon 
eliminated ; oil of turx)eiitine, on the contrary, would prevent the phosphorescent appear- 
ance during the whole of the distillation ; but this substance is not likely to bepres(!iit in 
matters wliich become the subject of medico-legal investigations. Ammonia if present 
will be retaiiUHl by the sulphuric acid in the flask. 

Scherer (Ann. Ch. Pharm. cxii. 214), modifies the preceding process by filling the 
apparatus before commencing the distillation, with carbonic acid p,s, which is easily 
etfected by throwing a few lumps of chalk into the flask containing the acid liquid. 
Tlie phosphorescence in the tube is then seen just as before (the oxygon being of conrso 
not completely pxp('lled), but tlie conversion of the phosphorus into phosphorous acid is 
in a great measure prevented, so that a larger portion of it is collected in the fn'e state. 
The water in the condensing vo.ssel shiiuis strongly when agitated in the dark, and 
gives a blackish precipitate with nitrate of silver. 

Small quantities of phospliorus diffused through organic matter may be collected 
and approximately estimated by means of sulphur. The substance under examination 
is mixed in a tubulated retort with dilute sulphuric acid, a few jiieces of sulphur are 
ndd<*d, and the whole is distilled for about half an hour. The distillate frequently 
contains small quantities of phosphorous and phosphoric acids formed by oxidation of 
the phosphorus vapours. It may be treated with nitric acid in order to convert the 
whole of the phosphorus into phosphoric acid, and the quantity then determined by 
precipitation as amraonio-magnesian phosphate. 

The residue in the retort is removed after cooling and the lumps of sulphur arc picked 
out and washed. They contain all the free phosphorus in the original substance which 
has not jJassed over into the distillate. If the phosphorus is in excess, its combination 
with sulphur is liquid even after complete cooling ; in the contrary case, the compound 
when cold is a soft, plastic, crystalline mass. If the sulphur contains only 2 per cent, 
of phosphorus, it may still fume on exposure to the air oven after drying, and turns 
black when moistened with silver-solntion ; the latter effect is [irodueod indeed even 
when the proportion of phosphorus in the sulphur does not oxc(3ed 1 per cent. Tlio 
phosphorised sulphur also shines in the dark when heated to 100^. lly digesting it 
with nitric acid, the phosphorus contaiued in it is easily converted into phosphoric 
acid, which may then bo precipitated as above. (Lipowitz, Pogg. Ann. xc. 600; 
Jahresb. 1853, p. 611.) 

Basart (Corapt. rend, xliii. 1126; Jahresb. 1856, p. 724) employs for the detec* 
tion of small quantities of phasphorms, the production of phosphoretted hydrogen which 
takes place when the substance containing the phosphorus is exposed to the action of 

nascent hydrogen, Tho substanco is introduced into a generating vessel containing zinc 

and dilute sulphuric acid, and fitted up like Marsh's apparatus for the detection of 
arsenic (i. 362). If phosphorus is present, the evolved gas will contain phosphoretted 
hydrogen and will burn with an emerald-green flame. The green colour disappears how- 
ever as soon as the end of the tube becomes hot; but on holding a piece of porcelain m 
the flame, the green colour again becomes visible where the flame is in contact wi 
the cold surface. If the end of the tube be curved and made to dip under mercurj, 
with only the very extremity projecting above the surfitce, so as to keep it constan y 
cool, the gas will give a continuous emerald-green flame, surrounded by an outer pale d uo 
envelope. Blondlot (Compt. rend. Hi. 1197; Jahresb. 1861, p. 821) recommence 
the use of a fine platinum jet, in order to avoid the yellow colouring of the jg 

duced by the sodium in glass. As commercial zinc often contains phosphorus, ana i 
therefore necessary to use pure distilled zinc which yields but a slow stream of gas, 
collects the gas, before igniting it, in an apparatus somewhat like a 
tinum-lamp. Tlie green colouring of the flame is more or less interfered ^ 

presence of organic matters, namely, alcohol, ether, volatile oils and of 

substances. In such cases the gas may be passed tlirough a dilute soluti 
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jjypr-nitrato, and the resulting precipitate treated in another hydrogen apparatus as 
j,(,ve. By this means also the presence of phosphorus may ho detected after gradual 
uxitlntion, and when it no longer exhibits luminosity in Mitseli(‘rlich’s a])paratas. 

(rreflcnius and Neubauer (Analyt. Zeitsehr. p. 33G) object to the preceding 
nrocoss, that the largo quantity of zinc-salt produced in the liquid interferes with the 
subsequent examination for metallic poisons ; they therefore prefer driving out the 
phosphorus liy a stream of carbonic anhydride.^ h^or this purpose tlieilask containing 
tbo suspected substance and the dilute sulphuric acid is connected witli an apparatus 
for generating carbonic anhydride, and is also provided with a delivery-tube connected 
with a U"tube containing a neutral solution ot nitrate of silver. The whole apparatus is 
first filled with carbonic anhydride, tho flask then heated to 60° or 70'^ for seTcral hours, 
(lie stream of gas being kept up all the time ; and the p>recipitatc formed in tho silver- 
solution is collected, carefully washed, and treated in a hydrogen apparatus as above. 

Scherer (Ann. Ch. Pbarin. cxii. 224) employs tor the detection of phosphorus a 
proc(!SS depending upon its volatility and its reaction with silver-solulion. A piece of 
Ihin filtering jiaper moistened with nitrate of silver, and suspended over a slightly warmed 
liquid containing free phosphoims, soon becomes blackened, the silver being reduced by 
the phosphorus. As however, the blackening might proceed from sulpbydvic acid evolved 
from the liquid, it is necessary in the first instance to suspend, in the flask containing 
tho acidulated liquid undc'r examination, a strip of papiT moistened with solution of 
iiitroprussiate of sodium or acetate of lead ; if no blueing of the paper takes place in 
the one case or blackening in the other it maybe inferred that the liquid does not give oft 
Milpliydric acid, and tho blackening of tho paper moistened with silver-solulion may then 
lie attributed to the presence of phosphorus. If a consitlerable quant ily of silvcr-phos- 
plildois formed, it may be oxidis<‘d by chlorine- w'ater, and the resulting solution tested 
for phosphoric acid with a magnesiuui-salt or with molybdate of ammonium. It is 
necessary, however, to make Ji comparative expM^riment with unequal portion of the clean 
paper, as phosphoric acid may be already present in it. F resenius and N eubauer 
{liK'.clt.) observe also that the blackening of the papermay arise from certain acids gene- 
iMted in the process of putrefaction, and M'ould therefore in some cases give uncertain 
indications. 

Fop the more certain detection of phosphorus in all cases in wliicli it is not already 
whoily converted into phosphoric acid, Fresenius and Neubauer recommend 
the following aeries of operations:- 1. It must be a.scertaiiied wdiethcv the substanco 
sliliif's in the dark when agitated. A small portion is then to be testt'd liy Scherer’s 
im tliod with strips of paper moistened, the one with silver- the otluTwith lead-solution ; 
it only the former is blackoiu'd, pliosp)honis is most probably pu’csent. — 2. A portion of 
the suspected substance is treated by Mitscberlich's process (p. r)2()). If no phospho- 
nseence is observed in the tube, and no free phosphorus collect.s in tlie distillate, the 
luit('ris to bo tested in tbo hydrogen apparatus (p. 620). — 3. If these experiments 
fzlvcoiily negative results, tlic substance is to bo boated in a stream of crjirbonic anhydride, 
passed through silvejr-solut.ion above d<*seribod, and the result ing precipitate, if any, 
trented in the hydrogen jq)paratns. — 4. Tlie quantity of phosphorus present may bo de- 
tt'iniincd in another portion of the substance by Mitsclierlich’s process as modified by 
h'l licror (p. 620). The flask which serves as a receiver is to be eoiinected air-tight, on 
the one side with tlie condensing-tube which dips into the water in the receiver, on tho 
other side with a U-tube containing neutral silver-solution ; the distillation is kept up 
f'T 2^ hours. If any globules of phosphorus collect in the receiver, they may be col- 
1- rted and weighed. The liquid distillate is then to be mixed witJi the contents of the 
1 f)xidised with chlorine-water, and the resulting phosphoric acid determined in 
file usual way. -^6. Phosphorised substances wdiich have been exposed to tho air for 
S ’lMc time may still contain part of the phosphorus in the form of phosphorous acid, 
ill this case the residues, whieli in the preceding experiments liave given only negative 
are to be treated as above described in the bydi*ogen apparatus, the evolution 
<>fhydrog<'n being kept up for several hours, while the apparatus is warmed in the 
^ittci’diath, the evolved gas passed tlirough a U-tubc containing silver-solution, and 
Ihc precipitate examined for phosphorus as above. 

Atomic Weight of Aor wj?.— -T he atomic w'eigbt of this element wm 

correctly determined by Porzeli ns in 1816 (Schw. J. vii. 43\ By decomposing tn- 
chlonde of gold with plidsphoriis, he found in one experiment that 0*829 grm. 
pnosphorus threw down 8*714 grm. gold, and in anotlier 0*764 grm. piosphonis 
|hrewdown 7*93 grm. gold : hence from the equation 5AuCP + P* = 3PC1 + Au , 
hiking the atomic weight of gold at 196, the mean of the two experiments gives : 

p __ 1*«583 X 196 5 _ 31-01. 

“ 16*644' X 3 

A himikr experiment with nitrate of silver gave P 31 34. 
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Pelouze, in 1847 (Compt. rend. xx. 1047), by decomposing an acid solution 
flilver-nitrate with trichloride of phosphorus, obtained a higher number, viz. 32- 
the result first obtained by Berzelius has been fully confirmed by the more recent’ 
very careful experiments of Schrdtterin 18d3 (Ann. Ch. Tharm. Jxxx. 202) anrfl 
pumas in 1860 cxiii. 28). ’ ^ 

Schr otter burnt weighed quantities of amorphous phosphorus in a stream of d 
oxygen, the apparatus being so arranged that no phosphoric anhydride could Vh' losf 
In ten experiments thus made, 100 pts. pho.sphorus yielded from 220'30 to 228-78 u 
pliosphoric anhydride, — mean 228-92 i whence the proportion P'^ : P^ + 

100: 228-92 gives P = 31-03. — Pu mas, by decomposing very pure trichloride of 
phosphorus witJi a standard solution of silver-nitrate (2PCP + 3Ag*0 s= p^Qs ^ 
CAgCl), obtained in five experiihents th<» following results 


1*787 grm. PCI* required 

4-208 silver : therefore P 

= 31-01 

1-466 

3-464 

31*00 

2-056 „ 

4-844 

31-00 

2-926 

6-800 

31-04 

3-220 

7-682 

31-09 


From all thcjse results, the number 31 is now universally adopted as the atomic 
weight of phosphorus. 

PHOSPHORUS, rXiUORXRS OP. PF®. A very volatile compound first 
obtained l)y Davy, and further examined by Duin.-is. It is prepared by distilling/ 
fluoride of lead or mercury with plio.sphoriis, a plio«phide of the metal then femaiiiiiir^ 
while fluoride of phosphorus distils over. It is a colourless inflammable liquid, wliii-li 
fumes strongly in tlie air, and is said to yield by combuHtion, |)hospliorie anhydride smd 
fluorine. Water converts it into phosphorous and hy<lroflu(^ric acids. 

PHOSPHORUS, HYRRikTS OP f The whib; crust whicii forms on the sur- 
face of phosphorus immersed in water, is said by Peloiize to be a hydrate, P*.IT-0 ; but 
it appears rather to be an allotropic modification of phosphorus (p. 603). 

PHOSPHORUS, HYHRZRSS OP. (8cc Hydrogen, Phosfiiidt.s OF, iii, IPO.) 

PHOSPHORUS, XOSZUES OP. Two of these compounds are known — ruimeJy, 
the tri-iodide, analogous to the triclilorido and tri bromide ; and llie di-iodide, of which 
there is no cldorine or bromine represcnlative. The di-and tri-iodide are pn-paml by 
di.'i'solviiig phosphorus and iodine togetlier in sulphide of carbon, and cooling tlie liquid 
artificially till crystals are depo.sited. Wliatcver proportions of iodine and phosplieni.s 
may bo used, th<*se two compounds always crystallise out, mixed with excess cithc-r of 
iodine or of phosphorus. 

The di- iodide, PI'^, melts at 110®, forming a red liquid, which condenses to a lij'lit 
red solid. It is soluble in sulphide of carbon, and is dej)osited therefrom in tiiiHontd 
prismatic orange-coloured crystals. It is decomposed by water into liydi-ioclic and 
pliosphorous acids, with a deposit of yellow flake.s. With gfi/ctrin it yields tritykiie- 
gas, a distillate of water, and iodo-trity lone (iodide of allyl), and a residue of oxygen- 
acids of phosphorus together with free iodine, undecornpose<l glycerin, and a trace of 
red phoaphoj’us. Tlie principal part of the reaction appt^ars to take place thus: 

+ PP - CTPI -r PH^O* + I. 

Glycerin. Iodide of Plio pi:o- 

ally). rous acid. 

This iodide appears also to be formed on dissohnng a small quantity of iodine in 
melted phosphorus and heating the mixture to about 126®, and to be subsequently de- 
composed, yielding amorphous phosphorus (p. 604). When phosphorus is melted lu 
a flask filled with carbonic anhydride, iodine projected through an upright tube reaching 
nearly to the phosphorus, and a gentle heat applied, violent action takes pla<;« 
attended with development of intense heat. The product is a very hard semi-metallic 
black mass of amorphous phosphorus, yielding a red powder. The first stage of t le 
reaction is the formation of an iodide of phosphorus, probably the di-iodide, in wliic 
the pho.sphorus exists in the amorphous modification. This compound is then decom- 
posed, with separation of amorphous phosphorus and formation of a more 7° 
iodine-product, which reacts upon a second portion of phosphorus, reproducing 
first decomposible iodide, and so on continually. In this manner a small quantity o 
iodine can convert an almost indefinitely large quantity of phosphorus into the anao - 
phous modification. (Brodie, Chem. Soc. J. v. 289.) 

Tri-iodide of Phosphorus or Phosphorous Iodide^ PI*, melte 
crystallises in well-defined prisms on cooling. It is very soluble in sulphide of ’ 
and is deposited therefrom in dark-red hexagonal plates. It absorbs moisture 
the atmosphere, forming hydriodic and phosphorous acids. 
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Vfiita-iodld*^- Gay-Lussac, by heating 1 pt. of phosphorus with 20 to 24 pts. of 

lin, obtained a black substance which melted at 40°, and was said to be decomposed 
;« irer into hydrochloric, and phosphoric acids. This decomposition, and the pro- 
' ti‘)ns of iodine and phosphorus used in the preparation, would indicate that the 
'jnpouiid is a penta-iodide, but it rcfiuires re-examination. {BrredM Lehrbuch.) 
pHQgpXZOiRIXS* ®rXXRXI>I3 OX** The compound obtained by saturating tri- 
iludile of phosphorus witii ammonia-gas and heating the product in a current of 
.rbonie aiiliydride (IT. Kos e), or by passing the vapour of trichloride or pentacliloride 
phosphorus over heated sal-arnmoniae (Wdhler and Liebig), was originally 
n,Mo.sed to be a di-nitride of phospliorns, PN*; but, according to Gerliardt, tlio 
•,(liict obtained by either of these processes contains hydrogen, and consists of phos- 
b.m, PHN-^ (p. 497). 

PHOSPKOX&17S, OXZD&S AITS OXYaBW-ACZOS OF. Three anhy- 
■oils oxides of phosphorus are known, namely — 

Subuxide of Phosphorus P'O 

Trioxide of Phosphorus, Phosphorous Oxide, or Anhydride . P*0» = ^»|o* 

r( lit oxide of Phosphorus, Phosphoric Oxide, or Anhydride . P*0® =» 


lu! second and tliird of the.se oxides, which are analogous in composition to tlio 
iloridcs and bromides, unite with water, forming phosphorous acid, P-0‘.;iH'^O 
•I’Jl'O* and phosphoric acid, P‘*O\3H“0 or PJPO*. There is also another acid 
f pliotiphoriis, viz. hy pophosp horous acid, PH^O'-, to wliich thf re is no corre- 
M»iKliiit> anhydride. The protoxicle of phosphine, PlPO, is not known ; but it is 
•j.ri S( ated by the compounds PCl^O and P(C‘‘JT®’)’0. 

The three acids just mentioned all contain 3 atoms of hydrogen, haWng in fact 
j,‘ composition of oxides of phosphine, PIT*; nevertheles.s tln^y have not the 
lino basicity, phosphoric acid alone being properly triliasic, that is, capable of 
tclianging all its three hydrogen-atoms for an equivah'nt quantity of metal, whereas 
luKsphoroas acid is dibasic, and hypopliosphorous acid monobasic; thus: 


lypopliosphorous acid 
lio.yphorous acid 
hosplioric acid 


PH’O* = IT.PH=0* 
PH»0» = IP PIIO* 
PTPO^ =* IP.PO*. 


Thoro arc also certain acids resulting from the dehydration of pho.spdiorie acid viz., 
yrophosphoric acid, H-'PW = 2IPP(P - metaphosphoric acid, 

IPO* 1I*P0‘ — 211*0, and several polymeric modifications of the latter, which will 


0 noticed hereafter. . -i 

The relations of hypophosphorous, phosphorous, and phosphoric acids to one auotlier 
ikI to phusphonated hydrogen or phosphine are remipkable. Ilyiiophosphorous acid, 
PPO'^, has not been obtained directly from phosphine ; but, on the other hand, it 
kills plio.sphine by deoxidation, as for example w'hen zinc is ilissolved in the aqueous 
(ill, ('itlicr alone or mixed with sulphuric acid. The solution ot hypophosphorous acid 
dn n exposed to the air is gradually converted into phosphorous acid, and finally into 
hosplioric acid. When heated by itself, hypophosphorous acid is resolved into 
'hosplioric acid and phosphine : 2ll*PO* — H“P(>* + H*P. 

Plujsphorous acid results from the slow oxidation of phosphine. Conversely, when 
'ho.sphorous acid is acted upon by zinc, or zinc and sulphuric acid, it is deoxi is t> 
'ho.s|)hijio. Phosphorous acid, w'hen exposed to the air, tjik(‘s up oxygen, ana is con- 
>rted into phosphoric acid. When heated by itself, it breaks up into phosphoric acid 
in'lpho.^phiiie: 4H»PO* = SIPPO^ -f- H*P. ' . . . . 

Phosplioric acid, IT*PO^ results from the combustion of phosphine in air or oxygen , 
‘hso from the decomposition by heat and direct oxidation of hypophosp lorous a i 
^licsphorous acids. It is much more stable than either of the other wo • » 

•k" til, ,u, may be made to yield phosphine by deoxidation, namely when treated with 
1 . 1,1111 or sodium. . • 

Suboxide of Fbospborus. P^O. When phosphorus is burnt in air or oxygen, 

^ solid orange-coloured matter is left behind, w'hich slowly 

’^lorous acid. A similar substance is formed in larger dried by 

>1 oxygon-gas through phosphorus melted under hot water. This j ^ sulnhid© of 
’cesaure between filter-paper and freed from phosphorus by treatm , - of 
■^bon, leaves a dark-red"^ residue which has been deBcribod as a definite 
'bosphorus, but is now generally regarded as amorphous pho. p ./. 7 \ *:ppdth'it 
a litti; phosphoric add. L e verrier (Ann. Ch. Pharm. 

"ben small pieces of phosphorus covered by a layer of J At 

■^Po«ed to the air, a peculiar yellow substance, soluble in water, was produced. 
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an increas»ed temperittiiro the solution decomposed into phosphoric acid, and a fl 
lent substance, which, when dried in a vacuum over oil of vitriol, left a canurv.”?'’ 
powder, the composition of which was represented by the formula P<0. It eo?n ^ 
preserved for any lenejth of time in dry air. When heated it acquired a briirl t • *1 
colour, but was luiailectcd in composition by a temperature of 300'^ • when * * ‘ i 
strongly heated it took fire, Gmtlhi's Handhoole, i\. 1X0.) * I 

Bypopliosplioroua .a^cld Salta. 

Hypophosphokous Acid, 11*P0*, is obtained by decomposing the barimn-s,u 
with an equivalent quantity of sulphuric acid, or the h'ad-salt with sulphydric aiii'i 
and evaporating the filtrate : ’ 

+ Ba'SO* 

Pb'T^H^O* + II^S =» 2HTO* + Ba"S 

It is a viscid uncrystallisable liquid, having a strong acid reaction. When heated it 
is resolved into' phosphoric acid and phosphine : 2ll^PO^ — HTO* + Ipp. p, 
aqueous solution is a colourless mobile liquid, which when exposed to the air 
oxidised to phosphorous and phosphoric acids. It reduces the salts of silver and f/n/ / 
with precipitation of the respctttive metals. It also reduces solution of mercuric chiornit 
with precipitation of calomel or of inetallic mercury, according to the proportion of acid 
used and the temperature at which the reaction takes place. By zinc and snlplnuio 
acid it is deoxidised to phosphine, PTl*, which is given otf as gas. Heated with sol u- 
tion of cupric sulphate to — 60°, it forms a precipitate of cuprous hydride, Cud 

(Wiirtz: see Coppim, ii. 6G). This reaction distinguislu's hy pophospliorous from 
phosphorous acid, which it otherwise much resembles. 

Bypopliosptiites. — MPH*0*, or lyPT'-'ll^O*, according to the atomicity of the 
metal. These salts arc prepared: 1. By neutralising the acid wu'th bases. — 2. by 
boiling phosphorus in alkaline solutions ; thus wdth lime or baryta-water : 

SCa'lI'^O* + P« + 611*0 « 3CaTIH’*0* -j- 2PTT». 

The liypophosphite of calcium or barium may be crystallised out l)y cautious eviipura- 
tion. When pliosphorus is Ixuled with an aqueous solution of potassic liydrate a 
similar reaction takes place, but nunrh pliospbatc of potassium is likewise formed; kucIi 
is not the ca.so, however, wlien an alcoholic .solution of 2 :>otash is eruialoyed. ITyinj- 
phosphites arc also formed, togdher with pliospliino, T)y the rietion of water on tlm 
iiiqiure [diosphides of barium, calcium, and strontium, obtained by healing pliosphorus 
with the anhydrous earths (i. 607, 719). The reaction app(‘ars to be much the s.imu 
a.s when a mixture of lime, &c, and jdio.sphorus is acted upon by wat< P. — 3. By donUe 
decomposition: the magncsiuin-salt, for example, is pre^xired by boiling liyqxiphospliittJ 
of calcium wit h oxalate of iinignesiuiii. 

The hy 2 )opho.sphites are crystallisable salts soluble in water, and many of tli<m 
also in alcohol. 8oiiie contain water of crystallisation. Wlicn dry t hey are pcrniHuint 
in the air ; but their solutions are gradually oxidised on exposure, especially nt. th*^ 
boiling heat. When boiled in alkaline liquids, they are decomposed into phosjdiate 
and hydrogen : e, g . — 

KPIPO* + 2KIIO - K>PO* + JJ\ 

The dry salts decompose when heated, giving oif phosphoretted hydrogen (hence they 
are very intlamnuiblc^), and leaving a residue of pyrophosphate: e. g. — 

2I3a'T*IItO« = 2PH9 + H*0 + Ba*P®0’. 

The hypophosphites, like the aqueous acid, act as powerful reducing agents, e^pc' 
cially with aid of heat. With nitrate of silver they form a white precipitate, whai 
quickly turns brown and is converted info metallic silver. 

Quantitative Analysis of Hypophosphites. — The Quantity of phosphorus in a hypo- 
phosphite may be determin€>d by converting it into a phosphate by oxidation ^ 
nitric acid; the oxidation is not, however, complete till the solution has been 
down nearly to a syrup, and has attained a high temperature. The calcined res>» 
consists of a metaphosphate, MPO* or M"P*0®, from the weight of which, if 
base is present, the amount of pho.sphoruB (or the equivalent quantity of 
phorous acid, H“PO*, if required) may at once be calculated. If more 
present, the residual salt must be analysed, by the methods hereafter to be desenne 
phosphates, and the quantity of phosphorus therein determined. 

If a hypophosphite contains water of crystallisation, its amount must be 
b;^ comparing the original weight of the hypophosphite with that which corresp ^ 
with the weight of metaphospliate actually obtained ; or the metapliosphate m y 
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ilyBcd, he quantities of add and base in the hyiK)phosphi(e tbenoo dctemined, and 
, iater estimated by diffcreiipo. » 

all hvDOphosphites are soluble in water, the bases nmv bo ■nwintrii fuf 


Iiiiriu tvv wa. ... .....w niju uuutraie o 

jlinsphoric acid precipitated as amnionio-maRiiesian phospliate. 

The quiintity of phosphorus in an aqueous solution of hypophosphorous acid eon- 
^iniii{f 110 fixed base, and no other acid except nitric acid, is easily determined by 
,^ing to the solution a known wt*ight of recently calcined oxide of lead, then adding 
Ijfric acid, evaporating to dryness, and caleining. The residue consists of a mix- 
ur,. of oxide and phosphate of lead, and on deducting the original weight of lead-oxide 
dJt'il, the dilferemee gives tlie weight of phosplioric anhydride in tln^ residue— whence 
be phosphorus may bo calcuhit ed. 

Lastly, hypophosphorous acid nniy be estimated by its reducing action on mercuric 
hloride, I at. of the acid precipitating 4 at. mercurous cliloride, according to the 
quation : 

IPPO* + 4lIg"C]* + 2H^0 = 4HgCl -h IPPO* + 4TTCI 


:hf« aqueous solution of the acid or of a hypophosphite is mixed with mercuric 
hloride in excess, and a small quantity of hy(lrochloric acid, and gcuitly heated, care 
taken not to lot the temporature rise above 60^, as in that ease a portion of the 
m'Mirv may be reduced to the metallic state. The precipitated calomel is washed on 
, filter, ilried at 100 \ and weighed. As tlie atomic weight of calomel is very oonsider- 
1.1-, and as 4 at. of it coriv'Spond to only 1 at. of hypopho-sphornns acid or of phos- 
:hi;nc:(4 x. 23o-r> or 942 pt.s. TlgOl, to 66 pts. IITO^or 31 pts. P.), tluulctcrniimitioii 
[lay he made with gri'at exactness. 

Ill the solution filtered from the precipitate of calomel, the bases may be determined 
)ytlie ordinary methods, and the phosphoric aiud produced by the oxidation may 
]>o be preci[)itatrd and estimated, as a verification of the preceding result. 

The tireci])itation of gold from the trichloride by liypophospborous acid cannot be 
mphyeilfor Hit; estimation of the acid, as the reduction is lUivcr complete. 

Ili/pophosphite of Aluminiv in.— A solution of alumina in the cold aqueoii.s 
eid, evaporated under the air-pump, leavc.s a thick gum, wliich gradually dries up to a 
hilling, gummy, brittle mass, not altered by (‘xposurc to the air. 

IJypophoaphitc of A mmoninin, obtained by precipitating the 

larium-salt with sulphate of ammoiiinm, evaporating the filtrafe 1o dryness, and 
■xliaiisling with alcohol, crystallises in large six-sided deliquo-sccnt plates, melting at 
!0fP and decomposing at 240°. 

lljipophosphite of Barium, Ea"P*H*OhTPO. — Prepared: 1. By warming (not 
wiling) pho.sphorus with excess of baryta-water (p. 524), precipitating the excess of 
wryla with carbonic acid, and evaporating the filtrate to tho crystallising-point. — 
1. Instead of baryta-watiT, the ordinary yellow solution of barium-sulphide may be 
iscd. Tliis when heated with phosphorus, giA’cs off phosphoretted, sulphuretted, and 
'"re hydrogen gases, and forms a solution of hypopho.sphite and siilphydrato of barium. 
1 ho latter may be decomposed by carbonate of lead, and the filtered solution, con- 
ainirig only hypophosphite of barium, crystallised by evaporation as before. - 3. Tim 
*iilt niiiyalso lai prepared by dissolving phosphide of barium (i. 607) in water. 

hypopliospliite of barium crystallises on cooling from a hot saturated solution, or 
nieii its aqueous solution is mixed with alcohol till it begins to show turbidity, usually 
n nacreous flexible noodles containing 1 at. water of crystallisation, which they give 
>nat 100°. They are permanent in the air, soluble in 3 pis. boiling and 3-5 pts. cold 
*'"hT, insoluble in alcohol. 

The anhydrous salt, Ba'T-irO ', remains behind when the hydrated .salt is heated to 
, and separates directly from a solution evaporated in vacuo over oil of vitriol ; al.so 
*n<*n tin* solution mixed with excess of hypophospliorous acid is evaporated by heat. 

crystallises in shining square plates unalterable at 100°, but decomposed at a strong 
ipat. The aqueous .solution of the salt heated with caustic potash quickly gives off 
O^lrogen and deposits phosphite of barium. 

^hypophosphite of Cadmium separates from the solution of cadraic carbonate 
" the cold aqueous acid, by evaporation under the air-pump, in small indistinct 

,fyvophosphite of Calcium. Ca^P^HW— Prepared by boiling phosphorus 
.]} ®*ces8 of lime-water, removing the water as it evaporates, and purified like the 
Urn-gait j also by dissolving phosphide of calcium in water (p. 524). It form.s 
^‘ouriegg transparent crystals, which, according to H. Rose, are rectang^ilar prisms 
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with two broad, smooth, nacreous faces, while the other faces are glassy and 
According to Wurtz, the salt crystallises in oblique six-sided prisms. It ha^ 
taste, is permanent in the air, dissolves in 6 pts. of cold and in a not much 
quantity of hot water, is insoluble in strong and but slightly soluble in wc ik ' 
The crystals do not give off anything at 300° but decompose at a hmhL 
ture. ® 

Hypop?iosphite of Chromium^ 2Cr'"H*P*OV 711*0, or (Cr*O'^)''Il2.p»jX''0» qrY 
is obtained by decomposing the barium-salt with chromic sulphate and evinoiJ t' 
the filtrate, as a dark-green, amorphous, fissured mass, which gives off water It 9 !? 
and is then insoluble in water and in dilute acids. ^ ^ 

HypophosphiiWof Cohalt, Co"P*H*0'.6H*0, is prepared by disaolvincr 
precipitated cobaltous hydrate in the aqueous acid, or by decomposing the bnriun . 
with cobaltous sulphate, and crystallises by evaporation in red efflorescent ocl a hcdr*' 
which give off their 6 at. water of crystallisation at 100°, and are easily seJubl 
water. ^ ^ ' 

When a solution of hypophosphite of calcium is heated with oxalate of cohalt 
complete decomposition takes place even after a considerable time, and the cobalt-hvDr 
phosphite obtained on evaporating the filtrate is said to contain only 3 at. water an 
to be less efflorescent tlian the preceding salt. ’ 

Hypophosphite of Copper, Cu'P*IPO\ — Prepared like the cobalt-salt. Tii 
blue solution uhen very dilute undergoes scarcely any decomposition, even vhci 
heated ; when somewhat stronger, it decom|)Oses quickly even at G()°, dcjxjsitiiigcuprijn 
hydride, CuH (Wurtz). When evaporated in a vacuum, it sometimes yields the salt ii 
blue crystals. (Wurtz.) 

Hypophosphite of Glucinum. — The solution evaporated in a vacunin ov-r oi 
of vitriol leaves a thick gum, which dries up to a mass having a vitreous fi-actuiv. 

Hypophosphites of Iron. — Die ferrous salt, Fe*P‘-'H^O\GH®0, is formnl, witi 
evolution of hydrogen, when metallic iron is dissolved in the aqueous acid.’ Tin 
solution evaporated in a vacuum over oil of vitriol deposits the salt in larj^o grid 
octahedrons, which give off their 6 at. water at 100° When moist it oxidiNOd vor) 
quickly on exposure to the air. 

The ferric salt is formed b 3 " dissohdng ferric h^^drate in the cold aqueous neid, mi; 
separates in the form of a wliito salt, sparingly soluble in the free acid. F rrii^ hy- 
drate heated with hypophosphorous acid yields ferric phosphate and f *itous liypoplios 
phite. 

Hypophosphite of Lead, Pb"P*IPO‘, is most easily prepared b}' digesting tin 
aqueous acid with carbonate of lead ; if oxide of lead is used, the acid takes np an ox 
cess of it, forming an alkaline solution which decomposes when evaporated, depositini: 
phosphate of load and metallic lead. This decomposition may, liowever, be pivvont< i 
by adding a slight excess of acid; and the solution, if then evaporated, deposits tlic sail 
in small rhombic prisms often united into plates. It is very slightly soluble in colit. 
more easily in hot water, forming a slightly acid solution from whieli it is precipitatui 
by alcohol in nacreous scales. It is permanent at 100°, but decomposes at a strougf i 
heat. 

The solution of this salt easily takes up an additional quantity of leud-oxido, acquir- 
ing an alkaline reaction ; it then decomposes on standing and more quickly if hcufod 
depositing phosphite of lead as a sandy j>owder. The same deconq^osition is indiicef 
by addition of basic acetate of lead. 

The aqueous solution of the neutral salt mixed with a little ammonia deposits a snial 
quantity of lead-hydrate ; and the filtrate, which perhaps contains a double salt, yielfb 
on boiling a flocculent precipitate of a basic salt, said to contain Pb"P*H^0*.6Pb"0.6H*C 
or Pb''P®ITO*.6Pb"H*0®.H®0. (H. Rose.) 

Hypophosphite of Magnesium, Mg''P®IP0^.6ll*0. — Prepared by double de 
composition ; crystallises in large, regular, hard, efflorescent octahedrons, -easily solublf 
in water. It gives off 6 at. water at 100°, and the sixth at 180°. 

Hypophosphite of Manganese, Mn'T*IPO*.H*0, prepared in like manner 
crystallises with difficulty in rose-red scalenohedrons, permanent in the air, giving on 
their water at 100°, 

Hypophosphite of Nickel, Ni'T‘H^0^6H®0. — Prepared like the cobalt-salt: 
ciTstallises in green cubes or octahedrons, which give off’ their 6 at. water at 101 . 
When the moist crystals are heated to 120°, or the solution to 100°, parrial dccompo* 
Bition takes place, with evolution of hydrogen and precipitation of metallic nickel. 

Hypophosphite of Potassium, KPH®0*. — Prepared: 1. By boiling 
or alcoholic potash with pliosphorus as long as phosphoretted hydrogen continues 
escape, then decanting the solution from the undissolyed phosphorus, and mixing 1 
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^th acid caAonate of potassium, in order to convert the remaining caustic potash into 
carbonate, solution is then eva^rated and the residue treated a-ith hot strong 

alcohol, which dissolves the hyphosp^te and leaves the carbonate, the former crystal! 
lising out as the solution cools. 2. By decomposing the barium-salt with sulphate of 
patassium, or the cidcium-aalt with carbonate of potassium; purified us above bv treat- 
jaant with hot alcohol. •' 

Hyixiphosphite of potassium usually forms an opaque indistinctly crystalline mass 
wmetimes however exhibiting six-sided plates. It is very deliquescent, more so than 
chloride of calcium, easily soluble in water and in weak spirit, less soluble in absolute 
alcohol, insoluble in other. It does not lose weight or undergo any alteration at 100''. 

Hgpophosphite of 5i7«cr.— Nitrate of silver added to the solution of hyponlios' 
phite forms a white precipitate, which however quickly blackens from rcductioi. of the 
metal. 

Jhfpophosphife of Sodium, preparod like the potassium-suit, crystallises m 
naereous rectangular tables, somewhat less deliquescent than the potassium-salt easily 
soIuIjIp in water and in alcohol. » ' ‘ / 

Hyp ophosphite of Siront i n m. Prepared 1 ike the barium-salt with 

hydrate or sulphide of strontium. The solution when evaporated yields the salt in warty 
crystals, which are easily soluble in water, insoluble in alcohol, permanent in the air 
ind do not lose weight at lOO*^. ' 

flypophosphita of Zinc. Zii"P-'irOMI*0, or with CH’O.— Obtained by dissolving 
iincor zinc-oxidc in the aqueous acid, or bv decomposing the barium-salt with zinc- 
,iilp!iat(‘. By evaporating the solution it is obtained, sometimes in regular octahedrons 
oiiraiiiing 0 at. water, very efflorescent, and lo.'-ing water evtui when pressed bi tween 
:i;ip( r, sometimes in rhombohedral crystals eontMining 1 at. wat er, whieliare permanent 
11 the uir. The octahedral salt is mostly formed by spontaneous evajioration of a nrit 
00 c’onceiitrated solution ; it gives off its 6 at. water at 100°. The salt is easily soluble 
ji Wilier. 


Pliospliorous Oxide, Aold, and Salts. 


Trioxide of Phosphorus, Phosphorous Oxide or Anhydride, 

—The only reaction which yield.s this compound is the slow combn.sti(jn of phospliorns 
u dry air or oxygen. When pho.sphorus is exposed at ordinary temperatures to dry 
lir or rarefied oxygen, it glows and becomes coated with trioxido; but the renetion is 
rory iinperfoct. The ordinary combustion of phosphorus in air produces both pho.s- 
phorus and phosphoric oxides, together with some .suboxide, or perhajis amorphous 
pliospliorus (p. 523). The be.st mode of jiroparing the trioxido is to burn phosphorus 
in a very slow current of perfectly dry air ; the trioxido then condenses beyond tire 
piiosphorus as a bulky amorphou.s sublimate. 

Phospliorous oxide forms large white flakes readily volatile, and omitting an alliaceous 
3(l()ur. AVhen quite dry it does not red<len lilmu.s-pupcr. It al)sorl>s atmospheric 
moisture with avidity, and when sprinkled with water dissolve.s rapidly 'with a hi.ssing 
wise, producing phosphorous acid, + Sn^'O = 2ir*PO®. 

PiiosvHoaous Acid, IPPO’ = P"yO*. — T his acid is produced : 1. By the action 

H*) 


3f water on the anhydride. — 2. By the slow oxidi.sation of pho.sphine, this gas when left 
3ver well-aerated w'jiter being gradually absorbed, with formation of pho.sphormis acid; 
i;rain 2 volumes of phosphine unite quietly with 3 volumes ofoxygim, wlicn tJie explosion 
if the gases is prevented by cooling. -3. By exposing sticks of pho.sphorus to moist air, 
ph().splioric acid being produced at the same time. (See .PiiosniA'i ic Arm), p. 499.) 

4. By the action of phoaphorns on .sulphate of copjjer. When pho.spliorus is introduced 
‘i^to a solution of this salt (kept saturated by the immersion of crystals), and left to 
wt at tho ordinary teinperaturo and with the least pos.sible acce.ss of air, cupper is first 
and then" converted into black phosphide of copper, and a very acid .solution is 
“hinuitfily obtained, containing nothing but phospboroius and sulphuric acids, the 
whieb may be. removed by cautious addition of lime or baryta. (iSchiff, Ann. Ch, 
f^harm. cxiv. 200.) 

By the action of water on trichloride of phosphorus : 3lf“0 + PCI* *= H PO 
31101. A current of washed chlorine is slowly pa.ssed tliroiigh a layer of melted 
phosphorus three or four inches deep, covered by six or eight inches of water, so that 
bubble of gas may be completely absorbed by the phosphorus. The trichloride 
thereby produced is immediately decomposed by contact with the water. The hydro- 
^hloric acid produced in the reaction is expelled by evaporation. Great care must lie 
to avoid excess of chlorine, as that would give rise to the formation of phosphoric 
Held. 
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6. By the action of trichloride of phosphorus on oxalic acid : 1 at. of the triohlo, 
is poured upon 3 at crystallised oxalic acid, contained in a retort having its ik'v’- 
directed upwards or provided with a eondensing-tube, so that the trichloride wliil p 
volatilises may flow back again. Violent action immediately takes place, accorap;uii!,[ 
by evolution of carbonic anhydride, carbonic oxide, and hydrochlonc acid ; as soon s 
it is over, the retort is to be gently warmed while a stream of dry carbonic 
is passed through it. The mass, which froths at first, gradually settles down inio i 
clear liquid, which solidifies to a radiate mass of phospliorous acid having a slight *'rpv 
colour. (Hurtzig and Goutlier, Ann. Oh. Pliarm. cxi. 159.) ^ 

Properties and Reactions. — Phosphorous acid usually exists in the form of a i!,;,.). 
uncrystallisable syrup, but may bo obtained in the crystalline statt^ either by Mie 
cess last described, or by cooling a sonn'what concentrated aqueous soliition, n,,. 
crystals, which contain H*PO*, rnt'lt at 74*^. The acid in both sUites is delic^ui ..sf rut. 
When heated it is resolved into phosphoric acid and phosphine ; 4 TIM ’O'* 
3H‘PO^ + PH*; hence when heated in tlio air, it undergoes vivid (rouilnistlon. 
According to Hurtzig and 0 outlier, the ciystallino acid, when slowly lieatod, gives otF 
non-spontaneously inflammable phosphine, producing white fumes. 

The aqueous solution of phosphorous acid is a strongly acid liquid which oxidises to 
phosphoric acid on exposure to the air. It is a powerful reducing agent, decomposing 
the salts of silver, inercuri/, and (/old in tlie same manner as hypophosphorous acid ; 
the reducldon is much facilitated by saturating the acid with ammonia. When heated 
with sulphurous a<nd, it yields phosphoric and sulphydric acids : 

311*PO* + IPSO* = 3II*PO< + H^S. 

If the sulphurous acid is in exce.ss, the sulphydric acid is decomposed and .siiljihtn* 
separated. If the phosphorous acid contains any arsenic, that metal is entirely prci i- 
pitated as sulphide. Arsenic acid is reduced by phosphorous acid to arsenious acid, 
which, if the materials arc dry, is reduced, by fusion with excess of phosphorous acid, 
to a dark-brown powder of metallic arsenic. Aqueous phosphorous aciil dissolves zinn 
and iron with evolution of phosxihino ; it likewise gives oil’ tiiat gas when treat d 
with zinc and sulphuric acid. 

Pliosptiltes. Of the three hydrog<‘n -atoms contained in phosphorous acid, only 
two appear to be replaceable by metals, the acid being in fact dibasic, and foi-ming two 
series of metallic salts — viz., neutral ph^sphihs, lVPPIIO*,or M'THO *, and acid ph<>si>kiti.f, 
MIIPHO* or M'TPPHPO® « M'TII0*.Pir‘0*, according to the atomicity of the metitl. 
The third hydrogen-atom of pliosphorous acid is more easily rc'pUioeable by ah’oliol- 
radiclcs, producing alcoholic phosphorous acids (e.iy., ethyl-phosphorous acid, IP. PC-’llH)’*), 
still contuiniiig two atoms of typic hydrogen, which may bo replaced either by indiib 
or by alcohol-radicles.. In the lat ter case phosphites or phosphorous ethers are formed, 
containing 3 atoms of alcohol-radiclc (p. 633), whence the acid has by some clicmisfs 
been regarded as tribasic; but the view above given accords best with its relalions to 
metallic bases, and with the po.sition which it occupies between monobasic Jiypophos- 
phorous acid and tril)asic phosphoric acid (p. 623). Moreover, in the tri-alcoholic 
phosphites, P(C^H*)*0*, for examj)le, 2 atoms of the alcohol-radicle may be replaced by 
metals — for example by K* or Ba; but the third atom is not thus replaceable (p. 533). 

The metallic phosphites are obtained sometimes by acting on the acid with 
bases, sometimes by double decomposition. They are more stable than the hypophos- 
phites, but are all decomposed by heat. Those which contain water of crystallisutiou 
give off hydrogen and leave pyrophosphates : thus — 

2Ba"PH0».H*0 = + 2H*; 

but anhydrous neutral phosphites, which do not contain sufficient hydrogen and oxygen 
for this mode of decomposition, likewise give off phosphoretted hydrogen and leave n 
more basic phosphate: e.g. — 

6Pb"HPO» = Pb"0.2Pb*P*0» + PH* + H*. 

The neutral phosphites, excepting those of the alkali-metals, are but sparingly solu- 
ble in water, and tne lead-salt is almost insoluble ; the acid phosphites, liowever, are 
soluble. With the chlorides of barium and calcium^ solutions of the alkaline phosplutcs 
form white precipitates, soluble in acetic and in phosphorous acid — with acetate of /cat 
a white precipitate, insoluble in acetic acid. Solutions of phosphites, unless very con- 
centrated, do not precipitate the solution of a magnesium-salt in aqueous ammonia and 
sal-ammoniac. . , 

The solutions of phosphites undergo but little alteration when exposed to the mr a 
ordinaiy temperatures, jind are not decomposed by boiling -with caustic alkalis, " bey 
reduce solutions ot gold, silver, and mercury in the same manner as the aqueous 
The method to be adopted for the quantitative analysis of phosphites a 
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the same as those already dcscribwl for I he hypophoaphites (p. 624). Neutral 


2m;‘Hpo" 


0 “ 




H^O. 


Those phosphites which are insoluble or sparfnjrly solul.lo in water, may be dissolved 
in hydrochloric acid, and the bases precipitahnl from them by llie. usual reagents. 

phosphite of Alumintum,-^A saturated solution of alum mixed with a strong 
eolation of amraomum-phosphite forms a precipitate which disappears at first. becoimS 
pcriminent on further addition of animoiim, but does not separate ctani.leteiy till the 
liquid is boiled It forms a white powder when dry, and decomposes without incan- 
di‘st*<-nce when heated. 

Phosphite of Am.moniti.7n, (Nn')*PJIOMrO.— PUosphormis acid saturated with 
ammonia, and evaporated over sulphui-ic acid in rarefied air, yields this salt in largo 
tlplique.scent pri.sm.s, solublo in ‘2 pts. of cold and in a smaller quantity of boiling water 
111 vacuo, at ordinary temporature.s, the crystals givo oft’ a small quantity of ammonia,’ 
and turn acid; at 100° thc*y give oft* 1 at. water, also with a little ammonia; and at 
hi^dier temperatures a larger quantity of ammonia., leaving almost pure plio.sphorousaeid, 
which decomposes when more strongly heated. The aiiucoiis solution when evaporated 
by heat also gives otf ammonia and turn.s acid. 

Phosphites of Barium.~- T\\(^ neutral salt, Ba"PITO», is deposited after a few 
(lays from a solution of an alkaline pho.sphito mixed with cJiloride of barium, as a ciws- 
lalline crust containing ^ at. water (215a"Pir(P.n‘0). It is but sparingly .soluble in 
cuhl water, and i.s decomposed by boiling with water into an insoluble basic and a solu- 
M(? ricid salt. It is slightly efflorescent, and gives off its w.ilcr of crysfalIi.sation 
between 150° and 200°. 

llie acid salt, Ha II*P“H ()®.IT-0, is obtained by digesting I ho neutral salt with a 
quantity of pho.sphoroiis acid not quite suffl(?iont to dis.solve it, or by adding baryta or 
carbonate of barium to phosphorou.s acid as long a.s it continues to dissolve, and evapo- 
rating the filtrate to a syrup at a gentle Innit. On leaving this li(piid in vaeiio over oil 
ot vitriol, the acid salt is deposited in warty crystal.s. It is solul'h^ in water but 
iti.soliihle in alcohol. Tho aqiieou.s .solution decompo.si’s when boiled, tlie neutral salt 
separating, and a more acid salt, not yet examined, remaining in solut'ion. The salt 
givfhs oft' 1 at. water at 100°. 

Phosphite of Bismxtth, obtained by double decomposition, is a white prccqdtato 
which when ignited after drying give.s off pure hydrogen. 

Phosphite of Cad'mium. — White pr«‘cipitiite, wliicli gives off hydrogen when 
distilled, and leaves a residue containing a s-mall quantity of metallic caiimium. 

Phosphites of C alcium. — Tho neutral salt, separiito.s after a while 

from a solution of tho ammonium-salt mixed w’ith chloride of calcium, us a crystalliiio 
crust sparingly soluble in cold water. The solution decomposes when heated, depositing 

a basic salt (? tricalcic phosphite, Ca^P’^O®), while an acid salt remains dissolved. Tho 
m ufral salt gives off its wati*r at 100° 

The add salt, Ca'K’P^II^O® IT-'O, is obtained, by acting upon marblo with aqueous 
piosphorous acid, as long as carbonic anhydride continues to escape, as a crystalliiio 
crust made up of needle-shaped crystals. It is •soluble in water, and tlio solution 
Jinxed with alcohol deposits the neutral salt, while a very acid salt remains dissolved. 

A he crystals give off their water at 100°. 

Phosphit e of Chromium is precipitated on mixing chromic chloride with an 
« Kaliue phosphite, but does not separate completely till tho liquid is Jieated. When 
^ grey powder, which is decomposed by heat, with evolution of pure hy- 

phosphite of Cohalt is also obtained by precipitation, and separates completely 
1 bhe liquid is heated. In the dry state it is a pale-red powder, which when 
‘a e(i turns violet, then black, and afterwards decomposes with incandescence and 
evolution of hydrogen. 

of Copper, Cu"PHO®.2H*0. — Obtained in tho pure state, as a hhio 
^v^^|®*®*^’stalline precipitate, on mixing a solution of cupric acetate with aqueous 
acid ; less pure, as a bluish-white flocculent precipitate, by treating cupric 
jjj \ with an alkaline phosphite. It givcjs off water when gently heated, and at a 
evolves hydrogen, and leave 


loaves cupric phosphate mixed with metHllic 


-A- solution of cupric phosphite in aqueous phosphorous acid also decomposes 
heated, with separation of metallic copper. 


Ph 


^ephite of Qlucinum is a gummy precipitate, white and pulverulent when 

‘ M M 
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dry, insoluble in water, decomposing when heated, with incandescence and evolution f 
pure hydrogen. 

l^hosp kites of Iron. — Tho/mws salt is a white precipitate, which in the m ‘ 
state oxidises quickly in the air, turning first green and then brown. When heated^^t 
gives off pure hydrogen. 

Ferric salt. — Neutral ferric salts are completely precipitated by alkaline phosphit 
only after long standing or with the aid of lieat. The dried precipitate is white anl 
pulverulent ; it glows when heated, giving off hydrogen mixed with a little phosiiho 
retted hydrogen. ‘ 

Phosphites of Lead. — The neutral salt^ Ph'^PHO*, is obtained by precipitatin'y 
neutral acetate of lead with pliosphorous acid or phosphite of ammonium. It is a white 
precipitate nearly insoluble in water, and dissolving but sparingly in aqueous i)h(>s. 
phorous acid, much more easily in nitric acid, which does not oxidise it in tlie cold* it 
is easily oxidised, however, when heated with nitric or sul])huric acid. It does not give 
off any water at lOO*^, bnt decomposes at higher tem})eratures, with evolution of 
hydrogen and phospliorcttod liydrogen, and leaves a phosphate of lead (p. 528) mixed 
with a little phosphide. 

A compound of this salt with chloride of lead is precipitated on mixing a hnilino 
Boluvion of chloride of lead with pure phosphite of arnmoninm, or with tricldorido of 
phosphorus which hns been decomposed by water and then neutralised with ammonia 
By continued washing with boiling water Jiovvever, this double salt is <lecoinposci], the 
whole of the chloride of lend being removed, and puro phosphite remaining beluml. 

A basic 2 diosphU(- <f lead , 2(rb"0.Pb"I*H()-‘).lT-0. is tbrmeil on digesting the. recently 
precipitated neutral salt with ammonia in a llask, and afterwards wasliing it witJi 
alcohol (II. Hose). Anotlier basic salt, I*b"0.2Pb"P110“, is formed by preeipitatinf 
basic acetate of lead with phosphite of ammonium. “ 

Phosphite of Magnesin m is obtained by digesting the aqueous acid with basic 
carbonate of magnesium, and evaporating the filtrate under an exhatisb'd receiver, us a 
crystHllirio crust sparingly soluble in water. When heated it gives off water of 
crystallisation, and at a liigber temperature decompo.«es with vivid incandesceiice. 

Phosphite of mHgne.siuni forms a sparingly soluble double salt with phosphite of 
ammonium — much more soluble, how'cver, than the corresponding phosphate. 

Phosphite of Mangane se^ 2 Mn"PH0‘..n*0, obtained by adding an alkaline 
phosphite to the solution of a manganous .salt till none of t,he latter remains in excess, 
is a reddish-white precipitate which is not quite insoluble in watm*, gives off its wati r 
of crysi allisatiou in drying, and decomposes at a stronger luiat, with vivid incan- 
descence, and evolution of liydrogen and pliosphoretted hydrogen. 

Phosphites o f Potassium . — The neutral salt, K’-TIPO*, is obtained by satunitin^' 
the aqueous acid witli poto.sh, and evaporating under the air-pump, as a syrupy imiKs 
in which crystals form after some time only. It is deliquescent, easily soluble in 
water, in.soluble in alcohol. 

An acid phosphite of potassium, ~ K‘Pn0^2PH'*0’, is produced by 

exactly neutralising 1 pt. of aqueous phosphorous acid with liydraie or carbonate of p'> 
tasaiiim, then adding 2 pts. of the same acid, and evaporating in vacuo. The liquid then 
solidifies completely to a mass of laminar crystals, unctuous to the touch, having a 
strongly acid taste, and very soluble in water. The salt does not lose weight at 200'^, 
but decomposes at 250°, with evolution of hydrogen and pliosphoretted hydrogen. 

An acid potassiiim-salt analogous to the other acid phosphites has not yet bein 
obtained. A solution of the neutral salt mixed with as much phosphorous acid as it 
already contains, and evaporated in a vacuum, yields after some time a crystalline crust 
of the acid salt just described, the syrupy mother-liquor retaining nothing but neutral 
salt. 

Phosphites of Sodium . — The neutral salt, Na2PHO“.6H^O, is obtained by 
neutralising the aqueous acid with soda and evaporating in a vacuum, as a thick syrup, 
which after some Ji|&e.v;jsplidifies to a crystalline ma.s8. According to Duloiig, tho 
individual crystals w^J^liomhohedrons, approaching very nearly to cubes. They are 
easily soluble in and in alcohol, hygroscopic, and deliquesce quickly on exposure 

to the air, but ^or^ee in vacuo over oil of vitriol, and give off all their water of crys- 
tallisation at 100°; 

The add salt, 2Na*H'P‘0®.H®0, is analogous in composition to the acid potassiu|n- 
salt (excepting that it contains water of crystallisation), and is obtained in a sirnilar 
manner. The solution ciyrstallises completely by evaporation in vacuo, yielding shinin? 
pris^ very soluble in water, permanent in dry air, but quickly deliquescing in ® 
the ordinary degree of humidity. The salt gives off its water of crystallisation at 200 ^ 
aud^460Qin^ses at 250°, evolving a large quantity of phosphoretted hydrogen. 
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rkoi>TMe of Strontium 2Sr'PnOMfO, is prepared by snturatinc pi, os- 
phorous and rnth carbonate of strontium and evaporating. A solution of cliloridc of 
urn mixed with phosphite of ammonium yields a scanty proeipitato, which in- 
ercascs m, evaporating the. liquid. Phosphite of strontium is sparingl/soluble in water 
,„d,s decomposed by boihng with water into a soluble acid salt and an insoluble 
nacreou-s basic salt. The d^ salt is decomposed by heat, with evolution of hydrogen. 

Phosphaes of T%n.-lho siannou., salt, Sn'T’HtP, is pr..pared bv precipitating 
stannous chloride with aqueous phosphorous acid, and tlinroiighly wasld^- the nreeini 
„te with water. It is white, insoluble in waler, but solubbi in hydrochloric acid' 
foiTuing a solution which is an extremely powerful redneing a -ent The dry s ilt do 
r„ni|K.sfs mth intumescence when heated, giving off phosphoretted hydroeen and 
Icaviiif? ti bhick residue. J t> > 

The stannic salt is obtained by mixing aqueous stannic chloride with an alkaline 
pliiwpliite, aS a white precipitate which dri<» up to a vitri-ous brittle mass. When 
filrongly heated It gives off, not hydrogen but water, leaving a staiuioiis salt soluble in 
hviirochloiTc acid. 

Vhoaphite of Titanium.— \ solufion of titanic cbloride yields with pbospbite 
of Jinunonium a white precipitate, which when ignited gives off liydrcgoii and phospho- 
rt'tkid hydrogen, and leaves a black residue containing phosphoric and titiniic oxides. 

phosphite o f Zinc, 2Zn PTr0*.5H*0. — Alkaline phospliites precipitate sulphate 
of zinc imperfectly in the cold, completely when lieated. The wliile precipitate is 
fipariiigly soluble in water, gives oft* it.s water in drying, and wlieii more strongly 
lieat.ed gives off hydrogen, mixed towards the end with pliosphoreftod hydrogen. 

AlcoHollc Pliospliites. PhospliorouB Ethers. Pliospliorous acid, though 
flil.iisjc aotd, IS capable, as already observed, of forming etluTs in whieli 1, 2, or ;i 
iiluTiis of hydrogen ar<^ replaced by alcohol-radicles. If oiuMif the three hydrogeu- 
uloms he regarded as alcoholic (ii. 91;>), and the other two as liasylou.s, tliesc^ ethers may 
lie repre.sented by the following formulai, iii which K denotes ‘a monatomic alcohol 
i-iidiele : 


Mono-alcoholic phosphorous ethers I1*.PR0^ — 




()» 


IPj 

P ) 

Di-alcoholic phosphorous ethers RH.PRO* ~ I*"' 0» ' 

JlPj 
P ) 

Tri-alcoholio phosphorous ethers R^PPO* I>"' lo* 

IP) 

Tlios'O which contain 1 or 2 atoms of alcohol- radicle are acid ethers eapahle of forming 
nw'tiillic salts ; those which contain 3 atoms of alcohol -radicle are neutral. The acid 
jtlRTs arc produced by the action of trichloride of pliospliorus on the corrcBponding 
aylpated alcohols ; the neutral ethers by the action of trichloride of [dio.'^phoru.s on tlio 
f orre.spondl ng sod ium- alcohols. 

There might also be mono- and di-alcoholic phosphites, constituted according to the 
f^rnnilre HK.PHO" and P*.P1I0\ 

^ ^ P H o s p H I T E s.—A my Ip hos phorous acid, C Tl * =' IP. PC^II ' ' 0>. 

f \ urtz, Ann. Oh. Phys. [3] xvi, 227; Ann. Ch. Pharm. Iviii. 7i).) — This and tlie 
f'llawiiig compound are produced by the action «>f trichloride of pliospliorus on aniyhc 
•T '‘(mol. One vol, trichloride of phosphorus is slowly dropped into 1 rol. nmylic alcohol, 
‘'■'d a small quantity of water very slowly added, the vessel being well eooleil. After all 
K’ excess of chloride of phosphorus has been decomposed by tlie watom, the mixture is 
s aiken up with an equal volume of waiter ; the oily mixture of amylphosphorous acid 
ainylic amylphosphite, which rises to the surface on heaving the liquid at rest, is 
f wanted and freed from hydrochloric acid by re pouted wasl dug with water; and the amyl 
I’losphorous acid is extracted by a weak solut on of soilic carbonate (a strong solution 
'uiiifi likewise dissolve the amylic amylphosphite). The alkaline solution i.s then sepa- 
wV ii from the uniylic amylphosphite which floats <ffi the surface; the portion 

all - r -<*main8 dissolved therein is separated by agitation with common ether; and the 
lilino solution is supersaturated with hydrochloric acid, whereby tlie amylphosphorous 
fid IS separated, with strong turbidity, and at first rises to the surface in the form of an 
’ » m consequence of containing ether, but sinks to the bottom after the ether is evapo- 
■ywh Lastly, to free this oil from chloride of sodium, it is dissolved in water, repre- 
Pdated by hydrochloric acid, gently heated after the hydrochloric acid has been 
Rioted, and placed in a vacuum, to remove the water and hydrochloric acid, 
fre flcid is an oil which sinks in water; it is nearly inodorous in the 

state, but strongly acid ; dissolves readily in water, and is precipitated thcrefipora 

mm2 
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by hydrochloric acid. It yields by dry distillation a large quantity of combustible ca 
and a small quantity of liquid distillate, leaving phosphorous acid, which when m’ 
strongly heated, gives off pliosphorettcd hydrogen gas. It bums with a very sniolT 
flame, leaving phosphorous acid. It reduces tfilocr-mlts. After being kept for somH 
time it no longer dissolves completely in water, and the solution quickly dccompos ” 
into amylic alcohol and phosphorous acid. The acid, separated by hydrochloric acid froij 
the sodium-salt wliicli has been kept for some time, likewise exliibits this behaviour 
This change of properties is perhaps due to the conversion of the ainylpliosnhoronB 
acid, II*.PC*II*'0*, into monmwjlicphospliiU^ (J41".TT.FH0“. 

Ainylphosphorous acid decomposes alkaline carbonates with effervescence; its sal 
decompose readily. The potasahim- and sodium-snlts can only be obtained in the gela- 
tinous state. The barium-saU dries up in vacuo to a soft deliquescent mass. The 
lead-salt is a white curdy precipitate, which decomposes even in the dry state, and 
quickly when moist, giving off an odour of fusel-oil. 

i8. Monamylic Amylphosphite, = H.C"H''.PCTI”0». (Wnrtz, 

loc. cit .) — Obtained as above, and freed fr<3m amylphosphorous acid by wa.shing witli 
dilute Bodic carbonate till the residue no longer reddens litmus; it is then washed with 
water, and heated several times in vacuo to 80® — 100° to drive off water and amylic 
chloride. Should the product he coloured, in consequence of the tf^mperature during 
the reaction having been allowed to rise t to high, it must be rectified in vacuo; hut 
this process is always attended willi a certain amount of decomposition. 

Amylic amylpliosphite is a colourless or pale-yellow oil, of specific gravity 0 007 at 
19°. It boils only at a high temperature, and with some decomposition ; snusils slightly 
of amylic alcohol, and has a very pungent disagrecuible taste. 

When passed in the state of vapour through a red-hot tube, it yirdds gases, among 
whicli phosphorotted hydrogen occurs. It may be set on tiro by a tlaming hotly when 
strongly heated ; paper soaked in it burns when set on tire, with a white pliospliorus 
flame. It absorbs chlorine gas, with rise of temperature and OA'olution of hydrocliloih' 
acid; in the dark at 0® there is formed hereby a pimiuct containing 1 at. chlorine ; but 
under the influence of heat and light, products vt'ry rich in clilorim* arc formed; these 
bodies are colourless and viscid, and decompose after a while, with ovoliition of hydrochlori(; 
acid. Nitric acid act a violently on amylic amy Ipliosphit c, ytfllow oily drops passing ovv-r, 
and a strong odour of valerianic acid being evolved. When it is boiled with solution of 
nitrate of silver, there is formed, with a certain amount of reduction, a liLick ningnui 
containing phosphate of silver. When exposed to moist air or kept in loosely c.losod 
vessehs, it gradually turns aci<l. By boiling mjueoas alkalis, it is quickly resolved into 
amylic alcohol, which passes over, and a rc.sidue of alkaline phosjddte. 

Biamylic Amylpkosphite, C*'1P®P(P = (C*Il’'yM.’C'TT'*0*. (Railton, Chom. 
Soc. Qu. J. vii. 218.) — Produced by the action of trichloride of phosphorus on amylato 
of sodium, the preparation being conducted in the same manner as for the corresponding 
ethyl-compound (p. 633) : 

3G»H‘*NaO + PCI* = C'“H'‘»PO* + 3NaCl. 


It is an oily neutral liquid, having a very offensive odour, and decomposing more e.'isily 
than diothylic ethylphosphite. It boils in hydrogen at 236°, is insoluble in wutir, 
soluble in alcohol and in ether. 

Ethtlic Phosphites. — Ethylphosphorous acid, C^HTO* = 

H*PC'H»0« • V"}OK (Wurtz, Ann. Ch. Phys. [3] xvi. 218.)— 

hU 

by the action of tncbloride of phosphorus on hydrated alcohol : 

2 + H»0 + POP - P"- |o* + O'H'Cl + 2HC1. 

Trichloride of phos{>hora8 is added drop by drop to the alcohol, in a vessel kept con- 
tinually cold from withogt; and the mixture is evaporated at a gentle heat, to drive oit 
the chloride of ethyl aid hydrochloric acid, first in the air, and afterwards in vacuo, 
the vessel containing the liquid being connected with an air-pump by a tube contain- 
ing hydrate of potassium. The remaining syrup is then saturated with carbonate of 
barium, and Separated by filtration from phosphite of barium ; the filtrate is evaporated 
in vacuo; the dry residue treated with absolute alcohol; the liquid filtered to 
separate the chloride of barium, and evaporated till the barium-salt crystallises. 

The acid itself is scarcely known, in consequence of its great tenden<gr to resol'e 
itself into phosphorous acid and alcohol. • v f r 

It is capable of exchanging one or both of its basylous hydrogen-atoms either to 


metsis oii^r s^bol-ri^icles, thereby forming both acid and neutral salts. The acu 
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metallic salts are produced by treating the acid with the respective bfises (Wurtz) 
the neutral salts by the action of sti-ong bases on the neutral ethylic ether or diethylic 
cthylph«sp^i^®* 

jiamim-salts,'^ The add salt^ Ba obtained as above in the prepara- 

tion of the acid, is a white, amorphous, friable, deliquescent mass, which swtjllsiip when 
guhjoctcd to dry distillation, giving off, first certain volatile products of tlie decompo- 
sition of alcohol, then phosphoretted hydrogen-gas, and leaving a mixture of barytic 
phosphate and oxide of phosphorus (or red phosphorus). It is permanent w'hen dry, 
hut in solution it is gradually resolved into alcohol and barytic inetaphosphate, 
which crystallises out : 

Ba"H*.P*(C®H»)*0® + 0‘^ = 2(CnP.H.O) + 

It is very sobiblo in water and alcohol, and is precipitated from the alcoholic solution 
by ether. (Wurtz.) 

*Tlio neutral bariimi-mlt, Bii"PC®lPO* is produced by adding 1 at. diethylic ethyl- 
phosphite to 1 at. hydrate of barium dissolved in hot water: 

(C*H*)TC*H»0^ + Ba'H^O* » Ba'TC^H^O* + 2(C2II\H.O). 

On gently heating the mixture, alcohol is given fiff, and the remaining liquid deposits 
the barium-salt on evaporation. It does not erystallise. It maybe (.vaporaled in a 
w.itcr-hath without decomposing, but on boiling it is easily resolved into alcohol and 
niunobarytic phosphite (p. 529). 

2Ba"PC‘H-'0* + 3IPO = 2(CTIMI.O) -b 2IWTIIOMPO. 


By decomposing this salt with various sulphates, other neutral ethylphosphites may 
be obtained, but none of them crystallise. (Kail ton, (’Item. Soc. (^i. .7. vii. 219.) 

Tiic add crq^itcr-i^alt, obtained by precipitating the acid barium -salt with sulphate of 
copper, and evaporating tlie filtrate in vacuo, is a blue, amorphous, soft, deliquescent 
mass, in whicli the copper is gradually reduced. ( Wurl z ) 

The add lead-salt, obtained by saturating tint acid with Ti'oenlly precipitated carbo- 
nate of lead, and evaporating tlie filtrate in vacuo, forms shining, nnetnous, crystallina 
scales, permanent in the jiir, soluble in water and alcohol, insolublo in etlujr. The 
iir|iu‘Ous solution gradually deposits phosphite of Jea<l. (W n rtz.) 

acid ])otasmim-sol\ obtained by precipitating the barium-salt wit!) suljihate of 
potassium, and evaporating in vacuo, is a thi<*k uncrystallisahle syrup. (W urtz.) 

KfhtiJnharytic mj/lphospkite, C«Il'«B;i"P^O« - (C2Il-'‘)2Ba"(PC'-’TIKP)''* =:> 

(("-'li-')* j 

(V' f >0®. — This salt is obtained by adding 2 at. diidhylic ethylphosphite to 1 at, 

T.:i"((>2IP)*3 

liydrate of barium dissolved in hot water, and gently heating the lifiuid for a few 
tiiiinites. Alcohol is then given off, and the liquid, if carefully evaporated on a water- 
buLli, deposits the salt as a confused crystailliiK! mass : 

r C*'IP ) (C*!!')'-' ) 

2 F" VO** + Ba'HW « (P'")^ ^0« + 2(C'‘iPn.O). 

L(C=H*)*j J (C'Tl")"Ba"j 


This salt is very deliquescent, extremely solubh; in water, solublo also in dilute alcohol, 
but only slightly soluble in absolute alcohol. It does not decompose at 108°. 
(Kailton.) 

Klhi/lopotassic Ethylphosphite, C*IP.K,PC*TT''0*, is obtained by decomposing the 
barium-salt with potassic sulphate. It crystallises with difficulty in thin plates 
niiliating from a centre. It is deliquescent, soluble in alcohol, insoluble in etluT. 

The sodium-salt prepared in like manner rcscfnibh's the potassium-salt, but has not 
bfien obtained in the crystalline state. The nickel-, iron , due-, and nwynesiuni-mVie 
obtained in like manner are also non-crystalline, and extn'inely soluble in water, but 
app‘’ar to be insoluble in alcohol. On decomposing the solution of the barium-salt 
^itli eujiric sulpdiatc, the copper w'as reduced, even in a vacuum. 

The corresponding hydrogen-salt^ or ethylic ethylphosphite, H.O'ir.iO*!! U-, naa 
*iot yet been obtained. 

C*H* y 

Hiethylic Ethylphosphite, C®IP^PO* * (0*11')®)* (Rail ton, Chem, 

Qu. J. vii. 216.)— Produced by the action of trichloride of phosphorus on ethylate 

of sodium; 


3C®H‘NaO + PCI* « C^H'^PO* + 3KaCl. 

1 at. trichloride of phosphorus mix<^ with five times its bulk of pure etber is added 
h small portions to 3 at. ethylate of sodium (prepared by acting on pf^rfectly aiihyctrous 
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alcohol with sodium in a retort provided with a coudensing-tube, and evaporating 
dryness at 120®), the retort being kept at the boiling-point of ether by a wator-b- th 
The ether is then distilled off, and the retort transferred to an oil-bath, in which it ’ 
gradnaliy heated to 200®, and kept at that temperature till the whole of tlxe etlivl'^ 
phospliite has distilled oyer. The distillate is rectified several times in a current 
Lydrogen, the portion which comes over at 188® being each time collected. ^ 

Diothylic cthylYjhosphite is a neutral somewhat oily liquid, having a pecnliarlv 
offensive odour. Specific gravity — 1-075 at 15-5®. Boiling-point in air, 10 1 ^. jJj 
hydrogen, 188®; Vapour-density, taken in an atmosphere of liydrogen, = fi-yoo ’.jjjj 
6-877 ; calc. (2 vol.) = 6-763. It is soluble in water, alcohol, and ether, and burns with 
a bluish-white fianie. Heated with barytii-water, it ^yields the barium-salt (or ttbyl- 
barium-salt) of ethylphosphorous acid, according to the proportions used (p. ^ 

H.C-TPO 

Acetyi.-py»ophosphorous Acid, C-IPP-0® ~ (P")'-' 

IP 

schutkiii, Ann. Ch. Pharm, cxxxiii. 317.) — This acid, whieli is [»roducod by the acliorj 
of phosphorous acid on cliloride of acetyl, may he regarded as resulting from the substi- 
tution of Jicctyl for hydrogen in a hypothetical |)yrophosphoruus acid, P'-'H’O^^, related 
to phosphorous acid in the same mainun* as pyrophosphoric to orthophospiioric acid; 



rbospliorous Pyrophits- 

acid. phoroua acid. 


To prepare it, 1 at. phosphorous acid and I at. chloride of acetyl are heated together 
in a sealed tube to 120®, in un'oil-bjith for 60 to 66 hours, the l.ubo being optuud 
two or three times diu’ing the process to give vent, to tlie largo quantity of hydrochloric 
acid which is set free. When the reaction is complete, the whole of the cliluridr of 
acetyl is found to have disappearo;d, and the tube contains a perfectly white crystJillinn 
mass, consisting of acetyl -pyrophosphorons acid: 

2PIPO> + 2C^nH)Cl « ir»P(C‘"lI»C))0' -h + 2HC1. 


(N. Meu- 


To purify this product, it is first dried in a stream of carbonic anhydride, whereupon 
hydi-ochloric and acetic acids pass off-; then converted into a potassium-salt, wliicli is 
purified by two or three crystallisations; from this the hnid-sall is prepared by precipi- 
tation; and the precipitate decompiosed by sulphydric acid yields a solution of p\irn 
acetyl -pyrophosphorous acid. On e.vaporating this solution to a syrup, and leaving ii 
over oil of vitriol, the acid is obtuinetl as a cry-stallinc mass, very much like crystalli.sel 
phosphorous acid, but less deliquescent. It contains B'(C®TP())ll'’()^.2H*(); gives oif 
Its water of crystallisation at 100® ; does not fuse, but decomposes when strongly 
heated, giving off phospliorotted liydrogen. 

Acetyl-pyropdiosphorous acid appears to be dibasic, forming salts which may bo 

II,CHP04 

rer>reBentod by the general formula, (P'")'^ yO\ The 2 wtassiumsaU forms cry.stah, 

j 

which contain P^(C‘IPO)IIK'^0*.2jn'-0, give off 1 JlPO at 100®, and the romainiug 
1 at. at 120®. The crystals are very soluble in wmter, and elfiorcsce quickly, splitting 
at the same time into lumps, in an easily-determined direction of cleavage, hy 
boiling with excess of potash, the salt is resolved into acetate and phosphite of 
potassium. — The barium-salt, P''*(C*H’*G)HBa"0*, obtained from the potassium-salt by 
double decomposition, is a precipitate which becomes crystalline after a w'hile. — Tli« 
lead-salt, P*(C*H*0)HPb"0®, is a white precipitate . — Nitrate of silver forms with tho 
potassium-salt a white precipitate, from which when thrown on a filter the silver is 
instantly reduced. 

Tritylknb-phosphoboub Acid, C*H^PO® «» P'" yO®? — Kane, by acting 

H J 

on acetone with iodine in presence of phosphorus, and neutralising with carbonate oi 

barium, obtained a salt to which ho assigned the formula C^H^Ba*PO* or C 'H®Ba®P0*. 
According to E. Mulder, however (J. pr. Chem. xci. 472), if the product of thereac- 
tion bo freed from iodine by digestion with water and agitation with mercury, th^n 
neutralised with carbonate of 'barium, and the resulting barium-salt punned y 
repeated precipitation with alcohol from tho aqueous solution, it finally exhibitfl » 
composition of tritylene-phosphite of barium, (C®H*)Tla''P®0® (Mulder regards it 
a phosphite of barium and acetone). The solution of this salt treated with carbon^ 
of sodium, yields a precipitate of barytic carbonah^nd a solution of tritylene-fhosp 
(C*H®)''NaPO®, which remains on evaluation as an amorphous mass. 
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Ptaosptaorlo Aabydrtde, Acid., and Salta. 

PeSTOXIBI! or PhOSPHOBUS. PhOSPHOIHC Oxibk OB ANHTI>nin„ Ptrvi 
_This oxide i» the sole product of the «ipid co.ubustion of pliospllrus in tick’s 
»ir or oxygen, llic combtistion is easily cflccted iii a lar-Ke three-iicck.-d elass ollZ 
K (A'l-P'})’ »? »’*« suspended a porcelain dish c, at.aehed l.y a s 

„fplat.nuin-.wiro to tile wide tube « A, winch i.s elo.sed at a with a cork. One 7( 0 
l^Ua-al opemnfp of he globe eommnnieates with a li-tabe ,/, containing pnndee soaked 
i„ oil ol vitriol to dry the air winch entor.s the globe, wliile the other lateral ope .iiic 
femmunicntes with a wido-mouthed bottle /, destined to receive the nrodiiet* The 
pi, espliorus m the capsule vs ignited by a hot wire, the cork inserted in the vertieVl 
lube, and a current of dry air passed through the apparatus by means of an asniralor 
coimected with the exit-tube g of the bottle/, or by a blower attached to the drying! 

f'ig. m. 



tulip dy or l)j other means. From time to time fresh pif'cos of pho.Mpliorns are dropped 
into th(! capsule through the verticjil tube, wJiich is rocorkod after cacli adilitioii. Tim 
I'n'isphoric^ oxide produced hy tlie combustion condciisi*s as a white d<’po.sit in th« 
Kiobc and in tlie bottle y. If the supply of air is not sufficient, the pi’oduct will I'o 
cuiitnniin.^tcd with phosphorous oxide. 

A sinipliiiod a})paratuH for prejiaring phosphoric anhydride is described by Gra- 
howsk i (Ann. Ch. rhann. cxxxvi. 119). 

rhfi.sphoric oxide, as above prepared, forms a snow-white, floccnlcnt, arnorjilious deposit, 
iiujiliiroiis when free from phosphorous oxide, and not ulfecting litmus-paper when 
pcrteetly dry. It sublimes below a red heat. When heated with cliarcoal it is de- 
Cf'nijiosed, yielding carbonic oxi<le and phospliorus. It is also decomposed wlien 
limited w’itli easily oxidi.sabie metals. Heated wdth pentachloride of phos[)horiis 
1 eber, p, 613), or with perfectly dry clilorido of sodium (bautemann, Ann. Ch. 
Ihann. cxiii. 240), it yields phosphoric oxychloride rOCl’\ It has a pow(*rlul aftrac- 
»)ii for water, dissolving in it with a hissing noise and great development of heat, and 
. ^"’^diiescing quickly in contact with moist air. It likewise acts as a powerful dehydrat- 
JiiK agent, abstracting water from acids, alcohols, and many other bodies w^lien heated wit h 
* sulphuric acid, for example, heated with jihosphoric anhydride is con- 

J'ded into sulphuric anhydride. It unites with water in three proportions, forniiiig 
acids, II^O.P^O*, 2ll20.P-^0», and SH'-'O.P'O*, denoted by the generic name of 

*®®P^oric acids. At a red heat it expels the volatile anhydrides from their salts, 
pi'Jjlucing phosphates containing various proportions of base, according to the facility 
which the volatile anhydride.is expelled. (Odling, Phil. Mag. [4] xviii. 168 ; 

1859 , p. 161 .) 

Phosphobic acid.— Phopphorettedhydrogen, pip, burnt in air or oxygen takoB up 
U ®*ygen and forms phosphoric acid, H»P0‘. The same acid is also produced 

'**.°*'dBtion of hypophosphorais or phosphorous acid ; by oxidising phosphonis 
**'h mtric add ; by the decompositiSn of apatite and other native phosphates ; and by 
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the action ofboiling water on phosphoric anhydride. This acid is tribasic, formiiiff 
three distinct classics of metallic salts. With sodium, for example, it forms the tlir^ 
salts NaH'-^PO*, Na^HPO^ and Na’>PO*, the first two of which, still containing replace- 
able hydrogen, are acid salts, while the third is neutral. The tliree atoms of hydrogen 
in phosphoric acid may be replaced in like manner by alcohol-radicles, forming acid 
and neutral ethers. , , . . 

If now monosodic phosphate, NaIl*PO^ he heated to redness, it gives off 1 atom of 
water and leaves an anhydrous monosodic phosphate, NaPO* = NaH’PO* — H-O^tiic 
acpieous solution of which, when treated with nitrate of lead, yields a lead-salt of cor- 
responding composition : thus — 

2NaPO» + Pb"(NO*)* - PV'(NO*)* + 2NaNO»; 


this lead-salt, decomposed by sulphydricacid, yields a monohydric acid having tlie 
position HPO*, possessing properties quite distinct from tho.so of the triliydric acid 


and 

composition 
above mentioned 


PVYPO*)* + H^S 


2HPO» Pb"S. 


The trihydric acid which is produced by tho oxidation of phosphorus, and hy the 
decomposition of the ordinary native phosphates, is called ortho phosphoric acid 
or ordinary phosphoric acid j the monohydric acid is called nictaphosphoric 
acid. The former may be regarded as a trihydrate, the latter as a moiiohydratc of 
phosphoric anhydride : 

21I®PO* = 3H^0.P*0* orthophosphoric acid. 

2HPO* — H'^O.P^O* metaphosplioric acid. 


lloth are soluble in water, and the former may be produced hy the action of boiling 
water, the latter of cold water on phosphoric anhydride. They are easily distingui-slnd 
from one another by their reactions with albumin and with nitrate of silver. Mclii- 
pliosphoric acid coagulates albumin, and gives a white precipitate with nitriite of 
silver ; whereas orthophosphoric acid does not coagulate albumin, and gives no pre- 
cipitate, or a very slight one, with nitrate of silver, till it is neutralised with an alkuli, 
in which case a yellow precipitate is formed. ^ .111 

Mctaphos]dioric acid and its salts differ from orthophosphoric acid and tho ortho- 
phosphates by tho want of one or two atoms of water or base, the relation bctwcin 
the two classes of salts being similar to that between ortho- and nicta-sihoatos, car- 
bonates, &c. (p. 238): thus — 


Metaphoophales. 

Orthophosphates. 

IPO 

HPO* 

II*PO^ 

’ NaPO* = 

NalPPO^ - 

IPO 

Ea'T*0« = 

Bh"IPP'-0* - 

2 HO 

AgPO» 

Ag*PO* - 

Ag*0 

Pb'T*0« « 


2Pb"0 


Accordingly, we find that metaphosphates and orthophosphates are convertible one into 
the other by the loss or gain of one or two atoms of water or base : thus 

a. A solution of metaphosplioric acid is converted, slowly at ordinary temperaturcP, 
quickly at the boiling heat, into orthophosphoric acid, and the metaphospliates 01 
sodium and barium are converted hy boiling with water into the corresponding monO’ 
metallic orthophosphates (see the first tliree equations above). — The metapliosp ia 
of a hea^y metal, silver or lead for example, is converted by boiling with water mw 
trimctallic phosphate and orthophosphoric acid : 

3AgPO» + 3H*0 = Ag»PO« + 2II«P0*. 

7 . When any motaphosphate is fused with an oxide, hydrate or carbonate, it becomes 
a trimetallic orthophosphate: e.g . — 

NaPO" Na^CO* = Na»PO* - 1 - CO* 

On the other hand: (3), when orthophosphoric acid is heated to ^ 

water and becomes metaphosphoric acid; and when a monometaUic orthopliospn. 
heated to redness, it also loses water and is transformed into a 
one of the baaos of a dimetallic orthophosphate is volatile, a metaphosphato is u ^ 
produced by heating the salt to redness ; thus with sodio-ammonic orthopnosp 
(microscosmic salt) : 

Na(NH*)HPO^ - (NH<)HO - NaPO». - f ex- 

€. A trimetallic orthophosphate fused with a fixed anhydride, silicic ot ^ 
ample, is converted into a metaphosphate by abstraction of an atbm of base. 

NaTO* + SiO* Na*SiO* + NaPO*. 



PHOSPHORIC ACID. 


537 


\Vlien phosphoric anhydride ia fused with the salt of a volatile anhydride, an ortho- 
or nietH-pbosphate is produced, according to the facility with which the volatile 
anhvJride can he expelled from the base. Thus witli sulphate of magnesium, the 
proJact is an orthophosphate : 

+ 3Mg"SO« = Mg-P^O" + 3SO»; 

]jut with sulphate of potassium, in which the sulphuric anhydride is retained with 
en-ater force, a metaphosphate is produced, thus: — 

^ + K‘^SO^ .= 2KPO* + S0». 

Intermediate between ortho- and meta-phosphates there are at least three distinct 
classes of salts, tho most important which are the pyrophosphates or paraphos- 

nhiitcs, ]Vt^P*0^ or These salts may be viewed as compounds of 1 at. ortho- 

phosphate and 1 at. metaphosphato : M<P*0’ == M«PO< + MPO“. 
pyrophosphate of sodium is produced by boating disodic orthophosphate to redness, 

2Na*HPO* = Naa»0’ + H»0. 

Tho solution of this salt yields insoluble pyrophosphates with lead and silver salts; 
thus wdth nitrate of lead — 

Na^P^O^ + 2Pb''N*0« = Pb*P20’ + 4NaNO» ; 

-nid pyrophosphate of lead decomposed by sulphydric acid, yields pyrophosphorio 
acid; 3lPPWor2lPO.PW: 

Yi-zpiQy + 2n“S = n*P*0" + 2Pb"S. 


Pyrophosphates are easily converted into metaphosphates and orthophosphates (and 
vioo versA) by addition or subtraction of water, or a metallic base. 
a. The production of a pyrophosplmto from an ortliophosphate by loss of water has 
already mentioned. — /3. Conversely, when a pyrophosphate is heated witli water 
or a base, it becomes an orthophosphate : c, g . — 

Na^P^O^ + H'^O = 2Na2HPO^ 

Na^P'-'O’ + 2NaHO 2Na»PO* + IPO. 

7. Pyrophosphorie acid heated to dull redness is convert<*d into metaphosphoric 
iifM r IPP^O’ — IPO = 2I1P0\ Tho converse reaction is not eiisily elfuMed, inas- 
luucli as metaphosphoric acid by absorbing water gencjrally passes dinjolly to the state 
of ortliophospnoric acid. I’oligot, however, observed the formation of pyrof)lios|)horic 
fVoin metaphosphoric acid by very slow ab.sorption of -water (p. o30).— j. When a 
metallic metaphosphate is treated with a proper proportion of a hydrate, oxide, or car- 
bonate, it is conA^erted into a pyropliosphato : 

2NaPO* + Na-CO» = Na«P'^0' + CO^. 

Pleitmann and Hon neb erg (Ann. Ch. Pharm. Ixv. 304), by fusing together an 
atom of pyrophosphate of sodium, Na^’PCbNaPO®, wdth two atoms of mein phosphate, 
NaPO”, obtained a salt having the composition Na®PO*.3NaPO=^ — Na®P‘0>=*, which 
is soluble without decomposition in a small quantity of hot -water, and crystallises from 
its solution by evaporation over oil of Autriol. An excess of hot -w'utt'r decomposes it, 
but its cold aqueous solution is moderately permanent. Insoluble phospha tes of similar 
composition may be obtained from the sodium-sjdt by double decomposition. Fleit- 
miinn and Henneberg obtained another ci*y stall isable but very insoluble salt, haying the 
com}>oaition Na»PO*.9NaPO=* Na’-P»®0»*, by fusing together 1 atom of sodic pyro- 
pbospluite with 8 atoms of tho metaphosphate; and insoluble phosphates of similar 
constirution were obtained from it by double decomposition (see fui-thcr LTolsmann, 
Ann. Ch. Pharm. cxviii. 99). i • u ♦ 

The relative proportions of base and anliydride in these different phosphates is es 
shown by according to them all the quantify of base contained in the most complex 
uicmber of the series, that is to say, 6 atoms, as in the following table. 

Orthophosphate 6M-0.2P‘''0* 


Pyrophosphate 

Pieitmann and Hennoberg’s Phosphate {a) 
f leitmann and Henneberg's Pliosphate (6) 


eM^'O.SP'^O^ 

6M'‘0.4P*0* 

6M‘O.OPH)» 

63P0.6P*0» 


= 3M"P*0’. 
= 2M«P*0**. 
^ M**F"0**. 
= 12MPO*. 


The several modifications of phosphoria acid and then 
obefly by Berzelius (Ann. Ct Phys. [2] ii. 161. : x 278); M.tscherhch 

(jW. xix. 360); Gay-Lussac (e«rf. xli. 331); Chirk ^ 

^tromeycr (Schw. jf Iviii. 123); araham (Phil. Irans. 1833, p. 2o3, Phil. g- 
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[3] iv. 401); Maddrell (Metn. Soc. iii. 273; Ann. Ch. Pharm. hi 5,v . 

K am m el 8 berg (Ann. Ch. Pharm. Ivi. 210; Ixxii. 250; Jahresb. 1847-8 n 
Schwarzeriberg {ibid. Ixv. 133; Jahresb. 1847-fti P* 345); Persoz (Ami (.| 
Pliarrn. Ixv. 163; Jahresb. 1847-8, p. 352); Fleitmann and Tlenncberg (Anii n’ 
Pliarm. Ixv. 304, 387 ; Jahresb. 1847-8, pp. 354, 357); IT. Rose (Ann. Ch. 

Ixxvi. 2, 13; Ixxvii. 319; Jahresb. 1847-8, pp. 231, 351); \"ogoli (Ann. Ch. 

Ixix. 180; Jahresb. 1847-8* p. 694); Ileintz (.Ann. Cli. Pharni. Ixviii. 2a7 oc-'. 
Ixxii. 264; Jahresb* 1847-8, p. 342 ; 1849, p. 534) ; Rue wsky (Coinpt. rend’ ' 
205 ; Jahresb. 184^^8, p. 240); Baer (Ann. Oh. Phnrm. Ixviii. 255; Jahresb. 1817-8 
p. 310); Werther (Aim. Ch. Pliarrn. Ixviii. 312; Jahresb. 1847-8, p. 419) • hiKlwi ’ 
(Jahresb. 1817 -8, p. 339; 1819, p. 230, 1852, p. 361) ; Fleitmann ( Ami. Ch. 

Ixxii. 2.31 ; Jahresb. 1819, p. 233); Reynoso (Ann. Ch. Pharm. Ixxxiii. 98; .Jahresi, 
1852, p. 318); Mar i gn ae (Ann. Ch. Pliarm. Ixxxviii, 232; JaJiresI). 1853, p. 

Fres eii ills (Ann. Ch. Pharm. Ixxxvi. p. 216; Jahresb. 1853, p. 322); Rraiulrg 
(Ann. Ch. Pharni, Ixxxviii. 272 ; Jahresb. 1853, p. 381). 

M B T A p H o s p H o R 1 0 ACID, ITPO* = H ! H ^ H‘^O.P‘0*.— -This 

acid, diseovered by drab am, is obtained, as already observed, by aeting on phos|)]inri(> 
anhydride with cold water, or l>y heating orthophosphoric or pyrophosphorie acid r,-, 
redness. Orthophosphate of ammonium maybe .snbstiluted for the orthophosphoii • 
acid; but it i.s difficult to expel the last tract's of ammonia. Met:iphosphorir> ucIJ is 
also prepared by decomposing some of its salts with another acid, as by exposing the 
load-salt suspended in w’utt'r to a current of siil])hydric acid gas. 

]VIela})liosp]ioric acid in tho solid state, as obtained by eva])oratiiig its solution and 
heating tho residue to rediies.s, or by boiling ortlio- or pyroj)Jiusplioric acid to re(.iiii's.s 
forms a transpanmt, colourless, glassy, iincTystallisable mass, which dis.s()lve,s slowly 
though somewhat abundantly in water, forming a strongly acid lifpiid. It.s solutioii 
gives white precipitates with solutions of cdhiumn, 7iiirair of sdv< r, and rh/oridc <■>/ 
barium. The la.st-mcntioned precipitate is soluble with difficulty in a large ext’es.s ol’ 
the a,cid. With moh/bdnir of ammonium it give.s no pr<!cipitate or coloration, until, by 
the action of the free nitric acid present, it has been fairly converted into ortlioplios- 
phoric H(;id. 

Metaph( isphoric acid is conviuted slowly at ordinary temperatures, quickly at tlio 
boiling heat, into orthophosphoric acid, without passing through tln^ lnteriiie<liiilc .stMut! 
of pyrophosphorie aci<l. M<'taphosphoric acid volatilise.s eompletj'ly^ ut. a bright inl 
heat, but, according to H. Rose, its composition varies during the volat ilisatiini, tho 
last portions volatili.sod consi.sting of metaphosphoric acitl and phosphoric, anhydrido ; 
but metaphosphoric acid cannot be completely dehydrated by heat, or indeed l>y any 
known proce.ss. 

M V t a p ho fijihat es, TVIPO* or — ^These salts are produced ; 1. Ry trcMting 

the acid with bases. — 2. By igniting a monometallic ortlio pi lo.spliate of fixed l>as(’, ora 
diraetallic orthophosphate buying one, fixed and one volatile base (ammonio-siulic I'lios* 
phate, for example), or a monometallic pyrophosphate. — 3. By double dccoinpositiun, 
the insoluble metaphosphates of silver, lead, and barium, for exaniph', from intra- 
phosphate of sodium, and the ammonium-salt liy decomposing rnetapiiosphato of had 
with sulphide of uminoriium. — 4. By heating trimetallie orthophospliatcs or diinctallic 
pyrophosphates with the proper proportions of phosphoric anhydride or acid : thus— 

Na»PO^ + « 3NaP()». 

Na^P^O" + P^U* ». 4]SaP()». 

Metaphoaphates may therefore be regarded as anhydro-salts of orthophosphates and 
pyrophosphate.s, a relation further exhibited by the behaviour of sodic or calcic metii' 
phosphate when heated with charcoal, the salt then splitting up into a trinictallic 
orthophosphatG iiTeducible by the charcoal, and phoH})lioric anhydride, which is decom- 
posed by the charcoal into carbonic oxide and phosphorus vapour (p. 600). 

Metaphosphates of alkali-metals are fusible, soluble salts, not usually crystalanj- 
The metaphosphates are readily decomposed by other acids : thus even acetic acid vru 
decompose rnetapiiosphato of sodium, as shown by the fact that a mixture of acetic lU'i' 
and metaphosphate of sodium precipitates albumin, although neither reagent separately 
will produce that effect. The circumstances under which metaphosphates are con- 
verted into pyrophosphates and orthophosphates have been already considered. 

Modifications of MftapkosphaUts , — The metaphosphates aro remarkable for 
liibiting very different properties, according to the manner in which they are prepare . 
These differences are generally attributed to ppljjrmeric modifications, the formulae o^ 
which are determined chiefly by the relative himbers of atoms of the two bases con- 
tained in the respective double salts.’ 
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0 Ucxn^rtapJtosphaU'S M®P«0'».— Ordiniiry niftaphosphoric acid, obtained by the 
i.rtK-e^seH above described, forms double salts contaiiiing cpiaiitities of moimtomic m. tal 
ill the ratio of 6 at. to 1 at., or equivalent quantities of diiitomic metal — the calcio- 

for example, having the composition C)i>Na^(P08)>2, or 2NaPO’.6Ca"P*()« 
q'lie ordinary sodium-metaphosphate, obtained by igniting nu>iio!sodic orthophosphate 
sudilen cooling, forms a vitreous mass, the aqueous sohition of Mbicli gives gela- 
‘tiiious precipitates with the salts of the heavy metals and alkaline eartli-metalH. 

/j. M3P=‘0». — ^Whon a considerable quantity of ordinai-y fused so<lic 

j)„ taphosplnite is allowed to cool very slowly, the salt in solidifying acquires a lu^auti- 
juUv crystalline structure j and when this mass is digested in a shglit excess of warm 
wiitcr, the liquid separates into tw'o layers, tlie larger stratum containing the crystalline 
jijid the smaller stratum the ordinary vitreous salt. The solution .)f the crystalline 
viiricty gives hydrated crystalline precipitates with .salts of the heavy nu tals. The 
foiTimlie of the crystalline silver-salt thus produced is 3AgPO‘.H'(l. The ineta- 
nhospliorio acid obtained from theso salts forms double salts eontaining 2 at. of one 
iiiunatoinic metal to 1 at. of another, or quantities of diatomic metals t'qviivalent to 

these. 

7 . Bimrtaphmphatis, M2p"0“. — When oxide of copper and a slight exee.ss of nqiu ons 
|)lios])horic acid arc heated together to a crystalline p«)\viler is fn-med, insoluliie 

in water, hut soluble, with the aid of lieat, in sulphuric at;id and in ainmonia. 'I'hc 
(orrespouding metaphosphates of the .alkali-metals, whieh are obtaiju-d }>y tn .iting the 
(■op[)Oi’-salt with sttlphide of potassium, tSce., are sulubh' in water, cryslalli.sahle, and 
converted by heat into insuluhle salts. Tlicse metaphosphales have a stroiig tendency 
tu firm d(juhle salts, all of which contain equal or (‘(piivalent mimhers <d .•hdhis of llu; 
TwoliMScs. For example, on mixing a concentrated solution of file potassinin-salt with 
diloiide of sodium, or of tlie sodium-salt with chloriile of potassium, a cry^lalJine douhli? 
silt is obtained, having the eomposition NaKP'tF.ll-’O. Again, conceiitcateil .saint ions 
of the ammonium-salt and cupric chlorhlc niixod together, dejx^sit, on adclition of alcohol, 
line cryKtalline needles, having the composition (Nil ‘/(.!u"P'< )'2/2M-(.). 

?. Triramrfa 2 )?iofiphattii, — Another variety of meta phosphate is formed by 

lifiiling jiliosplioric acid with oxide of lead, bismuth, or cadmium, or with a mixture of 
*> lit. sodic hydrate and 1 at, cupidc oxide, ^fho lead-salt is easily dicomposcd hy 
albliiic sulphides, and yields the. corresponding salts of the alkali-nietals. The 
sodiiini-.salt in eombinat ion with water is viscid and elastic, and foi-ins, with a larger 
liiiiLiitity of water, a gummy mass, whicli will not pass through a tiltm*. The donhlc? 
.siil.s ot this variety of meta phosphoric acid contain equal or I'qui valent numbers of 
iiTiiins of their two ba.se.s, like those of the p>rec(*ding ; but as tiny differ in physical 
properties, it is probable that they are piolyineric with the latter, the sodio-cuprie 

fiiilt, for exampde, having the compiositlon Na-’GirP^O-’. 

f. Monomcta^ihdSpJuitcs^ MPO^. — Lastly, there is a variety of metapdiosphates dis- 
I'ovtn'd by Muddrell (Mem. Cliem. Soc. iii. 373) whieh are remarkalile for their 
iii.sohihility in w'ater. Tlie potassium-salt i.s produced by igniting hydrate of pota.ssiiiin 
and phosplioric acid together in equivalent p)ropH)rtions ; the ammonium-salt by heating 
diinctajjliospdiate of ■ ammonium to 250^. The.se metajiho.sphates are also funned by 
adding pliospihoric acid in exce.ss to .s<jlutions of sulphates or nitrates, cva])oratiiig to 
dryiii‘.s.s, and heating the residues to 310^^ or ujiw'ards. They arc crystalline anliy- 
drous powders. There are no double salts of tins variety. 

rvnopHoapHOBic Acid, = H’rOMirO* = 2n'0.T’'0". 

—This acid, discovered by I)r. Clark of Aberdeen, may bo prepared by evaporating a 
solution of orthophosphoric acid till its temf>prMtare rises to 21oA but the product is 
always somewliat contaminated with unchanged ortliopho.‘>p>horic acid. A purer product 
is obtained hy decomposing pyrophosphate of lead with sulphydric acid, and evaporating 
fb filtrate till it attains the temperature above mentioned. As fhu.s prepared it forms a 
glass. Peligot, however, found (Ann. Ch. Phys; |2] Ixxiii. 286) that fused 
pliosphoric acid (metaphosphoric acid), left to it .self in a bottle for several 
during wliich time it absorbed water, formed at the top transpurent crystals of ortho- 
puosphoric acid, in the middle a mother-liquid of specific gravity l’7,.and at the bottom, 
opaque indistinct crystals of pyrophospfioric acid resernl;>ling loaf-sugar. 

I’yrophosphoric acid is converted into metapliosphorio aei<l when heated to rednegs, 
find into orthophosphoric acid when boiled with water. The last conversion takes 
plnce also at ordinary temperatures, but very slowly, so that the aqueous acid may « 
kept unaltered for even half a year (Graham). Pyrophosphonc acid m aqiuwis 
solution does not precipitate athumirv^ Moride of or nitrate oj silver, but after 

*i''iitralisation it gives white precipitates with the last two reagents. 

^y»-opAo.!ijp;ia^c^.-Pyropliosphoric acid being tetrabiUiic is capable of forming 
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four classes of salts, three acid and one neutral, represented, in the case of monRtr».v* 
metals, by the formulae : 

MH“P*0^ M*H*P*0», and 1SL*V^0\ 

The neutral pyrophosphates may be produced, as already observed, by igniting dim 
tallic orthophosphates ; also, by neutralising the acid with bases, or hy headng an' 
form of phosphoric acid, or a metaphosphato, with a quantity of oxido, hydrato ov tj. 
bonate, sufficient to furnish the required quant ity of base : e. — 

2HPO* + 2Na-CO» = NaU’-'O* + 2CO* + H*0 

2NaPO> + 2NaHO = NaU^^O’ + IPO. 

Acid pyrophosphates may be prepared by neutralising one quantity of the add with a 
base and adding thereto one-thiri or one, or three more proportions of acid. 

Many pyrophosphates are formed by double decomposition. Solutions of pyroplios. 
phates, even when much diluted, give precipitates with salts of calcium, hariim lead 
and silver. The precipitates formed by sodic pyrophosplinte in solutions of eojmr 
•nickel, and some other motals, are double salts, containing 2 at. sodium to 3 at. of the 
diatomic metal (p. 237) : c. g. — 

2NaT“0» + 3Cu'CP = Cu*Na2P«0« + 6NaCl. 

This constitution is exhibited by most of the douldo pyrophospliates, and seems (o 
favour the notion that these salts are compounds of orthophosphates and metiiphos. 
phates: thus, Cu»Na^P^O‘< = Cu^P^O® 2NaPO>. 

Among neutral pyrophosphates, those of the alkali-metals only are soluble in wattr; 
their solutions have a slight alkaline reaction, and cannot be boiled without conversiyii 
into orthophosphates. The other salts are soluble in acids, and generally in an excess 
of sodic pyrophospliate, forming the double salts just mentioned, which exhibit a peeu* 
liar behaviour with reagents. Thus, from a solution of ferric or manganous pyrophos- 
phate in pyrophosphate of sodium, the heavy metal can scarcely be precipitated Ity 
sulphydric acid or sulphide of ammonium. The insoluble pyrophosphates are soluhfe 
also in excess of the heavy metallic salt from which they are pr(‘cipitat,t‘d; the solution 
is precipitated by heat, and the precipitate is not redissolved on cooling — as is the caso 
with orthophosphates under similar circumstances. The alkali iie-cartliy pyrophos- 
phates dissolve with difficulty in acetic acid. 

When a pyrophosphate containing a metal reducible from its oxide by lieat nlone is 
ignited in a stre.ani of hydrogen, the metal is reduced, and water, phosplioric aci<l, ami 
other phosphorus-compounds are separated ; if the oxide is irreducible by itself, hut 
reducible by hydrogen, a metallic phosphide is formed, while water and various phos- 
phorus-compounds escape ; if the oxide is not reducible by hydrogen, the pyrof.hos- 
phate is resolved into an orthophosphate and phosphoric anhydride (SMIP'O’ = 
4M‘'PO* •+■ P'O*), which latter is j.>artly decomp)osed into phospdiorous acid, phospho- 
retted hydrogen, and rod phosphorus. (Struve, J. p. Cliem. Ixxix. 345 ) 

The other reactions by which pyrophosphates are converted into ortho- and meta- 
phosphates have been already considered. 

OeTHOPIIOSPHOHIC acid, HT0‘ = =® <Ti0'. or 3H*0.F0» - 

This acid is produced, us already observed : 1. By the action of boiling water or 
phosphoric anhydride, metaphosphoric acid, or pyrophosphoric acid.-~2. By tbo corn- 
bustion of phosphoretted hydrogen in air or oxygen. — 3. By the oxidation, spoilt aneoiu 
or otherwise, of hypophospliorous and phosphorous acids. — 4. By oxidising plio.sphorm 
with nitric or hypochlorous acid. — 5. By decomposing its salts with acids, tncalcu 
phosphate (bone-earth) for example, with sulphuric acid, or phospliate of lead wit 
sulphydric acid. — 6. By the action of watt?r on phosphoric oxychloride; 

PC1*0 -f- 3H*0 = H>PO* 3HC1. 

Pentachloride of phosphorus, acted upon by a small quantity of water, yields phosphon( 
oxychloride : 

PCI* -t- H*0 « 2HC1 ■+■ PCPO, 

which may be converted by a larger quantity of water into phosphoric acid. 

Preparation. — 1. By the action of Nitric Acid on Phosphorus . — 
phosphorus is heated in a retort with about 16 pts. of dilute nitric acid of 
gravity 1-2 until it is dissolved. The distillate which contains some phosphorous a 
is then returned to the retort, and the entire liquid is evaporated down. At a cer 
degree of concentration, a very considerable effervescence occurs, due to the oxi ^ _ 
of the phosphorous acid into phosphoric acid, ^mall quantities of nitric acid are ^ 
added fixim time to time, until the last additidi^uo longer produces 
which the liquid is evaporated to expel the nitric acid. If the eva^ration is c ^ ^ 
60 far as to produce pyrophosphoric or even metaphosphoric acid, the residue is 
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“ water, whor<, by these last two acids are reconverted into 

yrtliopnospnoric acia. , 

2. p^rom Bone^ash. — Uone-ash is decomposed by sulDluiric anld ne 
page500, and the acid solution filtered from the in.foluble is concentrated to^’a 

Uai bulk and ™>«d with more sulphuric nei.l, whereby a further preciphate of 
evpsuin 19 formed, which after dilution with water is separated bv striiLic thvou.rb 
linen. This operation of evaporation to a small bulk, treatment with sulphuric aeh 
ailntion with water, and filtration is repeatcl a secoml and even a third tLie, till the 
,s completely removed. The aeul ,s neat evaporated to a syrup, und Rent ly 
ignited to expel the snip!, uric acid The residue, which still coiitabis aiagiieshi ,aud 

soda, derived from the boiie-ash, ,» freed trom the greater part of thi'se impurities by 
solution in boiling water, concentration, and heating for about lialf an hour to 315« 
A while powder then separates, consisting of sodio-niagiir sic metapliosi.h itc tM.r' P-o*' 
2SaP0>. The syrupy mass is h.ft to cool, afterwards dissolved in ei,ld'’water 
and the liquid IS filtered, ihe filtmte when boiled coiislitules a solulioii of ortho’ 
phosphoric acid, contaminated wiUi a trace of sodium, but otherwise iiuro To obtain 
a perfectly pure phosphoric acid, recourse must be had either to the oxidation' of 
pliosplioriis with nitric iicid or to the following iiroce.sa. 


a jK'lirtliJ jwj .x,v.*vxj llluaii Uti llilU 

pliosplioriis with nitric iicid or to the following {iroce.sa. 

:i From Peniacldoride of JV/o.s7>Aorwj,\— Chlorine is passed in excess through 


3. 1^ rom Pf^iiittc/doriele of BhosjihoTus. — kj j.iasseci in excess through 
phospliei'iis melted under water, whereby pentachloride of p.hosphonis is la-oduced and 
^ ‘ itelv dflcomnoficd bv the wnter into .ivs.l i! i’ . 


pu(t>pi.iliu.:3 „ .vxx x , p..^.Jl.x«:i| lUIlUe OI p.MO.SpllOrUS IS prOdUCetl, HR 

immediately decomposed by the water into hydrocliloric and orthopliosphoric acids: 
POP + lIPO = HU’O* + 6HC1. 


The phosphoric acid may be freed from hydrochloric acid by ebullition. 

Properties— Orthoi?hoHphorio acid may be obtained in hard, transpsircnt, prismatic 
crystals, by concentrating its solution to a tliin syrupy, and tlu>n allowing it to stand for 
Eomo time over oil of vitriol. 

According to Schiff (Ann. Ch. Pharm. cxiii. 183), the specific gravity of the 
aqueous solution varies with its strength in the manner shown by the following 
tfvhlo : 


PertTiitagc of 

6 . 

12 . 

18 . 


Speriflr icravity 
nt 

1-0333 

1 *06x88 

1-1065 


Feroontage of 
HSP04. 

21 . 

36 . 

64 . 


SpeciGc gravity 
at 1/)^. 

1-1463 

1-2338 

1-3810 


The aqueous solution may bo heated to 160® without altering the character of the 
acid; but at 213° it is converted princijially into pyrophosplioric aoid, while above 
this ti-mperature metaphosphoric acid begins to be formed, and, after the ajiplication of 
a full red licat, constitutes the entire residue. 

Atjiu ous orttiophosphoric acid has a strong aoid reaction, and at a boiling heat 
dpoouiposes the salts of most volatile acids. It does not preciiiitate solutions of 
albuuiin, chloride of barium, nitrate of silver, or ferric chloride, until completely or 
partially neutralised, when it gives the reactions p)resently to be described. 

Or t hop ho S 2 i hates. — MH^PO* and M"H^P‘0®, monometallic or diacid salts \ 


and M"HPO^ di metallic ov monoacid salts \ M^PO*, M^P^O", and M"'PO^ 
tnmi'fulhc, neutral, or nomnal salts. There are also superbasic orthophosjkhates, many 
which occur as natural minerals — c.a, green ironstone, Fo"TO'‘.Fe"il"0“ ; 
tuiquois, ArpObAr'TPO'^.IPO. 

^biny other phosphates are also found in nature, though rarely in a state of purity; 
tluy frt-(jucntly occur mixed in various proportions with arsenates, with which they are 
isoinopphous. Several native phosphates are found in combination with fluorides or 
djlorides — the apmtites and wagnerites, for example. H. Pevillo and Caron (Ann. 

h- Pharm. cix. 242) have prepared crystjdlised compounds of this kind by igniting a 
rnnetallic phosphate with an excess of the corresponding chloride or fluoride, and 
basiling out the excess of the chloride or fluoride from the crystallised compound, 
^ rpjl' separates on cooling. 

fhe phosphates of the alkali-niotals are usually prepared by treating phosphoric 
or dicalcic phosphate (superphosphate of lime) with alkaline hydrates or 
‘‘intonates. Dicalcic phosphate boiled with solution of sodic carbonate yields the 
ominury disodic phosphate, and from this the inonosodic and trisodic salts are 
^ •niud by the addition of phosphoric acid and caustic soda respectively. Xho 
P|^ *w.sium and ammonium-salts may be prepared in a similar manner. Insolublo 
are prepared by precipitating soluble salts of the respective metals with 

“Saline phosphites. 

TK frimetallic phosphates, those only of the alkali-metals are soluble in water. 

® Solutions have a strong alkaline reactioDy whence these salts were formerly called 
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basic phosphates : thoy aro decomposed even by carbonic acid, producing mixtures 
alkaline carbonate and dijnetallic phosphate : e.g . — ^ 

Na»PO* + H CO» « Na*HPO + KaHCO*. 

Among dimetallic phosphates, those of the alkali-metals are soluble in water. Thp 
arc often called neutral phosphates^ though their solutions have a feebly alkaJin 
reaction. The remaining dimetallic phosphates aro unstable, and generally iiisolnl,! 
compounds, which have a st^g tendency to decompose into soluble raononietallic am 
in.soliible trimetallic salts. 

The monometallic phosphates are all solublo in water, forming strongly acid solu 
tions. Most trimetallic phosphates dissolve to a greatt'r or less extent in aqiicoiix phos 
phoric, nitric, and hydrochloric acids, being probably converted at the sanio tim(* inti 
monometallic salts ; but monometallic phosphates of the heavy metals are ]iot, oxcep 
in a few instances, known as definite compounds. 

Under ordinary circumstances tlie heavy metals, silver and lead for instance, fom 
only one class of orthophosphates, viz. the trinietallic phosphates ; con.sf'quontly, wlioi 
a solution of a monometallic or dimetollic phosphate of ulkali-motal, which is ciihe 
neutral or slightly alkaline to test-paper, is added to a perfectly neutral solution o 
nitrate of silver, or other heavy metallic salt, a precipitate of trimctallie phosphate i, 
produced, and free acid passes into the solution, so that the liquid acquires a strong acii 
reaction ; c. g . — 

NaII*PO< + 3AgN03 ^ AgTO* - 4 - NaNO® + 2ITX0^ 

Ka^lPO^ + 3AgNO« = Ag^PO^ + 2XaNOs + ITNO*. 

Reactions. — 1. Solnlde orthopbosphatoa give with nitrate, of silver a lemon-yellow 
precipitate of triarg^mtic pliosphate, Ag^PO^, soluble in nitric acid and in ammoiiin, 

2. With aVetate or nitrate of had they form a whik^ precipitate of triplumbic phc.'jplijito 

PlPP‘^0'*, insoluble in ammonia and acetic acid, soluble in nitric acid. If a chloriile i,' 
present, the preci[titate contains elitoride of lead chemically combined with thcplios 
phate. Phosphate of lead fu.sed before the blowpipe forms a crystalline bead on coolinir 

3. With the chlorides of hariuni and calcium, or(hoi>hn.sj)liates give white pr.'. 
cipitates of dimetallic phospluilc.sj Ba"liPO‘ and Cii"JlPOh easily soluble in uilrio 
hydrochloric, and acetic acid. 

4. With suliihatc or chloride of magnesium, to which ammonia and chloride ofani' 
moiiium have been added, they give a wdiitt^ crystalline precipitate of ammoniu-nnig- 
ne^^ian phosphate, (Nn^)'Mg^P^()M2U”0, easily soluble in all acids, .slightly soluM- 
in jaire water, but al>solutely insoluble in water containing free ammonia, even in presemt 
of excess of atnmonlacal salts. In very dilute solutions the precipitate hnaius vtr} 
slowly ; its depo.silion is acetderated by sej.’atching with a glass rod the inside of the vossr, 
containing the solution. 

5. \y[t.h ferric chhtride, soluble orthophosphate.s give a yellowish-while proeiiiit.itc 0 ] 
ferric phosphate, Pe'"PO‘, soluble in hydrochloric acid, in oxc(\ss of ferric chloride, in 
ferric acetate, and in ammonia, but aksolutely insoluble in acetic acid ; so that it forms 
when acetate of sodium is added to its solution in Jiydrochloric at;id, or wlnm acctiitc 
of sodium and a little ferric clilorido are added to the solution of an alkaline-earth) 
phosphate.* 

G. Uranic nitrate behaves with soluble orthophosphates in the same Tnaiirier as forru 
salts. . 

7 . Mercurous nitrate givdh with .soluble orthophosphates a white precipitau 
easily soluble in nitric acid. If the solution of any orthophosphate in excess of nitric 
acid is evaporated over the water-bath to complete dryness with excess of met alhc mer- 
cury, and the dry residue (which contains no free acid) is treated with water, 
metals contained in the phosphates aro dissolved as nitrates, while the whole of t 
phosphoric acid remains nndissolved as mercurous phosphate. This reaction i 
employed by II. Rose, for the separation of phosphoric acid from all metals excep 

mercury. ^ • v f nt 

8. With nitrate of bismuth, soluble orthophosphates give a white precipitato 

bismuth-phosphate, !Bi'^PO^ insoluble in dilute nitric acid. , 

9. When a solution of molybdate of ammonium is added to the solution of any or 
phosphate containing free nitric acid, and the whole is heated, the solution immei la e) 
turns yellow, and a bright yellow precipitate of phosphomolybdate of 

formed either immediately or after some time. This precipitate is insoluble in ^ • 
soluble in ammonia or in excess of the phosphate ; hence this reaction is pecu 
fitted for the detection of small traces of phosphoric acid (as in minerals, sous, 0 
deposits from mineral springs). 

Arsenic .cid exliibits this rewtion as well ns phosphoric acid ; and aluminlum-salts are precipita^* 
under the same circumstances, tlinugh not so (t^mpletelj as ferric salts. 
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yor the detection of orthophosphorie ucl.l in nontral or alknline solution*. cMonJ.of 

ft, rk Monde acetaU o/sod^m. The most .lelicate reagent of all is mohihdate of 

Arsen ic which exhibits nil these reactions, is e.isily disli'ngnish.Ml 

fa..» phosphoric aeid, and if present may he entirely removed, by passing sulphvdric 
„,id gis through the solution previously mixed with sulphurous arid (i ds) Met a . 

hone and pyrophosphonc aci-ls are distinguished from orthophosphoric 
Srid hy their reaction with nitrate of s, ver (the former also by its property of coagu- 
lating albumin, p. also by midybdate ot aimiionium, with which they do not 

any yellow prc<;ipitate or coloration until they are converted by the free nitric 
acid into orthophosplionc acid. 

Trimctallic ortliophospliates of fixed Lasos ;.ro not at all d.'compo.sPd by iVnition • 
(liiiietiillic and mouomotallic pho.sphatos are. f.uivrKcd by ipnition Into pvropli(Whates 
aii.iiiiotai'bospliate.snvspoclively. Thelrnncdallit-pbospliatt-sof alkali-nietiils andalkaliiio 
eiirlh-nirlals are not deconipo.sefl by ignition with charcoal, but tlio mono- iiml dimotallic 
pliosplinli'sof thesis liases jire dceoinposetliiito triinetallie idiosplmf es and free plmsphonis 
(p.ilOO ). The 1 riaietalJic phosplmtes of the heuv}' metals, on the contrary, arc decomposed 
bv ignition with charcoal, gtaierally yielding met all icphosphide.s; but the load-salt yields 
nlpiallic lead and pliosphorua-vapoiir. The several plio.sj)hates of magnesium when heated 
widichareoal give off phosphorus and h'ave magne.'>!i;i. Pola^slum or heated with 

jliti^jihates effects a reduction of tin' salts and formation of a phosphide of the alkali- 
Dif tal, whicli gives off’ pho.sphoreitt'd hyrlrogen when moistened with water. Tlie alka- 
line-eiiclhy phosplmtes are only partially decemposed by fusion with an olkalinc car- 
hfUtO', while most other insoluble phosjibates (e.//. tliost* of magm’siuni, zinc, copper, 
iiiaiigaiiese, and iron) are completely decomposed by this im-ans; the fnsi'd mass 
.'ilwiivs contains orthophosplioric aeid. l>y boiling in a solution of caustic alkali 
or alb line carbonate the insoluble pbosphrites are only partially or not at all decom- 
Phosfihate of aluminiuin can only be decomi:)(.s.-d (in tlie dry way) by fusion 
with its own weight of silica, and six times its weight of sodic earbonate. 


Quantitative Analysis of Phnspha it s : Estimation and Separation of 
Phosphoric Acid. 

1. Kdimaiitin hy weans of L(afl‘ 0 .viile.- -Vs\n'\\ fihosplioric acid exists in a solution 
oonl.iiniiig no fixed base, and no other acid except nitric acid, it maybe (‘stimated 
hy advling a known weight of lead-oxide, then evajiorating and calcining in tlio manner 
Jiln aily described for the e.stiinat.ion of hypojdiosfiliorous aeid (j>. iV2-l). This method 
is directly applicable to the estimation of phosplioric aeid in all it.s mollifications. 

2. L'}/ precipitation as Ammonio-maf/nesian Phosphate, — 'the pre(*i[)ilal ion of ortho- 

I'ho^pljuric acid from an aqueous solution in which it exists in the fri'c slate or com* 
iircil with an alkfili, is be.'^t effected by the addithm of sulphate of magnesium and 
• -M i ss of ammonia, chloride of ammonium being lik»>wise added to jircvimt the precipl- 
t it ion of magnesia in the form of hydrat e. The phosphoric acid is llimi pri'cij iit ated as 
‘'iiMMioiiio-magnesian phosphate, The precipitate does not settle down 

:i| once, but its disposition may be accelerated by leaving the vessel in a warm place, 
f iiri* must be taken, liow'ever, not to allow' the liquid to beegme vi ry hot, as in that 
Oise hyilrate of magnesium w'ill be precipitated, and wall be very diffieult to redissolve. 
Ijio pri eijiitate, after standing for about two hours, is collected on a filter and washed 
"itli water containing ammonia, as pure water decomposes it. It is then dried and 
if-'iiited, whereby it is converted into pyrophosphate of magiiesinm, Mg'O.P'O* or 

containing 63‘67 per cent, of pho.sphoric anhydride, P*()\ and 27d)8 per 
ceiit. of phosphorus. 

If the phosphoric acid is in the state ofnieta- orpyrophosphoric acid, it must first l>o 
Of>nverte(l into the orthophosplioric acid by fusing the salt with five or .six t imes its weiglit 
d mrliomire of sodium, or, better, with a mixture of carbonate of potassium and car- 
'yiiate of .sodium in equivalent proportions, which fuses at a much lower temperature. 
»ytlii.s fusion w'ith cxces.s of an alkaline carbonate the pho.sphoric acid is in mo.st cases 
|^fjrri]il(.tf.ly separated from any other base with which it may be combiuecl, and converted 
a triiiasic phosphate of the alkali-metal, which may then be treated as above. 
'*(! conversion may also be effected by prolong<*d boiling with water, acids or alkalis, 
d A.S Phosphate of Bismuth. — In a solution free from sulphuric or hydrochloric acid, 

P 'osplioric acid may be correctly estimated by precipitation wdtli nitrate ot bisraiitli. 1 he 
consists of bisTUiitli-phosphate, B^T0b)^Bi*0■'*.P^0^ containing 2.P28 percen . 

- I^yrophosphoric acid is also completely precipitated by nitrate of bismuth, the pre- 
‘pitate2BP0».3P20» containing 31 28 per cent. ; nietapho.sphoric acid must be con- 
|rted into orthophosphoric acid by boiling with nitric acid. Sulphuric am y lo- 
Mills, if be removed by preeipitation with chloride of barium and 
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nitrate of silver raspectively, the excess of silver in the latter case being then preo' ' 
fated by sulphydric acid. If the solution contains iron in the state of f^n’ic suit f 
phosphate of bismuth is but slowly precipitated, and always contains iron, but this soiirc 
of error miy be obviated by reducing the ferric oxide to ferrous oxide (best with si I 
phydric acid) ; the process is thus rendered available for the estimation of phosphoh 
acid in soils, coprolites, iron ores, &c. (Chancel, Compt. rend. 1. 416; li. 882). Ac 
cording to M ‘Curdy, Brusili, and Johnson, however (Sill. Am. J. [2] xxxi. 281 
Jahresb. 1861, p. 823), the alumina in such substances introduces a similar error - am 
the process is likewise inapplicable to solutions containing chromic or urMiiic oxide 

4 . R^Umation Ity means of Stannic Oxide , — This method, first proposed by Rey nosi 
(Ann. Ch. Pharm. Ixxx. 354 ; Jahrosb. 1851, p. 613), depends on the insolubility o 
stannic phosphate in nitric acid. A known weight of pure tin-foil, and the substune 
in which the phosphoric acid is to be determined, are treated simiiltiiiieouslv with ai 
Excess of nitric acid ; the liquid is filtered as soon as the tin is completfdy oxidisiod hik 
the residue is washed, dried, and calcined. Its weight, diniinished by that of the.staunii 
oxide formed from the weight of tin employed, gives the quantity of phosphoric miliy 
dride present. The nitric acid solution contains all the bases present. 

In calcining the stannic phosphate, care must be taken to allow free access of air, a: 
otherwise part of the stannic oxide may be reduced by the carbonaceous matter of tlx 
filter or of the flame ; to avoid such sources of error, it is best to moisten the mass will 
nitric acid before calcining. It is also necessary that the tin he quite pure and 
in considerable excess, equal to eight or ten times the weight of the phosphoric acid tc 
be estimated. 


A modification of this method proposed by Reissig (Ann. Ch. Pharrn. xcviii. 1139 
Jahresb. 1850, p. 726) consists in dissolving the washed precipitate' of stannic j'im^ 
phato in caustic potash, diluting with water, saturating witli sulphydric acid, and aiiliin 
an excess of acetic or dilute sulphuric acid, which precipitates the tin as stannic sulj.'hid.' 
The phosphoric acid remains dissolved, and may be precipitated from the filtrate n: 
ammonio-magnesian phosphate. 

Precipitation htf Ur ayiio salts . — This method, first proposed by Leconte (C'oinpt 
rend. xxix. 65 ; Jahrosb. 1849, p. 672 ; 1853, p. 642), and afterwards rnoditlfd i ) 
Arendt and Knopp (J. pr. Chem. Ixx. 385; Jahresb. 1856, p. 728), consists 
cipitating the phosphoric acid by a solution of uranic acetate. This solution, [in partv 
by precipitating uranic nitrate or chloride with ammonia, and dissolving the pn'cipitaN 
in acetic acid, without previous filtration, is added to the solution containing tin- phos- 
phoric acid, which, if it contains inorganic acids (it is best to dissolve the phosphato in 
nitric or hydrochloric acid), should bo previously mixed with aeetatc of sodium, (h; 
heating the mixture, a yellow jirecipitate is formed, consisting of atnrnmiio-iiranic phos- 
phate, which is reduced by ignition to uranic pyrophosphate, 2U*0•*.3P*0^ The l^aso 
previously combined with the phosphoric acid remain in solution, the phospliatc'i 
of diatomic metals, barium, calcium, magnesium, &c., being easily decomposed in this 
manner, and even alurninic and ferric phosphates being decomposed by prolonged 
heating with a large excess of uranic acetate in presence of acetate of amnioninm and 
free acetic acid; but the method is not much used, on account of the great difficulty oi 
thoroughly washing the precipitate of aramoiiio-uranic phosphate. 

6. ^timation by means of Ferric salts . — This method, proposed by Berthier, con- 
sists in adding to the solution of the phosphate a solution of ferric nitrate or cldoridf 
containing a known quantity of iron (best prepared by dissolving a known weight ol 
clean iron-wire in nitro-muriatic acid), and precipitating by ammonia. The precipitate, 
consisting of ferric phosphate with excess of ferric oxide, is carefully washed with hut 
water, then dried and ignited ; its weight, diminished by that of the ferric oxide pro- 
duced from the known weight of iron, gives the quantity of phosphoric aiihydndi! 


It is important to use an excess of iron (at least, 1 pt. of iron to 2 pts. of phosphoric 
anhydride to be estimated), otherwise a phosphate of iron will bo formed which u'^- 
solves in ammonia. But even when the proper quantity of iron is added, there is sii 
a loss of ferric oxide during the washing of the precipitate, the wash-water, ^ 
pure water or water containing ammonia bo used, being always more or less coloure - 
hence this method, in the form above described, cannot be depended upon when grea 
accuracy is required. For the precipitation of pyrophosphoric acid, a still larger 
tity of iron is required than for orthophosphoric acid. ^ • • f/tlie 

Much more exact results are obtained by nearly neutralising the liquid containing ^ ^ 
phosphoric acid and the ferric salt with an alkali or alkaline carbonate, then 
considerable quantity of sodic cusetate^ and boiling. The whole of the phosphonc 
and iron are thereby precipitated as basic ferric phosphate, inixed with basic te 
acetate, while the solution becomes perfectly colourless, and does not retain 
iron. The liquid is then to be boiled, filtered while stiU hot, and washed with po> » 
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„l*r containihg a litUe aceteta of ammomum The wished prceipitate is dried and 
calcined m a pktinum ^cible, the residue then moistened with a little nitric acid 

hostsd “d and the quantity of phosphoric aiihydrido calculated as LS 

Tte method thus modifi^ may be used for the separation of phosphoric acid from 
liarytft, strontia, lime, and magnesia. “ 

Another modification of Berthier’s method intradneed bv Kobell CT r.r fhem 
„xri. 301 ; Jahresb. 1849, p 666) consists in precipitating ^.e solatiJn 
Kid and fernc oxide with carh^atc of harmni instead of ammonia. The washed and 
dried pweipitate is weighed, thim dissolved in hydrochloric acid, and the barium is 
precipitated by sulphuric acid. The weight of barytic sulpliate thus obtained gives by 
calculation, the quantity of bai^tic carbonate added; and this weiglit together with 
that of the ferric oxide dis^lucted from the total weiglit of the precipitate, gives the 
quantity of phosphoric anhydride. This method may be used for the sei.aration of 
phosphoric acid from all basc.s winch are not predpitait'd by cai-bouMto of barium 

7. By Ceric salts,— A solution of ceric nitrate or sulphate prochues in the nitric acid 
Folution of any phosphate, e.g. calcic, ferric, uranic, or ahirninic pliosphate, a white or 
slightly yellowisli precipitate of ceric phosphate of constant eompf)sition and insoluble 
in the acid liquid. (D amour and H. Doville, Instit. 1858, p. 69; Jahresb 1858 
p. 693.) 

Vo him ft r ic Me tliod a, — The volumolric process mo.st generally used for th e (‘stima- 
tion of phosphoric acid is that of Liebig, which dept^nds upon the in solubility of ferric 
phosphate in acetic acid. The solution containing the phosphoric add is mixed with 
aoelieiicid or acetate of sodium, according as it is neutral or add ; and a solution of ferric 
chloride or animonio-aluminic sulphate (ammonia-alum) of known strength is added, in 
(|iianlif.y just sufficient to precipitate the whole of the phosphoric acid as feiTic phos- 
phate (Fe>'0>.P=*0» or Fe'"PO^). The cliief difficulty in this })roccss is to determine 
tiu' iiKimorit when the precipitation is complete. For this pmrpose, Liebig places a 
drop of solution of ferrocyanide of potassium on a pieco of white lilter-paper, leaves it to 
spiead, then lays another pieco of til ter- jiaper over the first, and places on ita drop of the 
liiiuid to which the feme phosphate has been added. Tliis liquid, in passing through 
Jlic paper, parts with the ferric jihosphate which it holds in suspension, Ixdbre it comes 
in contact with the solution of ferrocyanide on the lower j)i<'ce of p>apL*r : hence no 
blin iiig of the latter will take place, unless the liquid contains an ex(?css of ferric 
cliloridc.^ The addition must, therefore, be continued till a faint blueing of the ferro- 
cyanidc just begins to take place. This method is used by Li ('big for the estimation 
of pliosplioric acid in urine. 

haewsky (.Jahresb. 1847-8, p. 94«5) adds an excess of the fcu’ric solution, collects 
the precipitated ferric phospihato on a filter ; dissolves it, after washing, in hydrochloric 
acid; and determines the quantity of iron in it by Margueritt(*'s method with per- 
manganate of potassium (i. 263) ; and thence calculates the quantity of phosphoric acid 
from the formula Fo'"PO*. 


General Methods of separating Vhosphoric Acid from Bases. 

o. By Mercurous Aitrate . — This reaction, already mentioned (p. 512), affords t he means 
of separating phosphoric acid from all bases whatever. The pho.spliate, or mixture of 
pno.spliates, being dissolved in nitric acid, the solution may either be evaporated to 
contact with metallic mercury, or exactly neutralised with caustic potash or 
“odii, and then mixed with mercurous nitrate, which throws down the mercury as 
Kicrciu'ous phosphate. 

Ill most cases the first of these methods is to bo preferred. The soliifion of the 
in nitric acid is placed in a porcelain basin, and p^ure metallic mercury is 
tv *1.’ such quantity that a small portion may remain undissolvinl by the nitric acid, 
tl ? then evaporated to complete dryness over a water-bath, so as to expel 

ih' nitric acid ; and tmo residue is treated with water, which dissolves 

bases as nitrates, leaving the phosphoric acid undissolved as mercurous 
P Xjsphate. This salt, after drying, is mixed in a platinum crucible with an exiiess of 
y carbonate of sodium, or, better, of a mixture of potassic and sodic carbonates in 
^mvaleut proportions ; and heated over a lamp, first to a tempt rature below r(dnes.s, 
J not sufficient to fuse the mass, till all tlie metallic mercury and all the mcircury- 
bv the phosphate, are expelled — then to the highest temperature obtainable 

ej 1 ? The mercurous phosphate is thereby decomposed, the mercury being 

and th alkaline phosphate produced. This when C(fid is dissolved in water, 

m, . ® Phosphoric acid precipitated as aramonio-nmgnosiau phosphate. 
qL. *n®thod gives very exact results, provided care be taken to dry the residue 
Jkad °n evaporating the nitric acid solution very completely, so that no free nitnc 
^^ay remain to hold any of the original phosphate in solution, and m fusing the 

N N 
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mercarous phosphate with alkaline carbonate, to regulate the heat yeiy careftilly in 
the manner above described, so as to avoid loss by spirting. When properly carried 
out, it is regarded by Rose as the best of all methods of separating phosphoric acid 
from basef It is moreover applicable in the manner just desmbed to the analysis of 
all phosphates excepting those of iron (fem'cum ) and aluminium, in which cases it requires 
certain modifications. The nitrates of these bases when evaporated, even at the heat of 
the water-bath, give oif part of their nitric acid, and are thereby rendered to a 
great extent insoluble in water, so that when their nitric acid solution is evaporated 
in contact with metallic mercury, and the residue treated with water, a small jwrtion 
only of the iron or aluminium passes into the aqueous solution, the larger portion 
remaining nndissolved, together with the mercurous phosphate. In the case of iron 
the process requires but little alteration, tor when the dried residue is ignited with the 
alkaline carbonate, the ferric phosphate is completely decomposed; so that, on treating 
the fused mass with water, the whole of the phosphoric acid passes into solution as 
before, while the iron remains as ferric oxide, and its amount may be added to that 
which has passed into solution as nitrate. In the case of aluminium, liowever, the 
process in this form is no longer applicable, for aluminic phosphate is but very ini- 
perfectly decomposed by fusion with alkaline carbonates. In this case, therefore, it is 
necessary to adopt the second form of the process above mentioned, which consists in 
precipitating the neutralised solution of the phosphate in nitric acid with TnetvniDtis 
nitrate, separating the precipitated mercurous phosphate by filtration, washing it with 
water containing a little mercurous nitrate, an<l decomposing it w'hen dry hy fusion 
with alkaline carbonate, as above. The filtrate contains all the aliiniinium, togotljcr 
with the excess of mercurous salt. Tlie greater part uf the mercury is precipitated tVom 
it by hydrochloric acid ; a smaller portion, which has passed into the stut»* of rmTOiirii: 
salt and still remains dissolved, is separated by sulphydric acid ; and in the n maiiiinu 
solution the aluminium is determined by the usual methods. If any of the alkaline wetin 
are also present, especially lime, this last mode of sej)aration cannot be applied, because ii 
small quantity of earthy phosphate is then precipitated, together with the incrcupon^ 
phosphate. 

For full details of the preceding process, see II. Rose. ( Traite de Chimie A 

ii. 708.) 

/3. Bi/ Nitrate of Silver or Nitric Acid and Metallic Silver. mode of procn-dinc 
is similar to that with mercurous nitrate, excepting that when the phosphoric acid i; 
precipitated from tho neutralised solution by nitrate of silver, the phosphate of silvci 
must be collected on a tared filter, and weighed after drying at 100’^. 

7. Vreevpitation hy Molybdate of Ammonium. — The molybdic solution is prepared In 
dissohdng 1 pt. of molybdic trioxide in 8 pts. of strong aqueous ammonia, and iinxni; 
the solution with 20 pts. of nitric acid. This liquid is added to the solution <d' ilj' 
phosphate in nitric acid, in such proportion that the quantity of molybdic trioxid. 
may be thirty or forty times as great as that of the phosphoric acid to be determined 
The liquid, together with the resulting yellow precipitate, is digested for several liniir 
at a rather high tcraperature, and the precipitate is washed on a filter with tlic lin'n 

which has been used for the prrcipitJition. The yellow precipitate is then dissolve. 

off the filter by ammonia, and the j>hosphoric acid is precipitated from the filtrate a 
ammonio-raagnesian phosphate. ^ ^ ^ t fi 

This method serves for the separation of phosphoric acid from tho alkaline eartra 
the other earthy oxides, and likewise from alumina, ferric oxide, and many othc 
metallic oxides ; but it cannot be depended upon for giving exact results, cxcciMin 
when the quantity of phosphoric acid to be determined is very small. Pyrophosjdiori 
and metaphosphoric acids, to be determined by this method, must first be converted nd 
orthophosphoric acid by prolonged boiling with nitric acid. 

Lipowitz (Pogg. Ann. cix, 136; Jahresb. 1860, p. 700) dissolves 2 pts. niolyoui 
trioxide in a warm solution of 1 pt. tartaric acid in 15 pts. water ; adds 10 pts. aquw« 
ammonia of specific gravity 0*97, and 16 pts. nitric acid ; heats the whole to boiling 
filters from a small quantity of molybdic trioxide whicli separates ; and u.se^ the re.sul in 
solution for the quantitative estimation of phosphoric acid by direct precipitation. ‘ 
this purpose a quantity of the solution (about 5 or 6 c c. to 0’06 gnu. phosp o 
anhydride, to be determined) is heated to boiling in a porcelain dish, the 
tion of the phosphate is added, the yellow precipitate is collected on a weighed ni 
washed with water containing g'gth of nitric acid, and dried at 20° — 30°, 
oil of vitriol, and weighed. It contains, according to Lipowitz, 3*607 per cent, r ■ 

It must be observed, however, that the yellow precipitate is soluble m a i 
quantity of tartaric acid. (H. Rose.) ,, , 

7. By Sulphuric Acid and AleohoL-^As many sulphates, especially those 
strong baseg, are insoluble in alcohol, the separation of phosphoric acid from t _ 
responding bases may be effected by mixing the solution of the phosphate m 
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nitric aciA « Itfd*ochlonc acid, with sulphuric acid and with alcohol— the base bcinir 
then precipitated M wljphate, while the phosphoric acid remains dissolved in the 
ulcohol. This meth^ is found, however, to give exact n^sults only when applied 
to the phosphate of the alkaline earth-metals and phosphate of lead. With other 
bases an error of 4 per cent, sometimes arises, oven when the analysis is peiformed with 
all possible care, and ether is added as well as hIcoIidI. ^ 

J. Bi/fvMon with Mkaline CarWto.-Mauy phosphates arc completely decom- 
posed by toion with excess of alkaline carbonate, a mixtuee of potassie and sodic 
carbonates ui equivalent proportions being the most convenient for the purpose The 
phosphntes of the heavy metals are for the most part easily dceor.posed in this manner, 
but the phosphates oi the alkaline earth-metals, and especially phosphate of calcium ans 
but imperfectly decomposed thereby, and mast therefore be treated by otlier methods 
The decomposition by fusion with alkaline carbonate, wlieii it can bo applied is 
e.speciaUy convenient for the analysis of phosphates mixed witli sulplititos, eiilorides 
aud other salts, the several acids passing, together with the phosphoric acid into the 
state of alkaline salts. ’ 


6. By Tartaric or Citric Acid.— The. precipitation of many metals from solutions of 
their salts by alkalis, is prevented by tlio presence of certain fixed organic substances, 
tartaric and citric acid among the number. Hence the S(‘paration of pho.splioric acid 
from such bases may be effech'd by adding to the .solution of the phosphate a consider- 
able quantity of tartaric or citric acid, then an excess of ammonia, sal-ammoniae. and 
sulphate of magnesium. Tlie phosphoric acid is then precipitated as ammonio-nnigne- 
sian phosphate, while the bases remain in solution. When tartaric acid is used"^ as 
originally proposed by Otto, a small quantity of tartrate of magnesium is frequently 
precipitated, together witli the ammoiiio-magnesian phosphate, and is clitiiiMilt to get 
rid of: hence 11. Warington, Jun. (Chem. Soc. J. xvi. 304), reconiirieiids the iise of 
citric acid, which does not introduce this source of error. iSometinies a .small quantity 
of the base is precipitated, topHier with the pliosphate, in spite of the presence of the 
organic acid. To guard against this source of en-or, it is best to reilissolvo the preci- 
pilato in hydrochloric acid, again add citric acid, and supiTSatiirato with ammonia. 
The ammonio-niagnesian salt is then reprccipitated in a state of perfi ct purity. 

This method is employed chiefly for Iho separation of ]ihosphoric acid from ferric 
oxide aud alumina. From the lioiiid filtered from the precipitated phosj^liate, iron 
is precipitated hy sulphide of ammonium; but aluminium, which is precipitated by 
this reagent, not as sulphide but as hydrate, cannot be separated thereby, or by am- 
monia or alkaline carbonates, from the solution under consideration, on account of the 


oipinic matter present. To efiTeet its separation, the solution is mixed with a quant ity 
of sodic carbonate sufficient to decompose all the chloride of ammonium present, then 
evaporated to dryness; and the residue is ignited to burn away the greater part of the 
organic matter, then digested in hydrochloric acid, which dissolves part of the alumina 
and all the magnesia present, leaving a mixture of alumina and cliarcoal. This residue 
is either calcined a second time, to burn away the remaining charcoal, or, better, it 
IS fused with a mixture of nitre and alkaline carbonate. In tlio latter case the 


alkaline salts may be dissolved out by water, leaving a residue of alumina (easily 
soluble in hydrochloric acid. In the former, the alumina is left in a difficultly soluble 
state, and to render it soluble it must be fused with acid sulphate of [lotassiuni ; tlie fused 
mass then dissoHcs completely in water. The solution of alumina tlius obtained is 
added to the other portion, and the alumina precipitated by aniinonia in the usual 
manner. The decomposition of the chloride of ammonium before calcination is 
I'sseutial, because that salt in volatilising would carry with it a portion of the iilimiinium 
in tbe form of chloride. 

C- By Carbonate of Barium . — The separation of phosphoric neid by nieniis of 
carbonate of barium and a ferric salt has already been desi^ribed (p. 544). Carbonute 
nt barium alone does not precipitate pho.sphoric acid completely from its aqueous 
solution ; but if the phosphate of any base not precipitated by carbonate of barium, 
dm alkaline earths and magnesia for example, be dissolved in nitric or liydrochloric 
®cid, carbonate of barium will precipitate all the phosphoric acid, together with any of 
tbo weaker bases (such as alumina, ferric oxide, or chromic oxide) that may also be 
ptesent, leaving the stronger bases in solution. This method may be applied to tlie 
analysis of mixtures of earthy phosphates, such as occur in soils, coprolites, guano, artifi- 
cial manures, &c., in which thepresence of alumina interferes with the separat ion by nitnc 
and metallic mercury. The phosphate having been dissolved in nitric or hydro- 
chloric acid, g,nd the solution boiled for some time, to convert any pyrophosphoric acid 
oat may be present into orthophosphoric acid, carbonate of barium is to be added, till 
^he free acid is completely saturated, and the liquid left to stand for a few days, with 
^»^quent agitation. The washed precipitate, containing alumina and ferric oxide to- 
6®ther with phosphate aud carbonate of barium, is then to be dissolved in hydrochloric 
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acid, and the bariUm precipitated by sulphuric acid. The filtrate niay be treated with 
citric acid, ammonia, and sulphate of magnesium, to precipitate the phosphoric acid 
and the ferric oxide and alumina which remain in solution separa 

usual methods. The solution filtered from the precipitate formea by the carbonate of 
barium is free from phosphoric acid, but contains the nitrates or chlorides of calcium 
magnesium, and the alkali-metals, together with nitrate^or chloride of barium. It 
is freed from barium by sulphuric acid; the mmtralised filtrate is then treated with 
oxalic acid to precipitate the calcium ; and the magnesium and alkali-metals are sepa- 
rated by the methods described under Magnesium (iii. 763). 

When calcium is present in considerable quantity, the washing of the last-mentioned 
precipitate of sulphate of barium is very tedious and difficult, on account of the sparing 
solubility of the sulphate of calcium with which it is mixed. In this case it is best 
after washing out the more soluble sulphates with water, to treat the remaining pre’ 
cipitate with a solution of carbonate of ammonium, whereby the remaining sulpbatt! of 
calcium is converted into carbonate; then, after washing, dissolve out the carbonate 
of calcium with hydrochloric acid, and add the solution to that containing tho other 
bases. (H. Rose, Traits de Chimiv Analytiqm, ii. 719.) 

Special Methods of Sep ar a tio7i. — From metals whose sulphides are insoluble 
in acids (copper, lead, mercury, &c.) phosphoric acid is easily separated by passing 
Bulpbydric acid gas through an acid solution of the salt^ The phosphoric acid may then 
be precipitated from the filtrate as ammonio-magnesian phosphate. 

Phosphate of zinc dissolved in acetic acid may also bo decomposed by sulphydric 
acid. 

The phosphates of i ro n, magnesium, nickel, c o b a 1 1, and uranium are decom- 
posed by sulphide of ammonium, the metals being .separated as sulphides ; but this inodo 
of separation is not found to give exact results, excepting in tin? case of iron. A better 
method is to fuse the phosphates with an alkaline carbonate (p. 64G). In the case of 
uranium, however, the separation by this method is not complete, a certain fpiantlty 
of uranic oxido always passing into solution together with alkaline phosphate ami 
carbonate. To obtain com plow separation, the salt must be fus('d with about threo 
times its weight of a mixture of carbonate of sodium and cyanide of potassium ; tlio 
uranium is then wholly separated as protoxide. The fused mass is digestt’d with wntfu- 
containing sal-ammoniac (if pure water is used, the uranous oxido separates in a vi ry 
finely-divided state, and runs through the filter) ; the phosplioric acid is procipitulcd 
from the filtrate as ammonio-magnesian phosphate ; and tlie insoluble uranous oxide, 
which retains a small portion of alkali, is dissolved in nitric acid, precipitat'd by am- 
monia, washed with water containing a little sal-ammoniac, ignited in a stream of 
hydrogen, and weighed. 

A similar method 8 erv< 3 a for the sepanition of phosphoric acid from the oxidcH of 
chromium. The chromic oxide, which remains uiidissolved after tho alkaline phos- 
phates, &c. have been washed out, likewise retains a small quantity of alkaline salt, to 
free it from which, it must be fused with nitre and sodic carbonate, and the resulting 
chromic acid precipitated by mercurous nitrate, or reduced to chromic oxido by any of 
the methods described under Chromium (i. 944). 

From yttria, thorina, and tho oxides of cerium, lanthanum, and dicly- 
mium, phosphoric acid is easily separated by adding oxalic acid or oxalate of aiu- 
monium to tho nearly neutralised solution of the phosphate in nitric, hydrochloric, or sul- 
phuric acid. The metal is then completely separated as oxalate, and the phosphoric acid m&j 
be precipitated from the filtrate as ammonio-magnesian phosphate. The treatment with 
nitric acid and metallic mercury may also be applied to the separation of phosphoric 
acid from these bases, as well as from glucina and zirconia. 

From alumina, phosphoric acid is most easily separated by means of citric and, 
ammonia, and a magnesium-salt, as already described (p. 547). An older mode oi 
separation, proposed by Be rzeliu s, is to ignite the aluminic phosphate witli 2^ pts. oj 
finely-divided silica and 6 pts. of sodic carbonate. The ignited mass (which does not 
fHise) is digested with water, which dissolves sodic phosphate and carbonate, and a 
small quantity of sodic silicate, leaving the alumina and the greater part of the silica 
undissolved; the filtered solution is mixed with excess of hydrochloric acid, and 
rated finally over the water-bath, to render the silica completely insoluble ; 
is boiled with water ; and the phosphoric acid precipitated from the filtered liqui a 
ammonio-magnesian phosphate. The insoluble residue containing the alumina 
treated with hydrochloric acid and evaporated to dryness ; the residue is j 

with hydrochloric acid, boiled up with water, and filtered to separate the silica , 
the alumina is precipitated from the solution by ammonia or carbonate of 
A modification of this method, proposed by Fuchs, consists in 
phosphate in caustic potash, adding silicate of potassium (soluble glass) sna 
wWeby all the alumina is precipitated as silicate of aluminium and potassiu»» 
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phosphate of potassium romains in solution. From this solution the phosphoric acid 
is precipitated as an^onio- magnesian pliosphate, and the precipitated silicate is treated 
^ above for the datsiB$ination of the alumina. 

From baryta., phosphoric acid is most easily separated by treating the solution of 
tho compound in hydrochloric acid with sulphuric acid, which precipitates the baryta ; 
from fltrontia in like manner, with addition of alcohol. 

From lime, phosphoric acid is easily separated by preeipitating tlio base as oxalate 
from the solution of the phosphate in acetic acid, or in hydrochloric or nitric acid mixed 
with acetate of sodium or ainmoniuin; from magnesia by fusion with an alkaline 
carbonate, &c. (p. 546), phosphate of magnesium being completely decomposed by this 
treatment. ^ ^ 

When lime and magnesia occur together as phosphates, as in bone*earth and 
plant-ashes, the substance may be dissolved in hydroeliloric acid ; the lime precipi- 
tated by oxalate of ammonium as above ; and the filtrate treated with excess of am- 
monia, which throws down a precipitate of aminonio-megiiCHian plio-sphate, leaving 
.1 solution still containing pihosphoric acid or magnesia, aceonliug as one or the other 
is in excess. In the former case the phosphoric acid is precipitated by addition of a 
magnesium-salt ; in the latter, the magnesia is precipitated by addition of a soluble 
phosphate. 

Such mixtures or compounds may also he analysed by treatment with nitric acid and 
metallic mercury, but not by precipitation with solution of Tnercurous nitrate (p. 616), 
because a certain quantity of calcic phosphate is always precipitated at the same time. 
Fusion with an alkaline carbonate is not applicable to them, because phoafjhate of cal- 
cium is but very imperfectly d<*comjioa(‘d thereby. 

From the alkali.s, phosphoric acid may be separated by precipitation with acetate 
ef lead. I'he precipitated phosplmte of lead must be welgljed wlien dry, the quantity of 
lead contained in it dotf nnined, and thence tho quantity of phospljcric acid may be cal- 
culated. The solution containing the alkalis and the excess of h ad-salt is treated with 
carl 10 11 ate of ammonium to precipitate the lead; the filtrate is then acidulated with 
eiilpliurie or hydrochloric acid; and the alkalis are estmiabsl as sul])hates or chlorides. 

The .separation is, however, more easily effected by m»*aiis of nitric acid and metallic 
mcivury, especially in the ca.se of the lithium-pho.sphates, whicli are but slightly 
t^olublo in water. The same method is also tho best adapted for analysing the iii- 
fiohdde coTrqjound.s wliieh the alkaline phosphates form with those of calcium and mag- 
iiCHiiini. If alumina is also present, it is as already observed, to adopt the method 
of sopuration by means of carbonate of barium (p. o47). The method of separation l>y 
ceric salts might also be applicable to such mixtures (p. 545). 

When all the pho.si)horic acid in an alkaline phosphate is in the state of orthophos- 
phoric acid, it imiy be completely separated by the easier mode of pri'Cipitation with a 
Kolutioii of mercurous nitrate. 


Separation of Phosphoric Acid from other Acids, 

From sulphuric acid, phosphoric acid is easily separated by precipitating the 
former as sulphate of barium from an acid solution ; if, however, metapliosphoric acid 
is itrcKcnt, it must first be converted into pyro- or orthophosphoric acid, otherwise the 
separation will not be complete. 

From seleniou s acid, phosphoric acid is separated by preeipitating the selenium 
W’ith sulphurous acid ; the phosphoric acid may then be prec*i]utated from the filtrate 
as amnionio-magnesian phosphate. If selenic acid is pre.sent, it must first, be re- 
duced to selenious acid by means of hydrochloric acid. Precipitation with banum- 
salts does not effect complete precipitation. (See Selenium.) ^ • j r 

The same method senses for the separation of phosphoric acid from the acids of 
tellurium. 

From hydrochloric, hydrobromic, and hydriodic acids, phosphoric acid 
is easily separated by precipitating the former acids with nitrate of silver in aeia solu- 
tion, The phosphoric acid may be precipitated from the filtrate as triargcmtic phM- 
phate, by careful neutralisation with an alkali; or, better, tin; excess of silver may be 
rt'inoved from the solution by hydrochloric acid, and tho pho.sphoric acid then precipi- 
tated as ammonio-magnesian phosphate. . • i ^ 

Respecting the separation of phosphoric from hydrofluoric acid, see Fluorine 
(u- 676). ® ^ ^ 

From boric aci d, phosphoric acid may bo separated in several ways a. The phos- 
Paorie acid may first be thrown down ammonio-magnesian phosphate, 

determined in the filtrate by the methods specially adapted to it (i. 

^ solution of a phosphate and a borate in hydrochloric or nitric acid is treatef wi 
^^arbonatc of barium, whereby the phosphoric acid is precipitated as phosphate of 
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barium) while the whole of the boric acid remains in solution. Thai inode of separaf 
is not, however, quite exact, as phosphate of barium is not completely insoluble 
l|<juid containing boric acid. — 7. When the two acids exist iA solution in coiS * 
liation with alkalis alone, they may be separated by addition tif acetate of potassium" 
which throws down the whole of the boric acid as hydrollcLohorate of potassium 
(i. 633), leaving the phosphoric acid in solution. 

From silicates. — If the silicate is easily decomposible by acids, the whole of the 
phosphoric acid will be found in the acid liquid obtained by treating it with an 
acid, and filtering from the silica. If the silicate is free from alumina, it may be de- 
composed by nitric acid, the resulting liquid evaporated to ^yness over a water-bnth" 
the 8ilic#separated in the usual manner, and the phosphoric acid separated from the 
bases in the filtrate by means of nitric acid and metallic mercury. 

In silicates of aluminium containing no other base, plmsphoric acid may be separated 
by fusing the compound with an alkaline carbonate, and treating the product in the 
manner already described (p. 648), the weight of the silica being of course likewise 
determined. If the substance to be analysed contains large quantiti es of phosphoric acid 
and alumina in proportion to the silica, it will be necessary to add a quantity of finely- 
divided silica, in the proportion of about 1^ pt. silica to 2 pts. of the aluniinic phosphato. 
The weight of this quantity of silica must then be deducted from the total weight of 
that substance obtained in the analysis. But when, as is more generally the case, the 
silicate contains other bases, and especially lime, it must bo docompo.sed by an acid 
best with hydrochloric acid, the silica si;paratod, and its quantity determined in the 
usual way (see p. 548, also Silicon) ; and tho phosphoric acid and bases in the filtrate 
separated liy carbonate of barium in the manner already described (p. 647). 

Silicates undocomposible by acids must be fused with an alkaline carbonate, tho 
silica separated by hydrochloric acid, and the filtrate treated as above, according to tho 
bases present. If alkalis are present, they must, bo determined by a special analysis, 
the silicate being decomposed by hydrofluoric acid. (H. Rose, Traite dc ChimieAnaln- 
tique^ ii. 896.) 

For the methods of determining phosphoric acid and fluorine when they occur to- 
gether in silicates, see Silicates. 

FVom titanic acid. — Phosphoric acid forms with titanic acid an insoluble com- 
pound, which may bo decomposed by fusion with an alkaline carbonate. On tr'*ating 
the fused mass with water, an alkaline titanatc remains undissolved, while the alkaline 
phosphate dissolves. 

From molybdic acid, jihosphoric acid is separated by sulphide of aminoninm, 
tho molybdenum being dissolved thereby as trisulpliide, which may be precipitated by 
an acid. In the filtrate, the phosphoric acid is precipitated as ammonia-magneeisin 
phosphate. 

From vanadic acid, phosphoric acid is separated by solution of sal-ammoniac, in 
which v.anadate of ammonium is insoluble. The precipitate is first washed with water 
containing sal-ammoniac, thou with alcohol, and transformed into vanadic anhydride 
by careful heating. Tho phosphoric acid is precipitated from the filtrate as ammouio- 
magnesian phosphate. 


Metallic FhosiyJiatcs, 

Pliospliates of Aluminium, a. Metaphosphate^ A1*0".3P*0* and AV'T'O*.— 
Prepared by dissolving hydrate of aluminium in excess of aqueous phosphoric acid, 
evaporating, and heating the residue to 316®. It is a white anhydrous salt, insoluble 
in water and in concentrated acids. (Maddrell, Chem. Soc. Mem. hi. 373.) 

/3. Orthophosphates . — Hydrated orthophosphates of aluminium occur in many 
minerals often associated with other salts. Gibbsite, knlaite, peganite, fischerite, and 
wavellite are hydrated phosphates of aluminium, the last-mentioned sometimes also con- 
taining fluoride of aluminium ; amblygonite is a phosphate of aluminium, hthiiim, and 
sodium ; lazulite is hydrated phosphate of aluminium associated with ferrous and 
niagnesic phosphates. 

Orthophosphates of aluminium are produced by precipitating solutions of aluminium- 
salts with alkaline phosphates ; but the products thus obtained vary considerably in 
composition, according to the proportions of the acting solutions, the temperature at 
which they are mixed, and the extent to which the precipitate is washed ; IJ* 
precipitates also frequently retain portions of the soluble aluminium-salt or of tnf 
alkaline phosphate. 

Add salt ? — According to Ludwig, the precipitate formed by phosphate of strimn 
in a solution of alum, contains, in the anhydrous state, 8Al*0‘‘.9r*0^ A solution 0 
alumioic phosphate in aqueous phosphoric acid loaves on evaporation a gummy 
which melts to a colourless glass. 
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Jteutroi Al*0^.iP*0*.6H*0, or ArlPO’.SII’O (or with 4 at. or 41 at. H*0).— 
Pioduccd by completely precipitating a neutral solution of alum with excess of sodio 
orthopbospbate, best by gradually adding the aliim-solution to tlie soluble phosphate: 
j^lso when a solution^ of ftluminic phosphate iu hydrochloric acid is neutralised with 
{uninoiiiH, or precipitated with acetiite of sodium ; or when an alkaline solution of 
aluminic phosphate is neutralised with acetic acid. It i.s a white bulky precipitate, 
farming when dry a loose white powder, the amount of water in which apjiears to vary 
from 3 to 4A atoms. ^ Gihbsite^ from .Richmond, Mas.sachussetts, contains, according to 
Hermann s analysis (J. pr. Chem. xl. 32, xlii. 1 1, 3 7 •(>2 percent. phoa|)horic anhydride, 
26-66 alumina, and 35-72 water, agreeing nearly with the formula Al20^^*0^4H■^0, 
which requires 36‘63 per cent. 26‘4:2 Al-’O*, and 37-05 water. In uther^amples, 

however, Hermann found less phosphoric anhydride and more .alumina, probably 
arising from admixture of hydrargyllit.e (hydrate of aluminium, ii. 838). 

Basic salts.— a, A salt containing lOAlHdVloP'W, or Al‘-'()3.30Ar^^^ formed, 
according to Ludwig, by precipitating a solution of aluininic phosphate in caustic soda- 
ley with acetic acid, but it is most probably nothing but the neutral salt mixed with 
free alumina. 

h. 4A1*0\3P'-‘0M8H-^0, or 6ArP0^2AriP0M5aq.— This is said by Rammols- 
herg to bo the composition of the bulky precipitate formed by a»lding ammonia to a 
neutral solution of chloride of aluminium. It is more gelatinous and translucent than 
the precipitated normal phosphate; retains 15 at. water at Its composition 

appears, however, to vary according to the. quanlity of ammonia addial, and the time 
(luring which it is left in contact with the pa-ecipitate ; and, if dige.sfcd with excess of 
flunnonia for about 24 houi*8, it gives up piart of its acid, and is e(.)n verted into a hydrate 
ofthe.saU 2APOM«0\ 

i\ 3AP0^.2P‘0-M2Tr“0, or 4Ar'T0*.2ArTI^0^9aq. — This is the composition of 
V'dVillifc, a mineral occurring in trimetric crystals exhibiting the combination oop. 
al^ao . poo. Ratio of rniicrodiagonal, brachydiagonal, and principal axis == 1'4943 : 
1:0-7431. Angle ooP : ooP *= 126*25. Cleavage ratine jDerfecI, parallel to oop, also 
]);ii‘iillel to the bracbydiagorial. More frequently, howev('r, t ho rnimu-al forms hemisphe- 
1 ical or globular concretions, havdiig a radiate structure. Hardiu'ss — 3'25. 8pecitie gra- 
vity = 2-337 to 2-3G16. Lustre vitreous, inclining to pearly and n sinoiis. Colour white, 
ins!,ing into yellow, green, grey, brown, and black. Streak white. Translucent. Index of 
n traction == 1-52.-— When heated it gives off water, and sometimes also hydrofluoric 
:u iil ; colours the blowpipe flame a fliiut bluish-green ; swells up on charcoal, turns 
white, and exhibits the reactions of alumina. 

Analt/ses. 1. From Zbirow in Roheinia (Herm ann, J. pr. Chem. xxxiii. 288). — 
2. From Rarnstaplc iu Devonshire (Berzelius, Schw. J. xviii. 288; xxiv. 121). — 3. 
From Steamboat, Chester County, Pennsylvania (Genth, Sill. Am. J. [2] xxiii. 
4i:t). — 4. From Hungary : Kap^iiciic, specific gravity = 2 356 (Stadeler, Ann. 
( li. Pharm. cix. 305), 


Fluorine 



(I) 

1-69 

(2) 

206 

(3) 

truce 

( 4 ) 

Pliosplioric anhydride . 



34-29 

33-40 

34-08 

35*49 

Alumina 



36-39 

35 35 

36-67 

39*59 

Ferric oxide . 



1-20 

1-25 

0-22 


Water . . . • 



26-34 

26.80 

28-29 

24*92 

Lime .... 



99-91 

0-50 

99-36 

99-86 

100*00 


The formula 3A1*0» 2P20M2TP0 requires 35*14 per cent. PW, 38*13 APO>, and 26*73 
vater. Stadeler supposes the mineral to contain only 11 at. water. 

Berzelius and Hermann rogimi wuvellite as a definite compound of phosphate 
nnd fluoride of aluminium ; but the quantity of fluorine is so very variable, many- 
specimens containing only traces of it, and some none at all, that its prc.sence is 
probably only accidental. As the specimen from Barnstaple analysed by Berzelius 
contained lime, it was probably mixed wdth fluorspar. m j 

Wavellite occurs also at Amburg in Bavaria, at Langenstriegis near I^eiberg, and 
other localities in Germany ; also at Clonmel and Cork in Ireland ; in the Shaint islancw 
of Scotland; at Washington Mine, Davidson County, North Carolina; and at Villa 
Bica, Minas Geraes, in Brazil. , , , 

2AP0*.P*0*, or 2Al'"P0*.Al’0*.-~This compound appears to be produced, as 
already stated, b-y the prolonged action of ammonia on the salt and occurs in com- 
huiation with 6,"^ 6, or 8 at. water in the minerals turquois or kaiaite, pegamto, and 

fiw*herite. 

Twtomis or Kaiaite, 2A1*0*.P*0**5H*0 or AFTO*. Ar"IPO*, aq., also called agaphiU 
tho Biroicsa of the Persians, and (probably) the callais of I liny, is rcniform, 



652 PHOSPHORUS: OXIDfiS AND OXYGEN- ACIDS. 

or incrusting, with no cleavage; badness — 6; specific gravity 2*6 - 2*683. 
rt has a somewhat waxy lustre, dull internally; a peculiar .bluish-green colour, and 
white streak; is feebly subtranslucent or opaque, and has a small conchoida 
fraQjture. When heated it decrepitates strongly, giving off water and turning black 
Before the blowpipe it does not swell, but becomes brown and vitreous, and colours the 
inner flame green. With fluxes it gives the reactions of iron and copper. It is 
soluble in acids, and, according to Hermann, dissolves in water after fusion ivitii 
potash — the several varieties, however, all leaving more or less insoluble residue. An 
analysis by Hermann of a blue oriental tiirquois gave 28*90 per cent, phosphoric mihy- 
dride, 47*46 alumina, 2*02 cupric oxide, 1*10 ferric oxide, 0*60 manganic oxide, linie 
and 18*18 water, whence the mineral appears to consist essentiaUy of 2Ar'O».P‘^0^r)H*() 
mixed with phosphates of calcium, copper, &c. A green oriental turquois (specific 
gravity 2*621) was found by Hermannto contain only 6*64 per cent. F-XP, uml 
was evidently a mechanical mixture containing but little real turquois. Turtjuuis 
occurs in a mountainous district in Persia, not far from Nichabour ; a less pure variety 
is found at Jordansmiihle in Silesia, and at Oelsnitz in Saxony. It receives a good 
polish, and when finely coloured is highly valued as a gem. I'he occidmtal or bone 
turquois is said to consist of fossil bones or teeth coloured with oxide of copper. 
(Dana, ii. 405.) 

PeganitSy 2AP0M^0®.6H20 or 2(ArTO^Ar'IFO*), is a green or white mineral 
occurring at Striegis in Saxony, in small rhombic prisma of 127°, with tlie acute lateral 
edges truncated; hardness = 3 — 4 : specific grsivity =s 2*49 — 2*64. Contain.'!, accor- 
ding to Hermann (J. pr. Chem. xxxiii. 287), 30*49 per cent, pihosphoric anhydride, 
44*49 alumina, and 22*82 water. 

Fischerite, 2AF0*.P*0*.81P0 or 2(ArTO«.AriPO»).5aq., occurs atNischneTapil.sk, 
in colourless rhombic prisms of 118° 32', or dull green masses of specific gravity 2 -If) ; 
behaves like turquois before the blowpipe, but is not readily dis.solved by any acid 
except sulphuric acid. Gives by analysis 29*03 phasphoric anhydride, 38*47 aliMuina, 
and 27*50 water, together with 1 *20 ferric and manganic oxides, 0*80 cupric oxide, and 
3*00 cupric phosphate and gangue, (Hermann, loc. cit.) 

All the phosphates of aluminium bear considerable re.soniblance to alumina, both in 
the hydrated and in the anhydrous state. The x.>rocipitated phosphates are gelatinous 
iQuiwei^ which dissolve easily in acids and in cau.stic fixed alkalis, and are precipitated 
'franj. their acid solutions by ammonia, carbonate of ammonium, or sulphide of ani- 
mhlihtli, and from the alkaline solutions by chloride of ammonium, in their original 
state, without loss of phosphoric acid. Hence the distinction bt^Lwoen hydrate and 
phosphate of aluminium, and the separation of phosphoric acid from alumina, present 
considerable difficulties. The methods of detecting and separating the phosphoric aoid 
have been already described, viz. : Precipitation by a magne.sium-salb from a solution 
of the aluminic phosphate in citric acid containing ammonia and chloride of atnmo- 
iiium ; precipitation by mercurous nitrate from a solution in nitric acid neutral i-std by 
potash r l^Gcipitation by molybdate of ammonium, uranic salts, or ceri(*. salts, from 
slightly; ^id or neutral solutions ; ignition with silica and carbonate of sodium 
(pp. 646—649). ^ 

7. Pyrophosphate of Aluminium^ 2Al''*O*.3P*OM0lPO = Al‘*P®O*M0H“0 
(dried at 110°). — Produced by precipitating an aqueous solution of sublimed chloride of 
aluminium with {lyrophosphate of sodium, 4 AlCl* + 3Na*P*0’ = APP®0** + TiNaCl. 
It is a white amorphous precipitate exactly resembling hydrate of aluminium, insoluble 
in water and in acetic acid, soluble in other acids, even in sulphurous acid, and separating 
again from the last-mentioned solution on boiling. It is distinguished ifrom the ortho- 
phosphate by being soluble in ammonia as well as in potash ; but when its solution in 
any acid is supersaturated with ammonia, the whole of the aluminium is precipitated 
as a basic salt no longer soluble in ammonia, while part of the pyrophosphoric acid re- 
mains in solution. (Schwarzenberg, Ann. Ch. Pharm. Ixv. 2.) 

Pliosplia.tes of Ammoniunia «. Metaphosphate s . — Tli e nionometaphosphaif^ 
NH*PO*, is formed when the dimetaphosphate is heated for some time to 200'^ — 260 . 
It is nearly insoluble in water. (Fleitmann.) 

The dimetaphosphate^ (NH^)*P*0®, is produced by the action of sulphide of ammo- 
nium containing a little free ammonia on the corresponding copper-salt (p. 539), an 
separates from the filtrate on addition of alcohol, in monoclinic prisms. It dissolves 
in 16 pts. water, either cold or hot ; may bo heated to 300° without loss of ammonia, 
aud when kept for some time between 200° and 250°, becomes ^aque withou 
alteration of weight, and is converted into the monometaphosphat^. (Fleitmann.) 

The hexmetaphosphatet (NH*)*P*0*" (Graham’s salt), is obtained by saturating ae i* 
quescent meta^osphoric acid with ammonia and evaporating. , 

The orthopho»phatit of ammonium, (NH‘)H»PO*, (NH*)*HP0', 
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(NB')*!*®*' dewaibed ritider Akuoniacai:. Salts (i. 193). Th« 

specific “ VI?* (®chlff, Jahresb. 1869, p. 16), of the second 

1-678 (Buignet, tbuL 1861, p. 16). An orthophosphate ofammonium and aluminium 
occurs as a white earth in a volcanic grotto in the Isle of Bourbon. 


y, p^ropho8j^hate8.^The neutral salt, (Nn*yp^O\ separates on adding alcohol 
to the aqueous acid supersatumted with ammonia, in small acicular laminae adhering to 
the sides of the vessel. It is easily soluble in water, fomiing an alkaline solution 
which gives otF ammonia when heated, and forms acid pyrophosphate of ammonium, 
but no orthophosphate ; the latter is produced, on the other hand, by boiling the solu- 
tion with excess of ammonia. 

The acid pyrophosphate, is obtained in crystals by adding alcohol to 

a solution of the neutral salt mixed with alcohol. Its solution is not altered by 
boiling. (Schwarzenberg.) 

phosphates of Barium, a. Metaphosphates. — Maddrell’a 
of barium is obtained by evaporating a solution of barytic carbonate in excess of meta- 
phosphoric acid, and heating the residue to 316®, as a wliite powder which is not 
altered by the action of dilute acids, but is decomposed by warm concentrated sul- 
phuric acid. It is not decomposed by digestion with an idkaline carbonate, and therefore 
the particular modification of metaphosphoric acid wdiich it contains cannot be deter- 
mined with certainty (p. 639). 

The dimetaphosphatc, Ba"P^0*.21i*0 (air-dried), separates in crystals on adding 
chloride of barium to a solution of the corresponding sodium- or ammonium salt. It is 
very slightly soluble in water, is not decomposed by boiling with hydrochloric or nitric 
acid, but readily by .strong sulphuric acid ; when digested with aqueous carbonate of 
sodium, it is converted into dimetaphosphate of sodium. It does not give off its water 
at 150°, but at a red heat it becomes anhydrous w'itliout melting, anti then no longer 
contains diraetaphosphoric acid, but becomes insoluble in water, and is not decom- 
post'cl by carbonate of sodium, 

The trinictaphosphate, Ba^P®0'“.6lP0, is produced on mixing a solution of 1 pt. of 
the corre.sponding sodium-salt in 10 to 1»5 pts. water, with a nearly saturated solution of 
2 or 3 pts. eliloride of barium. On leaving the liquid (filtered, if necessary) to Itself 
fora while, the salt separates in beautiful monoclinic pri.sms, which give off two-tbirds 
of Ihoir water at 100®, and the remainder, with intumesceiico, at a higher temperature. 
At a red heat it becomes insoluble in acids, but docs not fus(*. The unignited salt is 
somewhat more soluble in water than the dimetaphospliate, and when digested with 
carbonate of sodium yields trimetaphosphate of sodium. 

The hex'metaphosphate is obtained by precipitating the corresponding sodiam-salt 
(Graham’s vitreous sodium-mefaphosphate) with chloride of barium, as a gelatinous 
precipitate becoming translucoiit and brittle when dry. It is insoluble in pure water, 
and in water containing sal-ammoniac, easily soluble in nitric acid. When heated, it 
gives off water without complete fusion, and is afterwards but sparingly soluble in 
nitric acid. It is decomposed by prolonged boiling with water, being converted into 
au acid met;ipho.sphate, which gradually dissolves. 


Orthophosphat es. — 1 . The monoharytic salt, Ba'TI*P*0®, prepared by evaporat- 
ing a solution of the di- or tri-barytic salt in aqueous phosphoric acid, is white, 
(mtalline, apparently triclinic according to Erlenmeyer, permanent in the air and 
lias a slightly sour taste. It dissolves without alteration in dilute acids, but is decom- 
posed by water into free phosphoric acid and the neutral salt. 


2. The dibarytio salt, Ba*H*P*0®, is obtained by double decomposition as a scaly, 
frystalUno precipihite, soluble in 20,«)70 pts. of water at 20°, somewhat inore soluble 
in water containing chloride of barium, chloride of sodium, or ammoniacal salts ; 
according to Ludwig, it dissolves in 4362 pts. water containing 1*2 per cent, chloride 
of sodium or 0’8 per cent, chloride of batium; addition of jniro anvmonia renders it 
less soluble. It dissolves easily in dilute nitric or hydrochloric acid, less easi^ in 
acetic acid, of which it requires 400 pts, of specific gravity 1‘032 to dissolve it. Frc^ 
the solution in nitric or hydrochloric acid, ammonia added in excess throws down the 
Wbaryticsalt (Berzelius) or a salt intermediate between the di-and tri-barytic salts. 

precipitates also contain chloride or nitrate of barium, and a small qujintity of 
JJimoniacal salt, while neutral phosphate of ammonium remains in the wash-water. 

(budwiw. Wo ekenroder ^ 

. A salt having the composition 3H*0 = Ba"H*I»0«.Ba»jr‘P0«.3H»0, 

JWsrmediate between the mono- and dibarytio orthophosphates, is formed by precipi- 
a solution of the dibarytic salt with alcohol. , 

^ solution of dibarytic phosphate in nitric acid yield.«, on addition of ammonia, a 
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pTecipitate consisting of barytic pho8^)hato-nitrate, which, whp 

Ignited, leaves a mixture of di- and tri-baiytic phosphates. (Wackenrodep.) ^ 

3. The triharytic salt^ Ba*P*0".H*0, is formed by precipitating chloride of barium 
with trisodic phosphate, or with disodic phosphate mixed with ammonia, and 
separates as a heavy granular powder, the supernatant liquid remaining neutral 
It gives off water, but not the whole, at 200®, and docs not absorb carbonic acidfroiu 
8Sie air. ' 

A solution of this salt in aqueous phosphoric acid evaporated on the water-bath 
deposits a crystalline powder, and if it be then heated to boiling and filtered the 
filtrate on further evaporation yields the monobarytic salt in (apparently triclinic) 
crystals ; but if the original solution be at once heated to boiling, it deposits crystalline 
granules of the dibarytic salt, Ba®H®P'*0*, while tlie motlior- liquor retains a barytic 
phosphate containing lat. barium to 6 at. phosphorus. (JErlcnrney er, Jaliresb. 1857 
p. 145.) 

A saturated solution of tribarytic phosphate in hydrochloric acid, if evaporated 
and left to cool, deposits crystals of chloride of barium, the mother-liquor, after 
repeated crystallisation, containing a larger and larger proportion of monobjirytic 
phosphate; and if, after all the chlorine has boon separated as chloride of barium, 
more hydrochloric acid be added, in quantity at least half as great as tliat originally 
present, the whole of the barium may be separated as chloride and pure phosphoric 
acid obtained. If the solution of tribarytic phospliate in hydrochloric acid be 
evaporated at the boiling heat, shining needh's form in the liquid, and, if sepurated 
by decantation, immediately crumble to a crystaUiiie powder. A solution from whii-h 
these crystals had separated, yielded, when mixed w’ith a quantity of water sufficient to 
redissolve them completely, and, exposed for several months to a summer heat in a 
vessel covered with filter-paper, hard well-defined crystals of a pho^jhato-cMoride, 
4(Ba"H*P*0®).Ba"CR (Erlenmeyer, Jahresb. 1857, p. 147.) 

A salt intermediate between the di- and tri-barytic phosphates, and containing 

Ba®P®0*.Ba*H*p20® or Ba*n*P^O*® is formed on mixing a solution of the dibarytic salt 
in hydixichloric acid with a quantity of ammonia exactly sufficient to precipitate it. 
(Berzelius.) According to Imdwig, a solution of dibarytic phosphate in hydro- 
chloric acid yields on addition of ammonia a yhos'jphato-ohloride of hariuni containing 

3B>P'0“‘.Ba"CP.3H‘*‘0. 

y. Pyr op hasp hat — Pyrophosphoric acid precipitates baryta-water, 

but not barium-salts; these salts, however, form with pyrophospbato of sodium, a 
white, amorphous, pulverulent precipitate of barytic pyrophosphate containing 1 ut. 
water at 100° according to Schwarzenborg, 2 at. according to Gerhardt. It is 
Bjiaringly soluble in water, aqueous pyrophosphoric acid, and aqueous sulphurous acid; 
more soluble in hydrochloric or nitric acid ; not perceptibly soluble in acetic acid, in 
water containiiig-sal-ammoniac, or in excess of sodic pyrophosphate, of which, however, 
it takes up a certain quantity. 

PliosplUi.te8 of Blsmutli. a. Metaphosphate. — Trioxide of bismuth fused 
with excess of phosphoric anhydride, forms a clear glass, which on slow cooling with fre- 
quent stirring, yields a crystalline salt, apparently consisting of tetrametaphosphste 
of bismuth. It is insoluble in water, and is decomposed by sulphide of sodium, forming 
a tenacious mass probably containing tetrametaphosphato of sodium. 

A solution of bismuth-nitrate mixed with metaphosplioric acid and then with 
ammonia forms a precipitate insoluble in excess of ammonia. (Persoz.) 

P. Orthophosphates, — ^Precipitated by nitrate of bismuth from a solu- 

tion of orthophospiioric acid containing nitric acid, but free from hydrochloric or sul- 
phuric acid (Chancel, Compt. rend. 1. 416; Jahresb. 1860, p. 622). The same salt 
containing § at. water is formed, according to Kiilm, by digesting crystallised bismuth- 
nitrate with ordinary phosphate of sodium. 

y. Pyrophosphate. — 2Bi‘0*.3P*0* or bVP” 0**, Obtained by precipitation in the 
same manner as tne orthophosphate. (Chancel.) 

Pliospliates of Cadmium, a. Metaphospha tea. — ^When oxide of cadmiu®^ 
fused with phosphoric anhydride, an insoluble salt separates, which when decompos 
by sulphide of alkali-metal yields a tetramdaphoaphate (Fleitmann). l^itrateo 
cadmium mixed with metaphosphoric acid and then with ammonia, forms a 
which dissolves in excess of ammonia, but separates again as Ithe axnmonia evspoxa 

^ /9, Orthophosphate, di»P*0®;— Obtained precipitating a neutral solution of® 
cadmic salt with disodic orthophosphate, as a white insoluble powder, which melts 
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glass. According tcy Kiihii, the precipitate sometimes consists of s mix- 
of di- and tri-cadmic salts. 

Pyrophosphate, Cd*P*0’.2H*0 (at 100®). — This salt is obtained by precipitation 
as a white amo^hous heavy powder, which dissolves in sulplmrous acid and separates 
in nacreous laminffi on boiling the solution. It is insoluble in water and in potash, 
goluble in acids, in ammonia, and in excess of sodic pyrophosphate, whence it is preci- 
nifiUxl by sulphide of ammonium. When ignited in hydrogen, it gives off a littls 
ihosphorous anhydride and pliosphoretted hydrogen, yields a small sublimate of 
cidmium, and leaves a white saline mass still containing phosphoric acid and oxide of 
cidmium. (Schwarzenberg.) 

plioaplio-*®*. of Calolum. o. Metaphosphates . — The mono7netapho8phaie, 
CaT®0*, is obtained by dissolving carbonate of calcium in ortliophosphoric acid, then 
craporiiting and heating the residue to 316°, as an insoluble white powder, which is 
not altered by water or dilute acids, but is decomposed by strong sulphuric acid 

add re 11). It is not decomposed by alkaline-carbonates, so that its acid cannot be 
transferred to other bases. (F 1 o i t m a n n. ) 

Pimetaphosphate of Calcium, Ca^P^O’* 411*0, is obtained pure and crystalline by 
precipitating the corresponding potassium- or sodium-salt with excess of chloride of 
calcium. It is insoluble in water, and is but slightly attacked by strong hydrochloric or 
nitric acid ; but strong sulphuric acid decomposes it completely when heated with it. 
It gives off all its water at a red heat ; the ignited salt no longer contains 
dimetaphosphoric acid, and is not decomposed by digestion with alkaline carbonates. 
(Fleitmann.) 

pimetaphosphate of Calcium and Ammonium, Ca''(Nn^)*P*0**.2H'*0, is obtained in 
spicular crystals by mixing a solution of calcic chloride with excess of the ammoiiiuin- 
biilt Jiud adding alcohol. It is insoluble in water, reacts with acids like the pure 
calcium-salt, and does not give off all its water till heated to redness. The precipitate 
formed by chloride of calcium and dimetaphosphato of aminoniiim always contains 
ammonia, even when the chloride of calcium is added in excess. (Fleitmann.) 


/3. Orthophosphatesof Calcium. — 1. The mo7iocah:ic salt, CaTPP’0*,i8produccHl 
by dissolving the di- or tri-calcic salt in aqueous phosphoric, nitric, or hydrochloric acid, 
and crystallises on evaporation in small laminm or scales containing 1 at. water. It 
has a strong acid reaction, becomes moist and greasy when exposed to the air, and 
dissolves readily in water, forming a solution from which alcohol precipitates a 
mixture of mono- and di-calcic orthophosphates, or a salt of intermediate composition 
containing Ca'n»»P*‘0*^ = 2CaH<F*0«.Ca*H*P-0» (Perzelius) or Ca^IPP^O'® = 
CiiHTWCa®H*P*0* (Raewsky). According to Erlenmeyer (Jahresb. 1857, p. 
lir)), the crystals of monocalcic pho.sphute are decomposed by cold water into dicalcic 
ortliophospliato which separates, and a hyperacid salt which remains in solution.^ 
Monocalcic phosphate melts "when heated, giving off all its water, and leaving an 
insoluble metaphosphate. When ignited with charcoal, it gives oil carbonic anhydride 
and phosphorus, and leaves a residue of tricalcic phosphate (p. 500). » 

Compounds of monocalcic phosphate with chloride of calcium are obtained by 
evaporating a solution of tricalcic phosphate in hydrochloric acid (p. 657). 

An impure mixture of monocalcic phosphate and gypsum, sometimes mixed 
organic matter, is much used as a manure, under the name of “superphosphate of lime 
or “disintegrated bone-ash it is prepar^ by mixing the ground bones either raw or 
burnt with 5 to 10 per cent, sulphuric acid. (See Richardson and Watts Chemieal 
Technolog f/, i. [4] 262.) 

2. Dicalcic orthophosphate or neutral phosphate of calcium, Ca-H^P^O^, is fomed by 
precipitating chloride of calcium with an alkaline orthophosphate, especMally when tJie 
solutions are slightly acid. The precipitates thus formed vary in their amount ot 
Water, and are crystalline or amorphous, and more or less soluble in acids, a^ording to 
the manner of the precipitation ; they often also contain admixed tricalcic phosphate. 

fl. Tetrahydrated, Ca*H*P*0» 4H*0.— A salt having this composition is the principal 
constituent of certain ovoid concretions found in the softened ureters and tec oaca o 
hie stui^eon (called Bdugenstdne in German, from the Russian name o e 

ft is formed when a solution of an alkaline orthophosphate * 

Wlution of chloride of calcium (Raewsky), and may be obtained 
cipitati^ chloride of calcium with excess of disodic orthophosphate, 

wsetic acid, and leaving the solution to itself, or by pouring the solution of 
^jcic ehioride into a solution of sodic phosphate mixed with a 

accouding to Perevi by completely precipitating chlorid« of calcium with a 

solution of sodic phosphate, and passing carbonic acid into the h quid 
portion of the precipitate IS dissolved; the filtered hquid lett to itself m a loosely 
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covered vessel deposits the salt in rhombic plate8l> Wh a solution of ehlo *1 
calcium is precipitated by a slight excess of ordinaiy sodic phosphate — the solution 
the precipitate divided into two equal parts — to one portion just enough nitric or h 
chloric acid added to effect solution without thS^ aidof heat —the pthe^ portio 
added-- 7 and the whote allowed to stand quietly for 48 hours— the Amorphous prtdo t * 
of dicalcio phosphate increases rapidly in density, and is gradually converted into f 
vhite scales, which, under the microscope, present the appoamnee of thin tab l ^ 
rhombic prisms, with tho acute prismatic ed^es gonerall^ truncated, so tliat tlio crvsi! 1 
have the appearance of irre^iir six-sided tables. The salt thus formed has th 
composition above given : it is decomposed by boiling in water, and becomes bulk 
opaque, and indistinctly crystalline; the supernatant liquid ^tnjngly reddens 
(Bodeker, Ann. Ch. Pharm. Ixix. 206). The same hydrated salt is likewise obtaine(! 
in rhombic tablets by allowing a solution of di sodic phosphate to diffuse slowlv 
chloride of calcium. (D rover man n.) ^ ^ 

Tetrahydrated dicalcic orthophosphate does not lose weight in vacuo at ordinan 
temperatures, but when heated to 150® it gives off all its water, according to Bddcktr 
according to Percy, it gives off 2 at. water at 140°. 

b. l^ihj/drated, Ca'‘*H*P*0‘*.3H2O. — This hydrate separates in right rhombic crystab 
%hen limestone is subjected to the action of phosphate of ammonium and carhiuii 
acid (Becquerel), and is obtained as a crystalline precipitate when a solution ol 
sodic phosphate is dropped into a large excess of calcic chloride (Berzelius); also 
according to Kaewsky, wdien the solution of calcic chloride is added to the sodic nhoa! 
phatxs. It gives off all its water at a red heat. 

Dicalcic orthophosphate is nearly insoluble in cold water, and is resolved by boilinp 
with water into insolnble tricalcic and soluble monocalcic phosphate. The preeipitatoci 
salt dissolves to a slight extent in excess of chloride of calcium, but is reprecipitated or 
addition of ammonia. It is somewhat more soluble in water containing a srnal 
quantity of chloride of sodium, am mouiacal salts, starch, or gelatin, than in ])ure water 
It dissolves readily in nitric and hydrochloric acids ; acetic acid likewise dissolves it 
but with some difficulty when it is dense, or when it has been precipitated hy excess o 
sodic phosphate ; the solution thus obtained, when left to itself, soon depo.sits the* sail 
in crystals; if, on the contrary, the chloride of calcium was in »*xce.ss, the sail; di^ssolvci 
more easily in acetic acid, and the solution remains perfectly chair. The salt dissolve! 
also in other organic acids and in carbonic acid. The acid solutions react with alkalii 
just like solutious of the tricalcic salt. Sulphuric acid decomposes it completely. 

3. Tyipatoio orthophosphate or Neutral phosphate of calcium y CaP*O''or3Ca''0.P*0*.- 
This salt boctira combined with chloride and fluoride of calcium in apatite (i. 348), anc 
pure in Osteqlite (iv. 247). It forms the chief constituent of the inorganic part of bones 
(L 622); at all events, the precipitate formed by dissolving bone-ash in nitric aekl anc 
precipitating with excess of ammonia has this composition ; the bones of inmiy animals 
during life, perhaps, conraiju somewhat less lime. Bone-ash contains about four-fifths oi 
its weigh^f tricalcic phosphate, the remainder consisting of phosphate of magnesiuir 
and carboiKto of calcium ; tricalcic phosphate likewise occurs in considerable quantity 
in the excrotneuts of carnivorous animals and in coprolites. Berzelius formerly 
that the phosphate of calcium contained in bone-earth was not pure tricalcio|i!jtof^t^ 
but that the ignited compound consisted of SCaO.P’^O* or 2Ca*P*0* ; ^ 

Tricalcic phosphate is obtained in the amorphous state by precipitating^lpbilde oi 
calcium with trisodie phosphate ; by slowly adding a solution of disodic ortnojifinsphah 
mixed with ammonia to a solution of chloride of calcium, the latter being Kept in ex^fij 
bv mixing chloride of calcium with less than the equivalent quantity <3; diSodic; 
phosphate, and precipitating with ammonia; or by treating. . dicaloc ortho^hpatm' 
with caustic potash or soda, which abstracts one-third of the acid^ 

3(ja'H«i»0* + 2KHO = 2da*P»0» + 2KIPPO* + 2H»0. 


The salt obtained by either of these proceises is a translucent gelkttnoua precipitlli 
which dries up to a white earthy powder. ^ ^ 

The salt is obtained in the crystalline state by heating dicalcic pyrophosphate 
water, whereby it is resolved into phosphoric acid and tricalcic phospliate> ii(j^^ 
separates in rectangular plates : . “ 

3Ca®P*0» + 8H»0 *. 2Ca»P*0® 

Dicalcic orthophosphate, heated ivith water to 280°, un^B 8lwl| €i¥ W|PM 
a^d less complete transformation, and the resulting 

The precipitated salt contains in the air-dried st^ 



PHOSPHATES OF CALCIUM. 557 

^’wlly escape at common temperatures; the salt dried at 100° still retains 1 at. 

Berzelius, the compound contains 2 at. water; after 
drying at 200 it is anhydrous. It is not decomposed by simple ignition, but wlicn 
heated to redness with si and charcoal, it gives off carbonic oxide and phosphorus 
(p 500), and is colciverted into silicate of calcium. 

'^Tricalcic phosphate is insoluble in pure water, alcohol, and ether, slightly soluble 
in water containing chloride of SQdium, ammoiiiacal salts, gelatin, starch, and other 
organic matters ; more soluble in water containing carbonic acid. A litre of water 
Batnriited with carbonic acid dissolves 0 663 grin, bono-earth, the greater part of 
which (0*500 grm.) separato.s on boiling. (Liebig.) 

Tricalcic phosphate .dissolves easily in nitric and hydrochloric acids, somewhat 
less easily in acetic acid_ and other organic acids. It is completely decomposed by 
excess of sulphuric acid, if not too dilute. A solution of potassic or sodic carbonate 
docs not decompose it in the cold, but partial decomposition talccs place on boiling or 
fusing the salt with an alkaline carbonate. Tricalcic phospliate dissolved in hydro- 
chloric acid is decomposed by ferric, uranic, ceric salts, &c., in the manner already 
described (pp. 544, 645). From a solution of the salt in nitric acid mixed with acetate 
of petassium or sodium, acetate of lead throws down all the phosphoric acid as phosphate 
of lead. From a similar solution the calcium is completely precipitated as oxalate by 
addition of oxalate of ammonium, the whole of the phosphoric acid remaining in 
solution, 4 , ,s . 

The salt 8Ca"0.3P*0MI‘^0 ■* 2Ca®P^0’‘.Ca®H2p*0", formerly supposed by Berzelius 
to exist in bone-earth, is generally obtained as a gelatinous precipitate when an acid 
solution of tricalcic phosphate is treated with ammonia not in excess. 

rhosjfhato-chlorides of Calcium. — Some varietie.s of apatite consist of 3Ca’*P-0’.Ca'’CP; 
in others the chlorine is wholly or partly replaced by fluorine. A compound of tricalcic 
phosphate with chloride of calcium is produced artificially by mixing the recently pre- 
cipitated dicalcic orthophosphate with chloride of calcium, and gradually heating 
the mixture to redness. Hydrochloric acid then escapes, and iIkj I’csidue still contains 
chloride of calcium, only a small portion of wliich can be dissolved out by water. 
Tlio exact coin jiosit ion of the residue has not been ascertained. 

Com})ounds of monocalcic orthophosp)hate witli calcic cliloridn are obtained by eva- 
norating a solution of tbe tricalcic salt in hydrochloric acid. A solution saturated and 
left to evaporate at common tempicraturcs deposits crusts made up of rhomboidal 
plates of tne salt 7Ca''II^P'^0*.Ca"CP.14H*0. The same solution evaporated over the 
waier-bath first deposits the dicalcic salt Ca*H*P*0®, and the filtrate, when further 
evupurated, yields first a small quantity of the phosphato-chloricle just mentioned, then, 
while the liquid is still warm, white scales having the composition Ca"H^P'0®.Ca"Cl*.H*O. 
The same salt is obtained by adding chloride of calcium to a solution of lime in 
phosphoric acid containing 2 at. CaO to 3 at. P'*0*, and evaporating. At temperatures 
helow 6°, this salt separates partly as above, partly in long needles containing 8 at. 
Water of crystallisation ; these, when kept in a closed vessel, are resolved at ordinary 
temperatures into water and the preceding hydrate. A cold Batiirated,^lution of 
dicalcic phosphate in hydrochloric acid yields, according to the extent tb which the 
^ftporation'is carried, various mixtures of salts, among which monocalcic orthophos- 
ai^^s to occur, but never pure. When a .solution of dicalcic oilhophosphato 
acid is saturated at ordinary temperatures with tricalcic phosphate, 
half the quantity of hydrochloric acid already contained in it, and 
at/ a very gentle heat, so far thatit begius to crystallise on cooling below 6‘^, 
thus obtained are very much like the first-mentioned phosphato-chloride; 
n»ve Ijhe composition 4Ca Ca"Cr‘*.8lPO and the liquid separated therefrom 
further evaporation, the salt Ca"H^P*0*.Ca"Cl*, with 1 or 8 at. wat(?r, accord- 
; to the temperature at which the crystallisation takes place. (Erlenmoyer, 
‘M857, p. 146.) 

^ pho^fMte with Ahminic Hydraj^, Ca*P'^0*.2Ar'TPO®. — A mineral having 

composition has lately been found occurring as a light, soft, w'hite powder in 
and fissures of a mass of quartz-eiystals, mixed with iron and copper pyrites 
W pyjy , coated with childrenite, from Tavistock in Dcvoiisliinj. Under the niicro- 
to consist of minute acicular cystals, tran.spareiit to translucent and 
I j|. glows and becomes opaque, and after ignition gives a 

of cobalt. It gives no colour to a borax bead (unless 
by analysis 30-36 per cent. P'O®, 36*27 Ca"0, 22*40 

above formula, or 3Ca"0 J«0‘ + 3H*0, requiring 
and 11*56 water. (Church, Chem. boc. J. 
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lineral, supposod to be a hydrated' calcio-aluminic phosphate, was found h 
ur (Instit. 1863, p. 77 ; Jahrosb. 1863, p. 930) in the diamond sand of 
rred in rounded pebbles containing 12*7 per cent, water. 


pre- 


A mineral, 

Bamour 
It occurred i 

y. "Pyrophosphate of Calcium^ Ca*P*0^— -Aqueous pyrophosphoric acid 
cipitates lime-water, but not calcium-salts. Chloride of calcium yields with pyroor^ 
phate of sodium a white amorphous precipitate of calcic pyrophosphate; and it 
precipitate is dissolved in a saturated aqueous solution of sulphurous acid ami th 
solution heated, the salt separatt's, as the sulphurous acid escapes, in the form of ^ 
crystalline crust, which floats on the surface of the liquid at first, but ultimiitely si 
at. the bottom. It is soluble to a small extent in water, insoluble in acetic acid a I 
solution of sodic pyrophosphate (Schwarzenberg). Like dicalcic orthophosphate 
it is more or less soluble in acetic acid, according as it has been precipitated from •’ 
solution containing excess of chloride of calcium or of the alkaline pyrophosphat! 
(Baer). It is easily soluble in nitric and hydrochloric acid, nearly insoluble in fvqmM)iis 
pyrophosphate of sodium. The erystaJline salt contains 4 at. water, at. of wiiioli 
are retained at 100° and 1 at. at 110°. (Schwarzenberg.) 

PliospliateB of Cerium. The only known phosphate of cerium is the triceroiis 
orthophosphate, Ce*P*0®, which occurs as a natural mineral both in the anhydrous 
and the hydrated state, and is formed artificially by precipitating a cerons salt 
with phosphoric acid or a soluble phosphate. The prendpitate is white, pulveru- 
lent when dry, insoluble in wat<^r and in aqueous phosphoric acid, slightly soluble iu 
hydrochloric and nitric acids. When strongly ignited in a charcoal-lined crucible it is 
neither fused or reduced, but merely cakes together. 

Anhydrous tricerous phosphate occurs in Cryptolite, and PkospkoccriU, asso- 
ciated in the latter, and probably also in the former, with the corresponding phonpliafi's 
of lanthanum and didymium ; also, together with phosphate of lanthanum (and pro- 
bably also of didymium), phosphate of thorinum, and a small quantity of plmsphate of 
calcium, in Monazite, 

Cryptolite was discovered by Wohler in the rose-coloured apatite of Arendal in 
Norway, from which it is separated by dissolving the apatite in nitric acid. The oryptolito 
is then left undissolved, together with microscopic crystals of magnetic irou-oro, horn- 
blende, and an unknown substance of a hyacinth-red colour, likewise containing cerium. 
The crystals of cryptolite are hexagonal prisms about a line in length, and of a wine- 
yellow colour. By exposure to a moderate heat, they undergo no change either in 
appearance or in weight. Specific gravity «=■ 4*6. Decomposed by strong sulphuric acid, 
the whole being reduced to a dry earthy mass. 

Phoaphocerite was discovered by Mr. ollive Sims in the cobalt -ore of Johannisberg in 
Sweden, of which it fbnns about the one-thousandth part. It remains when the oin 
after calcination is treated with hydrochloric acid for the purpose of extracting the l o- 
balt, as a greywh-yellow crystalline powder, associated with a small quantity of niiiiutn 
dark ciystals, which are strongly attracted by the magnet, and appear to con.sist 

of magnetic iron-ore and oxide of cobalt. The cry stals of phosphocerite, when exu- 
min^d by fhe microscope, present two forms — one an octahedron (not regular), the other 
a fbur-sided prism with quadrilateral summits; both forms appear to belong to the 
trimetric system. Hardness, between 6 0 and &*6 (Chapman, Ghem. Soc. Qu. J. 
164). Specific gravity = 4*78 (Wat ts). When exposed to the blowpipe flame it Autrefiea 
partially on thh edges and surface, tinging the flame at the same time slightly green. 
With the usual blowpipe reagents, it presents the reactions of cerium, imparting how- 
ever to the borax ana phosphate of soda glasses, when cold, a pale viol©t--blue tint, 
either owing to the presence of didymium or to the admixture of a small portion of the 
cobidt-ore. With borax and soft iron wire it produces a brittle phosphide of iron 
(Chapman). Oil of vitriol aided by gentle heat decomposes it, forming a pasty mass, 
which is soluble in cold water, with the exception of a small quantity of silica. 

Analyses: a. Cryptolite (W 6h\ or, Ann*, Ch. Pharm. Ivii. 268). — b. Phosphoemti 
(Watts, Chem. Soc. Qu. J. ii. 181). > 

a. b. 

Phosphoric anhydride . , . 27*37 29*33 

Protoxide of cerium, &c. . . . 70*26 66*66 

Protoxide of iron .... 1*61 2*70 Fe*0* 

Protoxide of cobalt .... . . ■ 

99*14 

Both these analyses agree approximately with the formuU 3peOiP*0 1 

whi^ requires 36*47 per cent. P*0* and 69*63 CeO. A elosi^ a^el^ent is scarce j 
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to be expected, inasmuch as the oxides of lanthanum and didymium, which exist in 
Urge quantity in phosphocente, and are probably also present in cryptolite, wore 
not separated from the cerous oxide Phosphuoerite is especially remarkable for tho 
large amount of mdymium contained in it. If this is also the case with cryptolite 
the% can be but little doubt of the identity of the two minerals, for the differmcei 
observed in the crystalline lorms cannot be regarded as important, or as quite distinctly 
made out, inasmuch as the crystals are merely microscopic. 

Hydrated tricorons phosphate has lately been found by Church(Chem. Soc. 

J. xviii* 269) in a crystallised mineral from Cornwall, occurring us a thin crust of 
very minute crystals, closely investing a quartzoso metrix. The crystals are go» 
nerally arranged in fan-like groups of single rows of prisms, having their faces 
of union parallel to the larger lateral prismatic planes. Sometimes th(> structure is 
almost columnar, or in radiating groups, iiresenting a drusy surtace. and in general ap- 
pearance somewhat like that of wavtillite. The crj'stals appeur to V)e rnonoelinie, and 
are prismatically developed. Tlio end-bice oPis usually an unmodified rhomlmid; some- 
times, however, its acute angles are truncated. Cleavage parallel to oP, very perfect ; 
the crystals are cleavablo also, parallel to a plane replacing the acute solid angles or 
acute prismatic edges ; also parallel to the larger lateral prismatic planes. The crystals 
are fragile, transparent to translucent, ^vith vitreous lustre, bright, pearly on the end- 
faees; colour pale smoke-grey inclining to tlesh-red ; streak and powder white. Tho 
crystals are doubly refractive. Hardness rather above 3; specific gravity approxi- 
mately = 3 14. The mineral licated alone in a tube Ixcomes opaque, mid gives ol? 
water, having a very faint acid reaction. In the outer blowpipe-flame it becoines red- 
dish, and then exhibits tlie difficult solubility of eryptolito. It melts and di.ssolvi'S 
completely in borax, forming in the oxidising flame ahead, which is opaline and orauge- 
yi'llow while hot, colourless or .slightly amethystine when cold. 

The mineral gives by analyses (mean) 14'93 per cent, pliosplioric anhydride, 61*87 
cproiis oxide, 6*42 lime, and 14*93 water, agreeing nearly with the fonriula 6Ce"0. 
Ca"0.2P^0® + 8H*0 or (f;Ce".iCa")*‘*P'^0*.4lP0, which requires 27*73 per cent. P*0*, 
62*73 Ce"0, 6*47 Ca"0, and 14*07 water. (Church, Chem. Soc. J. xviii. 260.) 

Phospbates of Cliromlum. — a. Chromic metaphospha f(\ Cr*0*,3P*0\ or 
Cr'"pao», 18 obtained as a green anhydrous salt, perfectly insoluble in water and in 
acids, by evaporat ing a solution of chromic oxide in excess of aqueous orthophosphoric 
acid, and heating the residue to 31G°. (Mad droll.) 

|3. Chro mo us ortho pho sp hate is a 1 due precipitate, formed on addi ng ordinary 
phosphate of sodium to the solution of cliromoiis chloride. It is easily soluble in acids, 
and turns green on exposure to the air. (Mobevg.) 

y. Chromic orthophosphate, Cr''TO^ — A solution of chn^mic chloride made els 
neutral as possible forms with phosphate of sodium a green precipitate, which tunis 
blue-black in drying. (Vauquelin; sec also Dowling and Plunkett, Chem. 
Gaz. 1858, 220.) 

When disodic orthophosphate is added by drops to a solution of cliroTne-a>um, but 
not in sufficient quantity to throw down .all the cliromiurn, a bulky precipitate is formed 
consisting of CVTO‘.6lHO, which, on standing, becomes dark violet and crystalline. 
The filtrate from this precipitate, if treated with a quantity of sodic phospliate sufficient 
to precipitate nearly all tho chromium, yield.s a pentahydrated salt, Cr P0^.6H*0, l^s* 
crystalline and soinewlnit lighter in colour than the preccMling. Ifi the solution of 
chrome-alum be added by drops to the solution of sodic pliosphate, a flocculent green 
precipitate is formed, consisting of a trihydrate, Cr^TOhSIHO. (Bam me Is berg.) 


5. Chromic pyrophosphate, 2CrW.3P20» = CrH^«0*'.— Formed by precipi- 
tBting a solution of crystallised chrome-alum with sodic pyrophosphate. At ordinary 
temperatures, a dirty red precipitate appears, but with a boiling solution a pale greeu 
precipiute is obtained. This salt is soluble in solution of sodic pyropliosphate ; in 
strong mineral acids ; in water acidulated with sulphuric acid, from which it is again 
precipitated in an amorphous state on boiling; and in solution ot Potash. At lOU it 
assumes a deeper green colour, but after ignition appears paler. The hydrate contains 
7 atoms of water. (S c li w a r z e n b e rg.) 

»bo.pl,atea of Cobalt, a. 

separates as a rose-red powder when sulphate of cotelt is heated mth excess 
orthopho^phorfiiftod to 316°. ^ It is insoluble in water and in 

by wa™ stlpMc acid, scarcely acted upon hy sulphide of ammonium. (Mad 

’^^MicmtUtpliotphats is obtained by precipitating chloride of cobalt 
Pkste) with Zo^^nding sodium-sall The precipitate is reA ®nd “ converted 
h agitation 4nto oily drops soluble in excess of the sodiura-salt. (U. Bose.; 
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jS. Orthophosphate. Co*F*0*8H*0.— Obtained by treating a cobalt-salt u-n, 
disodio orthophosphate, as a reddish-blue flocculent precipitate, which dissolve ’ 
excess of the cobalt-salt, forming a red solution, which yields on boiling a reel pre*’ 
tate, redissolving as the liquid cools. By decomposing pyrophosphate of cobalt^ 
water at 180®, the same salt is obtained in small rose-coloured crystals, whidi 
heated, give off water and turn reddish-blue. By heating carbonate of cobalt w't!I 
excess of phosphoric acid to 160® — 160® in a sealed tube, a hydrated salt, Co*P-0* 2H2() 
is obtained in crystals. (Debray, Ann. Oh. Pharm. cxv. 60.) ’ 

Orthophosphate of cobalt is insoluble in water, and but very slightly soluble evp^ • 
presence of ammoniacal salts, but dissolves in acids and in free ammonia. By ignitin^ 
in hydrogen gas it is reduced to tricobaltic phosphide, Co*P*. The precipitated salt f 
used as a pigment. (S a 1 v i t a t, Compt. rend, xl viii. 296. ) ® 

A mixture of cobalt-phosphate and alumina yields when ignited a fine blue colour 
known as Leyden (more properly Leiihner's) or TJdnarcPs blue, or cobalt-ultramarlnp 
It is prepared by mixing 16 pts. of recently precipitated gelatinous alumina with 2 
pts. phosphate (or 1 pt. arsenate) of cobalt, drying the mixture thoroughly, and then 
gradually heating it to redness. (Handw. d. Chem. vi. 362.) 

y. Pyrophosphate of Cobalt obtained by precipitation is soluble in excess of 
the alkaline pyrophosphate and in ammonia. (Schwarzenberg.) 

PliospliateB of Copper, a. Metaphosphat e. — This salt is obtai ned by mixing 
cupric sulphate, nitrate or oxide with a slight excess of aqueous phosphoric acid 
(best in the proportion of 4 at. cupric oxide to 6 at. phosphoric anhydride), (‘vaporatin*’ 
and heating the mass with constant stirring to 350^, till it no longer spirts, and plios^ 
phoric acid begins to escape in white vapours. The mass when cold is to be washed 
with cold water till the wash-water no longer exhibits any acid vjuiction ; tlie cupric 
raetaphosphate then remains in a pulverulent, indistinctly crystalline, anhydrous salt. 
If a larger excess of phosphoric acid is used, and the mixture very strongly heated 
over a lamp, and tlien left to cool very slowly, the cupric metaphosphato sepnrati s 
in shining crystals, which are larger and more distinct in proportion as the mass has 
been more slowly cooled. 

Anhydrous cupric metaphosphat© is bluish-white ; quite insoluble in water, nearly 
insoluble in most acids and alkalis, even when concentrated, but dissolves easily in 
ammonia. It is easily decomposed by sulphide of ammonium or potassium, less easily 
by sulphide of sodium, yielding in each case an alkaline dimetaphosphate ; hence the 
salt is inferred to be cupric di metaphosphate, Cu*P^O’* or 2Cu0.2P'^0\ It is decom- 
posed by warm strong sulphuric acid with formation of orthophosphoric acid. 

The same salt is obtained in small well-defined hydrated crystals, Cu*P^O‘®.8R"0, hy 
mixing moderately concentrated solutions of cupric chloride and sodic dimetaphosphate ; 
from dilute solutions it easily separates on addition of alcohol. It is light l>luc, 
insoluble in water; does not part with its water of crystallisation at 100^. 
(Fleitmann.) 

Arnmonio-cupric metaphoephate, Cu"(NH*)2P*0'* is obtained in confused 

HMdle-iahaped crystals on mixing moderately concentrated solutions of aramoniiiin- 
dim:^ta]^08phate and cupric chloride, the former in excess, and adding alcohol. It is 
bH||;ht blu^, Bparihgly ^soluble in water, gives off a small portion of its water at ordinary 
tB^^eratures, lint stp 2 at. water at 100®. Sometimes the crystals formed by 

pa^lpitation) sMk above contain only 2 at. water, and the.se are permanent in the air; 
.Wf the ciiNSntQgitances which determine the formation of one hydrate or the other are 
not exe^tJy understood. (Fleitmann.) 

Qfjthflphosphates. — An acid orthophosphate is obtained as a peen gummy 
mass i||a^rating a solution of the tricupric salt in aqueous phosphoric acid. 

Piidupi^ orthophosphate, Cu*H*P*0* is obtained as a blue-green flocculent precipitate 
by completely precipitating cupric sulphate with disodic orthophosphate. It is inso- 
luble in water, sparingly soluble even in p^f^ence' of ammoniacal salts, but di.ssolves 
easily in acids, even in acetic acid. By ignition with charcoal it is reduced to dicupric 
phosphide, Cu*P*. ,, 

The tricupric salt, Cu*P*0* is produced by precipitating cupric sulphate with such 
a quantity of disodic orthophosphate as to leave the former in excess, or hy heating 
cupric pyrophosphate with water to 280®. The first method yields it as a blue-^een 
amorphous precipitate. The second, in dark yellowish-green cryst^S, but containing 
S at, water. It behaves with water and other reagents like the dicupric salt, and w 
reduced by ignition with charcoal to tricupric phosphide, Cu*P*. 

Several hydrated basic cupric orthophosphates, or compounds of cupric orthophos- 
phate with cupric hydrate, occur as natural minexids; their formulss are aa follows : 
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r/ibethenite • . . . 4Cu"0.P-0\H*0 = CuT=0».Cii''H*0’^ 

IVudoUbetlienito . . . 4Ci>"0.P-0\2Il*0 » Cu“P*0®.Cu"H'‘'0*.iiq. 

Tiigilit« 4 Cu" 0.P*0^3H20 == Cu’P^O^.Cu'li’O*. 2aq. 

pihydrite 6Cu"0.P*0*.2H20 = Cusp*0“.2Cu''II-0* 

Ehlito . • . . . 5Cu 'O.P^O’.aiPO = CuT=0«.2Cu''JP02.aq. (?) 

Phospliochalcito . . . GCu'O.P^OMlJI-O = Cii’P*0\3Cu"H"0’* 

Libcthonito occurs at Libethoii in Hungary and at Nisdino Tagilsk in the Ural 
iulritnetriccTystals. Ratio of axes, a :b :c ^ ()-9i r)8 ; 1 : 0-6719. Angle ooP ■ ooP 
84° .^8*; Poo : Poo (basal) = G8° 2'. Ordinary combiiiatiun ckP . jPoo . P, tlietwo 

former faces greatly predominating It is i.-omorphoiis witli olivenite, Cii=’(As; P)20\ 
Cu"jr-0‘. Cleavage parallel to aPeo and ccVco very indistinct. Jt likewise occurs 

in globular and reniform compact masses. Hardness 1. .Specific gravity ^ 3-6 

3-8. It is Bubtransparent or Bubtranslucent, with olivo-green cnloiir and streak, and 
resinous lu.stro. Practure subconchoidal to uneven. Ilritilc. Wlien heated it gives 
off water and blackens. It colours the blowpipe flame faintly bliu', and after Ix-ing 
moistened with hydrochloric acid, distinctly blue, and melts to a blackish mass whicli 
solidifies in the cryatallino state. It is partially reduced on charcoal, completely on 
addition of sodic carbonate. The other cupric hydrophosphates exhibit similar 
characters when heated. They all dissolve in acids with blue or green colour, in 
ammonia with pure blue colour. 

Analyfies of lAbethenite. — a. From Libcthen; crystallised (Kiilin, Ann. Ch. Pliami. 
li. 124) — h. The same (Bergomann, Pogg. Ann. civ. 190).— c. From Nischno 
Tagilsk; crystallised (Hermann, J. pr. Chem. xxxvii. 175): 

As^O* Cu'O H'O 

• a. 29-44 . . 66-94 405 « 100 43 

5. 26*16 2-30 66*29 4*04 => 09*09 

c. 28-61 . . 65-89 5-50 =* 100 

The formula 4Cu"0,P*0®.H®0 requires 29*72 per cent. P*0^ 66*51 Cii"0, and 3*77 H*0. 

Pseudolibothenitefrom Libethen (so-called libethenite) analysed by Borthier. 
(Ann Min. viii. 334), contains 28*7 per cent. P‘0*, 63-9 Cu"0 and 7 *4 water; that from 
Linz on the Rhine (so-called ehlitc) blackish green, and of specific gravity 4 ‘27, 
analysed by Rhodius (Ann, Ch. Pharm. Ixii. 371), contains 28*9 P®0*, 63- 1 Cu"0 and 
7-3 water. The formula 4Cu"0.r*0^2IP0 requires 28-64 P-O* 64-10 Cu'O and 7‘26 
v'ater. 

Tag] lite, a mineral from Nischno Tagilsk, ocemring in etnerald-grecn masses of 
specific gravity 3 5, contains 26-91 p(3r cent. P*0*, G2'38 Cu"0 and 10-71 water 
(Hermann, loc. cit.)\ the formula 4Cu"0.P^0“.3lI*0 requires 27*64 61*85 Cu"0 

and 10-51 water. 

Dih yd rite, -occurring at Virneberg near Rbeinbreitenbach, and at Ni.‘<chne Tagilsk, 
iu enndl dark green crystals, resembling phosphochalcilo in physical diaracttvra, 
contains : 

p20» Cu"o n^o 

Virneberg . . 24*70 68*20 5*97 *» 98*87 Arfvedson ; Berz. Jahresb. 

iv. 143. 

Nischne Tagilsk . 25 30 68*21 6*49 *= 100 Herman n, /oc. 

The formula 5Cu"O.P^O‘\ 211*0 requires 24*69 P*0* 69-06 Cu''0, and 6*25 water. 

E h 1 i t (5 (which contains vanadium) has been already described (ii. 367 ). Cupric hy- 
drophosphates are also found at Virnelierg and Nischno Tagilsk containing quantities of 
vater intermediate between those belonging to dihydrite and dilitc. (Ilaramels- 
-Afmcm/c/Acw/c, p. 346.) 

Phosphochalcite forms hemihedral trimetric crystals, resembling monoclinic 
Ratio of axes, aib:c ^ 0*667 : I i . Angle coP : ooP - 109° 28'; oP : 
i-? ~ 146° 18^'. Observed combination ooP2 . aPoo . • oP . Pao . Poo . P2. 

?P'». Cleavage parallel to oo^ao, imperfect. It also occurs reniform and raa.ssive, 
indistinctly fibrous, with a drusy surface. Hardness = 4 5 to 5. Specific gravity « 
to 4*4^ Lustre adamantine inclining to -vitreous. Colour dark green. Streak a little 
iRnter. Transparent to subtranslucent. Fracture small conchoi'dal. Brittle. 

^nalyses.^. From Virneberg (Rhodius, Ann. Ch. Pharm. Ixii. 37).— A From Ehl 
®"the Rhine (Bergemann, Pogg. Ann, civ. 190).— <?. From Hirschberg in the Voigt 
iind (Kiihn, Ann. Ch. Pharm. xxxiv. 218) : 

VoL. IV. 0 O 
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FO» 

As*0 Ca"0 

H*0 


0 . 20*4 

. . 70*8 

84 

» 99*6 

h. 19-89 

1*78 69-97 

8-21 

» 99*85 

0 20*87 

. . 71-73 

7-40 

« 100 


The formula 6Cu"0.P®0* 3H*0 requires 21-11 P*0*, 70*87 Cu’^O and 8*02 water. 

Thromboliteis an amorphous mineral from Retzbanya, consisting approximatelv f 
41 ‘0 P'O*, 39*2 Cu" 0 , and 16*8 water, whence it is probably 5 Cu"0.3P*OMoH*0^op 

Cu>P*O".2Cu"FOM0H*O. (Plattner, J. pr. Chem. xv. 321.) 


7 . Cupric Pyrophosphate^ Cu*P*0MI‘0 (at 100°), prepared by precipitating a 
cupric salt with pyrophosphate of sodium, is an amorphous greenish-white powder 
which becomes dark blue when dried at 100 °, and assumes a lighter blue cohur on 
ignition. It dissolves in mineral acids and ammonia, and likewise in pyrophosphafe 
of sodium. When boiled with caustic potash, it is resolved into cupric oxide and 
orthophosphate of potassium. Sulphurous acid dissolves it without converting it into 
a cuprous salt, and the solution when boiled deposits it again in the crystalline state. 
It gives off its water on ignition. 


An ammoniacal cupric pyrophosphate 3Cu*^*0^2(N*II*Cu'7'0.‘lH■0 or 


(Tu* 

(Fb«)* 




. 4lPO separates gradually from an ammoniacal solution of 


cupric pjTo- 


phosphate covered with a layer of alcohol, in nodular groups of ultramarine-coloured 
crystals, which must be dried over a mixture of sal -ammoniac and quick -lime, to prevent 
them from giving off ammonia. 

Phospliate of Xlldjrmlum, I)i*FO* 211*0, separates slowly from a inixtun' of the 
concentrated solutions of nitrate of didymium and disodic ortliopliospliiitc, quickly on 
diluting the liquid or on boiling. It is white, pulverulent, insoluble in*W’ut('r, sli^litly 
soluble in dilute, ea.sily in concentrated acids ; gives off its water at a heat mjar rcdiseiis. 
(Marignac.) 

When a fiolution of didymic sulphate is mixed with an equivalent quantity of phos- 
phoric acid (1 at. P*0® to 3 at. DTO), two-thirds of the didymium is preeipitated in tlie 
form of a phosphate which in the dry state contains 3Di"0.2P*0*.5Il*0, whihi the rest 
remains dissolved and is precipitated by ammonia as a translucent jelly, which driefiup 
to translucent rose-red lumps having a conchoidal fracture. (Hermann,! ahrfisb. 1 861, 
p. 176.) 


Pbospliates of Olacinum. A neutral solution of nitrate of gliicinnm forms witli 
disodic orthophosphate a white, amorphous, pulverulent precipitate, which when dried 

over chloride of calcium, consists of diqludnic orthophosphate G*H*P*0".6H*0. With 
pyrophosphate of sodium a white pulverulent precipitate of glucinic pyrophosphiite 

<S*P*0*.6H*0 is obtained. (Scheffer, Ann. Ch. Pliarm. cix. 144 ; Jahresb. 1859, 

p. 140.) 

Mospliatos. of Xron.-— a. Ferric Metaphosphate^ Fe*0®.3F0* or Fe"T*0®. 
Produced l>y evaporating a solution of ferric chloride with excess of phosphoric acid, 
and heating the residue to 316^. The white powder which separates is insoluble in water 
and in dilute acids ; strong sulphuric acid decomposes it. (M a d d r e 1 1. ) 

0. Ferric Orthophosphates , — The precipitates formed by treating soluble ferric 

salts vrith alkaline phosphates, vary greatly in composition according to the nature ol 
the solutions used and the proportions in which they are mixed. , 

Pformal ferric orthophosphate^ Fe*0*.FO* or Fe"'PO^ is formed on adding disodic 
orthophosphate to a solution of ferric chloride or sulphate, made as neutral as possihlc, 
or mixed with a considerable quantity of an alkaline acetate (p. 644). The same shU 
is gradually produced when a solution of ferrous sulphate is mixed with disodic ortho- 
phosphate till a permanent precipitate begins to form, and the filtrate is exposed tc 

the air. . i w 

Ferric phosphate thus prepared is a white powder insoluble in water, nearly insoluoM 
in acetic acid, slightly soluble in water containing carbonic acid. It dissolves in dilut< 
mineral acids, and is precipitated therefrom by alkalis and alkaline carbonates, anc 
likewise by alkaline acetates. In presence of excess of sodic phosphate, the precipil^v 
of ferric phosphate is dissolved by ammonia and by carbonate of ammonium. 
phosphate is ^uble in ferric chloride and slightly also in ferric acetate, but qml® ^ 
soluble in ferrous acetate. Hence when a solution of ferric phosphate in an a®*® 
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mixed with feme chloride and an alkaline acetate, a small •. 

dissolved; but if the ferric salt bo first reduced to ferrous salt bv^siilnhnw^ ^ 
then treated with ferric chloride and alkaline acetate, the 



J:Zl Jt ia precipitated b7amm;^a a ZX b * fe's:it T 

tfeWai^OMeH'^O or FeW4Fe"'P0<.16iP0 By Mina ZZf eontaunng 
wer quantity of acid ui removed, and the residue contains 15 at bVOMoll.' 
PO* (Kammelsberg), pwbaWy a mixture of the normal salt with ferric oxide To 
rSe carWe PWW acid, the salt must be fused with an alkidiL 

’ Ferric phosphate dissolves also with facility in tartaric acid, citric acid, tartrate of 
.mtnonmm, citrate of sodium and citrate of ammonium. The last mention ™^ion 
when sqiread upon glass, dries up to brownish-green scales which dissolve in cold 
water, forming a solution Wing an agreeable saline taste ; they contain .14 per cent 
feme phosphate, 1-e P0‘, 46 per cent, citrate of ammonium, and 10 per cent water - 
this salt may be used in medicine. (Hcydeiireich, Cliera News iv 158 > ’ 

Ferric phosphate in acid solution is completely decomposed by addition of ammonia 
md sulphide of ammonium, the whole of the iron being precipitated as sulphide, and 
the whole ot the phosphonc acid remaining in solution. 

The wliite^ neutral salt gives off its water at a rod heat and turns brown. On cluir- 
coal before the blowpipe it is reduced to an ash-grey bead ; under fluxes it is rodue<'d 
only at very high temperatures. When strongly ignited over a lamp in a stream of 

hydrogen gas, it is reduced to ferrous pyrophospliate, which if further heated 

to whiteness in the gas, is completely deoxidised and converted into a pliosphide of 
iron. ho‘‘P^. (Struve, .Tahresb. 1860, p. 76.) 

A hwc/erric phosphate containing ‘il-'ii»0».P“0‘ or Fc'0>.2Fe“P0<, occurs in nature 
f-oniliuK'd With various quantities of water. 

Ciicoxoiic, 21,V0».P‘0M2H»0, from the Hibeck mine near Zl.irow in Bohemia. 
formHydlow or brownish radiated tufts becoming brown on exposure. Hardness « 3*4. 
Specific gravity 3’38. An analysis by v. irauer(.Talirl). d. geol. Heiclisanst. 18i54' 
p. 07), gave 19-63 per cent. P^O^, 47-64 bVO’,aml 32-73 water, the ft^rmnla requiring 
20 9‘1 P*0 , 47-20 Fc*0®, and 31-86 water; but different specimens present great 
diversities of composition, arising from alt eration, or the presence of foridgn substances. 

Diifronito or Green iron ore, 2bV'^0®.P’‘^(H.6II‘0, has been already described 
(11. 347). 

Dclvauxene or Belvauxite (ii.310), is an iron ore of variable composition, some 
fippcimous containing 2Fe'^0*.P‘^0®.18H*0, others containing the same with 2411-0, while 
others contain lime, and according to v. Hauer, may be riqa-osftnted by the formula, 

ciT20^2(Fe^O^FG'"PO^).24^•^O. 

Carphosiderito (from the mica slate of Labrador) is a hydrated ferric phosphate 
containing small quantities of manganese and zinc, but it lias not been analysed quan- 
titatively. It occurs in straw-yellow reniforrn masses and incrustations, having a 
f^inous lustre and a greasy feel. Hardness = 4 — 4-5. Specific gravity = 2-49 — 2*5. 
(Dana, ii. 431.) 

Bog iron ore (iii. 338) also contains variable quantities of pliosphoric acid. Many 
pther iron ores also contain small quantities of that acid, in consequimce of wliich, pig 
twn, especially that prepared by the hot blast, generally contains small quantities of 
phosphorus. In many strata, ferric phosphate occurs in considerable quantity 
%ether with phosphate of calcium. In some of the lower strata of tlie clialk-forma- 
hon of Sussex, Herapath found as much as 25 per cent, ferric jdio.sphate, and in many 
coprolites, from 7 to 9 per cent. 

^ fiydro-ferric phosphate ot acid ferric phosphate, containing Fe'"H’'P*0‘‘.2H*0, is 
{‘Aul to separate from a solution of tlio normal salt in aqueous phosphoric acid, left to 
itself in a closed vessel, in transparent cubic cfystals, which arc tasteless, insoluble in 
^ater, but soluble with brown-yellow colour in ammonia (Wiiickler). — According 

‘oil. Gmeliii(i5ran<iioo/fc, v. 226), the salt, #e»H*P’0'».6H“0 or ^3 h’o’| 3I»0M2n’0, 

is precipitated by disodic orthophosphate from a solution of ferric chloride, according 
to the equation: 

2FeCl* + 3Na2HPO« « F?HT*0** + 6NaCl; 

according to most authorities the precipitate thus formed consists of normal ferric 
®«hophosphate, Fe"'PO\ and phosphoric acid, H*:PO\ remains in solution (p. 562). 
^^monio^ferrie phosphate, phosphate dissolves in ammonia in presence of 

o o 2 
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phosphate of sodium, forming a red-hrown solution urhich giTes off ammonia on 
ration. 


3Fe '0,P^0\8H'0 : 


<^vapo. 

F>P0*.8H*0.-TInB8aIti, 


7 . Ferrous Ortho'phosjphate, 

formed as a white crystalline mass wueu «, ui iiw« 10 nn- a long timn 

in a solution of phosphate of ammonium in an open vessel, or when a solution of disodic 
orthophosphate is decomposed by a very weak voltaic current with a plate of iron for 
the positive electrode (Becq uerel). It may be prepared by dissolving metaUic iron 
in phosphoric acid, or by boiling ferrous sulphate with disodic orthophospjmt(>, both 
solutions having been previously de-aerated by boiling, The white precipitate must 
be protected from the air during washing and drying. If the solution of ferrous sul- 
phate is poured into the phosphate of sodium, tho^ precipitate is said to contain 
diferrous orthophospliate, as well as tlie triferrous salt. 

Triferrous orthophosphate is white, insoluble in pure water, slightly soluble in 
water containing carbonic acid (in 1,000 pts. of water containing rather more than its 
own volume of carbonic anhydride: Pierre). It dissolves easily in dilute mineral acids 
and in 660 pts. water containing g^th of commercial acetic acid; also in ammonia, 
forming a yellowish solution which soon becomes turbid by oxidation on exposure to 
the air; and in l,6G6 pts. water containing 160 pts. of a concentrated solution of 
acetate of ammonium. The precipitated phosphate dissolves in excess of the soluble 
ferrous salt. It melts before the blowpipe and solidifies to a crystalline mass on 
cooling ; when fused with sodic carbonate on charcoal, it is reduetjd to phosphide of 

^**°When precipitated ferrous phosphate is washed with water containing air find dried 
in contact with the air, it is converted by oxidation into a lavender-blue /irrose./; me 

phosphate containing, according to Rammclsberg, 2he*P'^0*.^^he'0®.2Ie PO^).16IPO. 

Triferrous phosphate occurs native as vivianito or blue iron earth, more 
frequently, however, altered by oxidation to ferroso-ferric phosphate. This mineral forms 
monochnic crystals in wliich the orthodiagonal, clinodiagonal, and principal fixis are as 
1*3843: 1 : 1*002. Anglo of inclined axes =» 71^25; coP : ooF 111° 12' 
oP : [Poo] a 146° 33'. Dominant combination goPoo . [ ooPc» ] . ooP . coP3 . + P. 
— P + iP . — iP- Cleavage parallel to [ ooPoo ] highly perfect; parallel to oePoo and 
iPoo in traces. It often occurs also reniform and globular, witli divergent, fibrous, or 
earthy structure; also incrusting. Hardness *= 1*3 — 2. Specific gravity = 2 061. 
Lustre pearly or metallic-pearly on the fac**is [ oePoo ], vitreous on other laces. Colour 
usually blue to green, deepening on exposure ; in perfectly unaltered speeiinen« colour- 
less. Streak bluish-white, soon changing to indigo blue ; dry powder liver-brown. 
Tiunsparent or translucent, becoming opaque on exposure. Fracture not observable. 

Thin laminae flexible. Sectile. ,-0 • 1 c n 

Analyses.— a. From Delaware; colourless, turning green on exposure (I isher. Mil. 
Am J [2] ix 84).— A c. Crystallised, altered by oxidation ; h from Bodenmais; c troiii 
Muilica Hill, Gloucester County, Now Jersey (Raminelsberg, ^ 

826).— From Allentown, Monmouth County, New Jersey : caithy (Karl baum,. Mil. 
Am J [2] xxiii. 422).— c. From Kertsch in the Crimea: light blue (Struve, J. pr. 
Chem. XX. 236).— /*. From Bargusin^ Lake Baikal: earthy; dirty-blue (Struve, loe. 
eit).—g. From Kertsch: dark brown, crystalline; specific gravity, 2*72 (Struve, 
/oc. cit ?) : 


Ferric oxide 
Ferrous oxide 
Water . 
Magnesia 
Silica 



a. 

b. 

c. 

ihydrido 

. 27-17 

29*01 

28-60 


■ . 

11*60 

11-91 


. 44*10 

35 65 

34*62 

• • 

a • 

. 27*96 

! VlO 

• - 

26*13 


99*32 


101*16 


d. 

29*65 

18*15 

27*62 

25*60 

0*03 


e. 

29*17 
21 34 
21*64 
27*60 


f. 

19*79 

33*11 

13*75 

26*10 

7*37 


9- 

28-73 

38*20 

9*75 

24*12 



99-66 100-12 10080 
)oi 
I forroso* 

2^9To"7:r” eni:‘5w:'\2-2'rF^6*. 33-06 F.'o, 26 -To" water.' The remaiai^ 

analyses may be represented approximately by the following formulae : 

d, 3FeO.FO* + Fe*0».FO® + 12aq. 

e. 3(8FeO.P*b») + 4Fe*0>3F0» + 45^. 

/. 3FeO.FO® + 2(3Fe®0».2F0®) + 33aq. 

2(3M''O.FO») + 3Fe*0» + 21aq. 
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cqrgtals of Tivianito have been found m the hollow of a bone belonginR to the eke- 
fetonof a ro.ner discovered in an old waking at Tarnowits (Haidingfr. J. p“chem 
jU,, 81) Sohlossberger (Ann Ch Pl.arm, Ixii. 382) mentions that somefron S 
found.nthe atomachof an ostrich, and partly enveloped in black animal matter b“ 
came covered, after several days exposure to the air, with blue spots, apparently arising 

from the formation of viA’mnito. ^ j- 

Perrous phosphate occurs, with other metaUic phosiihatos, in several minerals. Chi 1- 
drenite (i. 8G9) is a phosphate of iron, ahiniinium, and inani^anese • tri o 1 i to {n 571) 
pliospbate of iron and manganese ; triphylline (p. 672), a phospliate of iron, mail- 
Jraiirsf, and lithium. 

A compound of diferrous ort7u)phosphat(i ^vit.h nitrov^ o.ridr, IV'JI-rzQH 
tained as a brown precipitate on adding disodie ortliophospluito to a solution of 
a ferrous salt saturated with nitric oxide*. When exposed to Die air, it absorbs oxvireu 
and is converted into ferric phosphate and nitrate. (ITaiidw. d. Chem. vi 354 ) 


Ammmw’fcrroits orthopJwsphate, (NII‘)WP-O«.2K*0.— Tliis salt, amilogous in 
composition to ordinary ammonio-magii»‘siaii phospluito dried at 100'^, is formed hy 
mixing a solution of 14 pts. of iron in hot Iiydroehloric acid with a small port ion of 
{iiilpliite of ammonium ; adding to it while hot a thoroughly boiled aqueous solution of 
100 pts. crystallised ordinary pliospliate of sodium, wliieh immediately precipitates 
wliitf! ferrous phosphute; then adding ammonia in sliglit excess — immediately elosing 
till) flask, which must be completely tilled with the liquid— agitating — and leaving the 
mixture to itself for a few niiiiutes, till the precipitate, wliieh is tlocculeiil, at tirst, is 
coiivcrteil into lamime, which sink rapidly to the bottom. If it reniaiiis liocciileiit. Die 
Ikpiid must be Incited again, perJiaps with the addition of a small quantity of ainnioiiia ; 
if part only of the precipitate becomes crystalline, the lighter Hakes must be separated 
bv Icvigation from tlio crystalline larnime. The lamiiue, on wliieh the air no longer 
exerts any oxidising action, are tlicn thrown upon a filter, washed with thoroughly 
boiled water, and dried. No aTumonia must be a<ided to the water, because it im- 
niidiately induces oxidation, so that hydrated ferric oxide remains on Die filter, and 
the water runs offbrow'n ; hence also, in prepiaring the salt, care must he taken not to 
mid too much ammonia. It forms greenish-white, soft lamime, wliieh when rubbed on 
the liimd, produce a coating like silver; they are j.iermauent in Dio air; the salt, wlieu 
iipated ill the air gives off water and ammonia, and leaves first, greenish ferrous plios- 
bhate, amounting to 77 p>cr cent. — then yellowish-wliite ferric phosphate. With 
]ii)tasli-sohition it evolves ammonia, and when boiled therewith, gives up its phosphoric 
arid and is converted into ferroso -ferric oxide having tho form of the onginul lamina). 
It is insoluble in waiter, even at the boiling heat. While yet moist it dissolves readily 
ill acids, oven when dilute ; but after drying, it dissolves but sparingly and with diffi- 
culty even in concentrated acids. (Otto, J. pr. Chem. ii. 409.) 


8. Ferric Pyrophosphate^ 2Fe*0’.3P’‘'0’.9H*0 = Fe*P®0*'.9IPO. — Obtained by 
ihs.solvirig sublimed ferric chloride in water, and precipitating by pdiospdiate of sodijim; 
the supernatant liquid is neutral. It is a nearly white powder, having a slight 
V'llowish tinge, which deepiens at 100"^, and becomes lighter again after ignition; 
dis-solvos ill acids and in phosphate of sodium, likewise in ammonia; in thi; latter it 
forms a yellow solution. It is insoluble in hydrochloric acid, sulphurous acid, andsal- 
iinuiioniac. On dissolving it in hydrochloric acid without boiling, and pirecipitating 
hy ammonia, the precipitate dissolves completely in excess of ammonia. Carbonate of 
fininionium dissolves it, forming a colourless solution, whereas the ordinary phosphate 
Jjriiis a yellow solution. It is completely decomposed by fusion with a mixl iire of car- 
houMte of sodium and carbonate of potassium. After drying at 100^, it lost by ignition 
J7‘6C per cent, of water, and the ignited salt w'as found to contain 41-7 + 

08-3 PW 

Acid ferric chloyde precipitated by pyrophosphate of sodium, yields, not ferric pyro- 
pkosphate, but an orthophosphato containing 1 atom of base to 1 atom of acid ; in 
h>0 parts: 61-66 PVO® + 48-34 This salt, w'hen boiled with ordinary phos- 

phiitt) of sodium, does not yield pyrophosphate of soda, as is the case m ilh the pre- 
>i«uing. (Schwarzenberg, Ann. Ch. Pharm. Ixv. 153.) 

Ferrous PyrophosphatCy is priDdiicod by .strongly igniting normal 

'fric erthophosphat© in a stream of hydrogen. If further heated to whitones.s in the 
gas, it sulFers further reduction, giving off phosphoretted hydrogen, phospliorous 
and phosphorus, and leaving a greyish-white, motallic-sliining, DOn-iuagnetic 
Piosphido qj* having nearly the composition Fe^P* (Struve, Jahri'sb. 1860, p. 76). 
Di-rous pyrophosphate is likewise obtained by treating a ferrous salt with pyrophos- 
of sodium, as a white amorphous precipitate, which turns green and brown on 
P Ji^ure to tho air. (Schwarzenb erg.) 
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Pbospbate of ianttiaiium.— A solution of sulphate of lanthanum mixed with 
an equiyalent quantity of phosphoric acid, yields a precipitate of an acid orthophos- 

ohate 3La"0.2P*0*, or La*P’^0*.P0», but Trhen phosphoric acid is gradually added to 
a warm solution of the lanthanum-salt, a white, pulverulent precipitate is formed, consist- 
ing of the normal salt La>FO« (R. Hermann, J. pr. Chem. Ixxxii. 385). Tb 
latter occurs together with phosphate of cerium in monazite, cryptolite, &c. (p. 658). 

Pbospbatea of &ead. o. Aa«cs.--1. Pb''0.2P*0* 

as Pb*P*0’*. A solution of sodic dimetaphosphate mixed with excess of lead-nitrate de- 
posits this salt after a while in tolerably distinct crystals ; by precipitation with the 
ammonium-salt, it is obtained at once as an amorphous precipitate. It is anhydrous, 
nearly insoluble in water, melts without intumescence at a red heat, and solidifies to a 

(W<)*Pb''P'0>* is obtained by treating 
the lead-salt just described with excess of dimetaphosphate of ammonium, or by pre- 
cipitating nitrate of lead with excess of the ammoniura-salt. It forms cry^stalline 
spangles sparingly soluble in water, and but slowly attacked by acids. It docs not loso 
weight at 160°, and gives off ammonia only on prolonged agitation, (h 1 e 1 1 m a n n.) 

% Trimetaphos^hate, 3Pb''0.3P*0» 3IPO or 3hPO.~Obtained by mixing 

a moderately concentrated solution of sodic trimetaphosplmte with an equivalent qinm- 
titv of lead-nitrate ; the liquid (to be filtered if turbid), deposits the s^lt on staudm^r 
in small crystals, which are very slightly soluble in water, and give off the.r water cf 
crystallisation with intumescence when heated. A solution o. the sodiunysalt precipi- 
tated with acetaUi of lead yields a salt containing excess of base. (1 leitmann ni>d 

PbT"0«.— When protoxide of lead is heatiKl for some time 
with excess of phosphoric acid, a salt separates w.hich redissolves quickly and com- 
pletely in the excess of acid, and if the fused mass is allowed to cool slowly, scpanii- s 
fn large transparent prisms enveloped in an amorphous vitreous mass containing oxmo 
of lead. This mass may be removed by prolonged treatment witli cold water tlic tcti. - 
inetaphosphate of lead then remaining undissolved. It is msolub e in er, nu t, 
when heated, and forms an amorphous vitreous mass on rapid cooling. It is 
pied by sulphido of ammonium and monoaulpbide of at^mm even in tlio cold yu lil i S 
tbe roiiesponding aaJt of the aJkali-metai. When heated u-ith dilute ac ds, it ,i 
diasolvod a^nd decLposed mucli more easily than the diiiietapho«phato. (b ! ' 

4. IIeMph>^phatc (?).-Nitrate of lead mbed with ‘ . 

with ammonia forma a bulky precipitate inaoluhlo m excess ot ‘ ™ ‘ 

metaphosphato of sodium forms with acetate of lead a P™3'^ 

together when agitated, becomes resinous on standing, and dissolves 
monia. (H. Rose.) 

/3. Orthophosphates.^kn aseft? orthophosphate of lead ^‘^TlTsduSoi 

lead is dissolved in aqueous phosphoric acid out of contact with the air. 
yields on evaporation granular crystals, which have not been analysed. 

Diplumbio orthophosphate, 2 P^"Ojl« 0 ‘ - ^bWO'.-Diluto solutions of lend 

nitrate yield with alkaline phosphates, precipitates which ?? 

pih^bic orthophosphates in varying proportions. To obtain the diplumb P 
' aboiling solution of lead-nitrate is precipitated by aqueous Phosphoric acid. F 

V cipitate consists of dazzling white microscopic cryst,alline laminm; it is i _ ^ 

V water and in aqueous phosphoric acid, but soluble in nitric acid and 

digestion with ammonia it is converted into the tri plumbic salt. Itmf^*^ ' ^ 

pipe, forming a clear bead which exhibits crystallme facets on cooling, but n 
tinctly as the triplumbio salt when similarly treated. 

Trivlumhic phosphate, Ph>PO«, is obtained as a white, «a^hy, jimorphous 
by decomposing acetate of lead with disodic orthophosj^hate, the ! j tablet 

i£ excess, or by the action of ammonia on the diplumhic salt ; and in ] 
by heating the pyrophosphate Pb*P*0’ with water in a sealed ^ jo in aceti 

is insoluble in water, moderately soluble in dilute mtnc acid, nearly msol^l ^ ^ 

acid, easily soluble in potash-ley. When suspended in wate^ it is ^ o 

phurio pr sulphydric acid. It melts on charcoal before the blowpipe, 

cooling exhibits shining crystalline facets. , -xi.' t.«g,nbftte of sodi«’i 

By precipitating solutions of nitrate or chloride of lead -,,«hincd vit 

double salts are often formed consisting of nitrate or chlonde of lead, com 
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di- or tri-plumbw phosphate. ^phoaphato'-nitrate. Pb*P0*.PbN*0* 2H*0 is 
aeacribed under Nitrates (p. 96). ” 

phosphato- chlorides. — The salts Pb^H^PW.PbCl*, 2Pb’P*0".PbCl* 



last-mentioned salt, 3Pb P O .PbCl- the phosphorus being, liowevor, often more or less 
pepbmed is isomorphous with minietesite, or arsenato- 

chloride of lead, 3Pb*As-0«.PbCP (in which also the arsenic is often partially replaced 
by phosphorus) ; also with apatite ; and a variety is known, called brown lead ore con- 
nisting of pyromorphite combined with ^uor-apatite (i. 319). 

The crystals of pyromorphite are hexagonal prisms (exhibiting the same combi- 
nations as mimetesite (lii. 1024). Length of principal axis = 0-73G2. Angle P : P 
(terminal) = 142° 12'; (lateral) — 80^^ 44'. Hardness = a-ri — 4; spc'cific gravity = 

6 0871 : 7*048. Lustre resinous. Colour green, yellow and brown of dillerent shades. 
Streak white, sometinu^s yellowish. Subtransparent to subtranslucent. Fracture sub- 
eonchoi’dal, uneven. Brittle. B<‘fore the blowpipe it melts very easily, and colours 
the outer flame blue-green ; the bead solidifies like that of pliospliate of lead above 
described. Sometimes emits arsenical fumes. 

Analyses. — a. From Zschopau in Saxony : green ; specific gravity = 6-27 

(Wdhler, Pogg. Ann. iv. 161). — h. From Leadhills in Scothind: orange-red (Wohler, 
lo(\cit).—c. From Mechernicli in the Eifel (Ecrgeman n, Ranntielsherg' s Mineralchmii., 
p. 3;16). — d. From Kransberg in Nassau : crystallised; light gr(‘('n ; specific gravity — 
"•1 iSandberger, J. pr. Chem. xlvii. 462). — e. From Fhns in Nassau : yellow; crys- 
siallised (San db ergo r cit.). — f. F'rom B(m*sow in Siberia: crystals accompanitjd 

by vanadinitc: specific gravity = 6*716 (Struve, Vorh. d. min. (Jes. zu. Petersli. 
PS57).— <7. From Zsch(jpan : white; ('r3\stalli.sed (Wbhl or, /w. c}f.)— h. From the 
Altai: yellow spherical masses; specific gravity = 6-537 (Struve, loc. 

Itoiii Hosiers near Pontgibaud, Auvergne : green and brownisii ; botryoidal; specific 
gravity = 6-57 (Klaproth, iii. 146; v. 200): 



a. 

h. 

c. 

d. 

C. .f. 

g. 

h. 

»*. 

Chlorine . . • 

. 2-57 

2-52 

2 .'<0 

2(37 

2*80 2-51 

2-.5G 

2 58 

2 50 

T/iul-nxide . . • 

. 82' 25 

8‘2*4G 

80-21 

81 -(,2 

8'-20 8i:<4 

83-5ri 

HI 5:1 

7VK0 

I’hosphoric anhydride . 

. . . 

. . 


15-1)4 

I. VUG lf>-82 

I.V17 

1‘2-UO 

1405 

Arsenic anhydride 

VVntcM- .... 

• • • 

, . 

0-70 

• • 

! ! b -59 

2-30 

2-6 1 

3-83 


The variety g has th(^ composition of an isomoi-phous mixture of 1 at. mimetesite 
and 10 at. pyromorphite ; i, «f 1 at. mimetesite and 8 at. pyromorphite. 

The following are analyses of Brown lead ore: — a. From the Sonnenwirbi'l mine 
noiir Friidierg: Polyspherite : brown spherules and drops: specific gravity = 6 092 
(Kersten, Schw. J. Ixii. 1). — b. From Mi(.>s in Bolumiia; botryoidal; specific gravity = 
0M4 (Kersten). — c. From the same locality ; crystallised; specific gravity = 6-983 
(Kersten). — d. From Bleistadt in Bohemia: cry.stallised ; specific gravity « 7*009 
(Kersten). — e. From the same; specific gravity = 6'843 (Lerch, Ann. Ch. Pharm, 
xlv. 328).-—/. From England: crystallised (Kersten): 


a. h. c. d, e, f. 

Chlorine . . . 2*62 276 2-50 2-56 247 2-60 

Lead-oxide . . . 72*17 75-83 81-33 81-46 80-38 8208 

Lime .... 6-47 3-71 043 0-32 0-81 0-32 

Ffi-'O 0-38 

If all the chlorine be supposed to be combined with lead, and the admixed apatite 
to be a pure fluor-apatite, these analyses may be included under the formula: 


«(Pb"Cl*3:Pb*P*0') + (Ca"F*.3Cia»P“0"). 

the value of n being 3 in a, 6 in 6 and 48 in c, so that the last is nearly pure pyro- 
uiorphite, as are also c, and/. . 

Nussierito, amineralfrora the Nussi^re mine near ^ i9-^n 

taining, according to Barruel (J. pr. Chem. x. 10), 7-65 Pb CP, 46-o0 Pb 0 12 30 
Ca^O, 2*44 Fe"0, 19-80 F-'0 -\ 4*06 Aj 8*0* and 7 20 silica, is probably an impure 

pyromorphite. 

7. l^yrophoaphate of Lead,fh^V*0\WO (at 

pyrophosphate of sodium to excess of nitrate of lead, as a bulky 

water, acetic acid, sulphurous acid, and ammonia ; sfdublo ^ ^ , ..vp^ss 
potash (Sch warze nberg). If the pyrophosphate of sodium is added in 

priipitate contains Variable quaMs of alkali; a larger excess redissolves the 
P*’<^cipitate, 
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JPliOBpliates pf KlUitum. Only the orthophosphates are known.— 
orthophosphaiej Li®H®PO^ is obtained by mixing one of the two following salts will 
phosphoric acid and evaporating ; or by heating acQtate of lithium with excess of 
phosphoric acid, in which case it separates in rather large crystals. It is deliquescent 
and very soluble in water, forming an acid solution which is immediately prceipitnterl 
by silver-salts, but pot by chloride of barium except on addition of ammonia. It 
not give olf any water at 100° ; but at 200° half the basic water is evolved and the 
■whole at a red heat, tlio residue then consisting of inctaphosphate of lithium. 

Di/itkic orthophiu^iihate has not been obtained pure, but a salt intermediates l)etwocn 
this and the trilithic salt, viz. Li'nP''^0*.II*0 or Li^HP0*.Li’*P0MI-0, is formed on pre- 
cipitating chloride of lithium with orthophosphate of ammonium, ns a crystalline powtlcr 
which dissolves in 200 pts. of water, and gives off’ half its water of crystallisation at 
100°, the rest at a higher temperature. 

lYdithic pliosjihatet 2Li*PCP.H*0, is produced by precipitating a neutral acetate of 
lithium with di-ammonic orthophosphate, or the acid acetate with phosphate of 
ammonium and free ammonia ; also by heating carbonate of lithium wdth not too large 
a quantity of aqueous phosphoric acid. It is a wliito crystalline powder, requiring 
833 pts. of water at 12° to dissolve it. It gives off its water of crystallisation when 
heated, but does not fuse at a red heat. 

Lithio-aluminic j^hosphate^ Li®Al"'P®0'*. 1 5H*0. — l^repared by precipitating a saturated 
solution of aluminic phosphate in caustic potash with chloride of lithium. The wasln-d 
and dried precipitate is a white powder insoluble in water, easily soluble in acids, 
and giving off* a large quantity of water when heated. 

Amblygonite (i. 164) is a litliio-aluminic phosphate having the lithium partly 
replaced by sodium, and containing also fluorides of aluminium, lithium, and sodium, 
llammelsberg (^Mineralchcmie, p. 359), repre-sents it by the formula (oM-O.SP^O® + 
6A1*0® SP-O*) + 2(MF.A1F®), whore M denotes lithium and sodium. 

Triphylline is aphospliate of lithium, aluminium, iron and manganese (see p. 572), 

Lithio~ammonic phosphate^ Li®(NlT^)PO\ separates on mixing aqueous phospliatc of 
lithium with di-amraonic orthophosphate and slowly evaporating ; if a portion of tlio 
ammonia has been lost by too rapid heating, free ammonia must be added. Tho salt 
is granulo-crystallino, like ordinary ammonio-mugnesian pliosphato; slightly soluble in 
water; melts at a somewhat high temperaturf, giving oft' watcjv and ammonia, and 
when heated before the blowpipe is coloured blue, not red, by nitrate of cobalt. 

Lithio-calcic phoaphate, LiCa"PO^. — Obtained, like the analogous double salts, hy 
igniting 1 at. pyrophosphate of calcium with 1 at. carbonate of lithium. It is insol ublo 
in water. (II. Rose.) 

Plioapliatea of BCagrneslnm. — a. Metaphosphates. 1. monometaphoS’ 
j^hatCf Mg''P'“0®, is obtained as a white powder by dissolving carbonate of magnesium 
in aqueous phosphoric acid, evaporating and heating the residue to 316°. It also sepa- 
rates from the solution of impure phosphoric acid obtained from bones, when strongly 
concentrated. It is insoluble in water and in dilute acids, and is not decomposed by 
digestion with alkaline carbonates or phosphates. (Maddrell.) 

The diinetaphosphate, Mg^P^O^®.9H*0, (or 10H*O), separates gradually from a con- 
. centrated solution of the corresponding ammonium-salt mixed with chloride of magne- 
sium, in crystalline crusts which adhere to tho sides of tho vessel ; more quickly on 
addition of alcohol. It is ins<dul)le in water, is decomposed by acids, givi58 off 1 at. 
water at 100°, and the whole without fusion at a red heat. The ignited salt is not 
decomposed by digestion with alkaline carbonatc.s. (Fleitmann.) 

HexmHaphesphate. — Ordinary phosphate of sodium forms a precipitate with acetate, 
but not with sulphate of magnesium, even at boiling heat. The precipitate is soft and 
tenacious (Graham). A solution of sulplKite of magnesium mixed with not too lai’ge 
a quantity of sodic metaphosphate, forms with ammonia a precipitate which dissolves in 
sal-ammoniac. (H. Rose.) 

Amnnonio’niagnesic nintaphosphatc (?) — ^When metaphosphoric acid is dissoh'cd m 
ammonia in a vessel which i.s kept cool, and sulphate of magnesium is added in such 
proportions as to leave the ammonium-salt in excess, a precipitate is formed, consisting 
of feathery flocks which unite on standing into a soapy mass, drying up to a brittle 
transparent mass. This salt exhibits tho characters of a nietaphosphate, but contiiins 
accoraing to Wach (Schw. J. lix. 297), a larger proportion of base, being rejpreaentea 
by the formula 4Mg^'0.(NH*)*0.4P®0M6H®0 ; so that it is perhaps a mixture of 
xnetaphospfiato and pyrophosphate. 

3. Orthophosphates, — a. Add salt. By evaporating a solution of tri-magnesic 
phosphate in aqueous phosphoric acid, or bjr boiling the neutral phosphate with water, 
and evaporating the filtrate, an acid syrup is obtained which is resolved by alcohol mt® 
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the trimagneBlo Balt Md free phoirohoric acid. When a concentrated eolution of 
„,gecsiain aqneo^ phosphonc ^id is mixed with alcohol, an oily liquid separates 
nrhich contains 4 at. mngnesiii to 3 at. phosphoric anhydride ’ ' 

. r. TVT..."rr4-r»*rv« . -_TTor^. Z * 


1,V t)ie 

129.) 


formula Mg"HPO*.Mg"H^P-0* + a:H®0. 


. ,and may he represented 
(Kiihn, Arch. Pharm. [2] lix. 


vLagnrsic salt, Mgm2P-0M4TI‘0 or Mg HP0^7H=0.-.Pro<luced hy precipit ating 
(ulpliato of magnesium with excess of disodio orthophosphate. When 2 pts. sulphate of 
magnesium dissolved in 32 pts. water are mixed with 3 pts. disodio orthopliospluite dis- 
„,Kid ill 32 pts. water, the salt sepiarales m the course of 24 hours in tufts of prisms 

(;,r nfcdlcs. 

The crj\‘!tallised salt forms small six-sided needles, having a cooling sweetish taste 
and sparingly soluble in water; 1 pt. of the salt dissolvos after long'standiinr in 32‘i 
pts. water; the clear solution becomes turbid when heated, from sepamtion of tri- 
inapiesic salt, which partly redissolves on cooling, and on continued l»oiling a larger 
quantity of the latter separates, wliile the liquid acfinires an acid reaction. TTie salt 
dissolves easily in dilute acids. The crystals etlloresco in warm air, give off 8 at. 

at 100° the remaining six at 170° and the basic hydrogen as water at a red heat’ 
leaving pyrophosphate of magnesium. ’ 


Trimagncsic or neutral salt, Mg^P'-'O*. Formed by precipitating snlphato of magne- 
eium with trisodie phosjihate, or by boiling the dimagncsic salt with water. It retains 
Sat. water at 100° (Kammel sberg), but becomes anhydrous on ignition. According 
to Volcker (Rep. Rr. Assoc. 1802, p. 169) 100 pts. of water di.ssolvo 0-0205 pt. of 
tlio recently precipitated, and 0 01 pt. of the ignited salt. It is readily soluble in 
a(‘id.‘«, even after exposure to a white heat. 

This salt is of frequent occurrence in plants, and forms a considerable proptirfiou of 
thfushof the seed of cereal grasses, especially of wheat. It is present in smaller 
quantity in the bones of animals, and forms the chief constituent of many animal 
concretions, especially of bezoar stones. 

Wagnerite, a rare mineral found in veins of quartz, traversing clay-slato in the valley 
of Hdllen^raben near Werfem in Saltzburg, is a phosphato-llnoride of magnesium, re- 
presented by the formula Mg"P*0**.MgF*. It occurs in monoclinic crystals having the 
ortliodiagonal, clinodiagonal, and principal axis, as 1-1 *045 : 1 : 0-78654, and the angle 
of tlio inclined axes = 71® »53'. coP : ooP = 96° 25'; oP ; [Poo] = 144° 25'. 
Ohsorved faces, ooP, + P, — P, — P2, + ^P, ooP2, [P2], and otliers. Most of the 
prismatic faces are deeply striated. Cleavage, parallel to ceP and the orthodiagonal, 
imporfcct; parallel to oP in traces. Hardness =s 5 to 6’5. Specific gravity of a 
triinsparcnt crystal = 3-068 ; of an opaque crystal — 2-985 (Ramin el sberg). The 
crystals are yellow, of various shades, with a vitreous lustre; streak white; translu- 
cent. Fracture uneven and spilintcry across the prism. Reforo the blowpipe it melts 
with great difficulty and only in thin splinters, ^ving oft’ gas-bubbh)s, and forming a 
gropnish-grey glass; when moistened with sulphuric acid, it colours the flame blue-grct.m. 
With fluxes it gives a faint iron reaction, and melts with carbonate of sodium, efter- 
vpscing but not dis.solving. 

The ininoral has been analysed by Fuchs (Scliw. J. xxxiii. 209) and Ramm(4sborg 
with the following results : 



F 

P*0» 

Mg"0 

Ca"0 

Fo"0 

Mn'O 


a. 

6-17 

41-73 

46*66 


4*b50 

0*46 = 

99*51 (Fuchs). 

K 


41*89 

42*04 

1-65 

2*72 

0-55* 

(R a m m el s b erg). 

c. 


40*23 

38*49 

4*40 

3*31 

0-96t 


d. 

9-36 

40*61 

46*27 

2-38 

4*69 

= 

103-21 „ 


Tho formula 3Mg"O.P*0*.Mg''F- requires 11-73 per cent, fluorine, 43-83 phosphonc 
anhydride, 37-04 magnesia, and 7-41 magnesium (or 49-38 nnigne.sia in all). Iho 
lime in the specimen analysed by Rammelsberg was present as carbonate. ^ 

bazulite (iii. 477) is a phosphate of magnesium, iron (ferrosum), and alumiinnm. 


8. Phosphates of Magnesium and Ammo nium.-^l.Arnmonio-im^^^^^^ 
f^^'tkopkosphate (NT^‘)*Mg'll'‘'^■O^3H*0 separates in needle-shaped crystals on mixing 
■^arm and not too dilute solutions of magnesic sulpbato and dianimonic orthophosp la e, 

Offim.rj- ammonio -magneBic phoBpiiate, i» produced when n m.agneamm 
fabammoniac is mixed with an alkaline orthophosphate and fn e a ^ 

‘Immediately from moderately strong solutions as an amorphous precipitate, which soo 


* After deduction of 2*68 silica. 


f Alumina. 
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becomes heavy and ciystalline ; from dilute solntions it separates after some time onl 
in small ciystals which attach themselves to the sides of the vessel, especially on poiu/ 
presenting any roughness or inequality. It separates in this manner fiim exirenielv 
dilute solutions, thus affording a very delicate test either for magnesia or for pho.v 
phoric acid (iii. 7o2 ; iv. 642). The best mode of obtaining it in distinct crystals is 
to mix 600 pts. of hot water with 4 pts. of strong ammonia, and then add 7 nfa 
crystallised phosphate of sodium, 2 pts. sal-ammoniac, and 4 pts. sulphate of mainie! 
siuni ; the liquid, which is originally alkaline, becomes neutral after the separation of 
' the crystals. (Graham.) 

This salt is a frequent constituent of urinary calculi, the so-called fusible calculus 
consisting almost wholly of it: it is also found in intestinal concretions, especially in 
graminivorous animals. It is formed in the putrefaction of urine, and is precipitated 
therefrom on addition of ammonia in stellate groups of microscopic crystals ; it some- 
times separates spontaneously even from acid urine in three-sided prisms. Lar^e 
crystals of it have been found in some varieties of guano, namely, from Patagonia and 
from Saldanha Bay on the coast of Africa, and in an old dung-pit at Hamburg ; tliw 
native salt is called Struvite or Guanite, 

The crystals are trimotric, having the axes a \ h \ 6 *= 0*6429 : 1 : 0*6233 ; those of 
native striyrite are six-sided prisma about an inch long, exhibiting the faces ool^x , 
ooPoo, 00 P3, , |Poo , JPoo , oP, and hemimorphoiis from predominance of the I'noe 

ooPoo on one side (Te schemachcr, Phil. Mag. [3] xxviii. 646. — De la Provos- 
tage, Compt. rend. Iviii. 442 ; see also Dana, ii. 413). They have a specific gravity 
of 1*65 — 1*7 ; hardness « 2 ; a vitreous lustre; are transparent and often colounil 
yellowish by impuritie-s. The artificial salt generally forms a fine crystalline powder, 
or colourless, translucent, four-sided prisms. 

The salt is tasteless and slightly soluble in pure water, 1 pt. of it dissolving in 
16,300 pts. of cold water accorfling to Fresonius; in 13,600 pts. according to 
Ebermayer (Compt. rend, xxxvii, 360), In presence of sal-ammoniac it is more 
soluble, 1 pt. of the Sidt dissolving in 7660 pts. of a liquid containing 1 pt. sul-nm- 
moniac in 5 pts. water (Fresenius). In water containing free amnioniii, on tli« 
contrary, it is less soluble than in pure water, 1 pt. requiring for solution 44.000 pts. 
of ammoniacal water (Fresenius). According to Ebermayer, the soluhility 
diminishes as the proportion of ammonia in the water increases ; thus — 


Mixttire containing: 

Quantities required todisRolve 1 pt. 
of the Anhydrous Double Sait. 

Water. 

Aqneou* Ammonia of specific gravity 0-901. 

100 pts. 

25 

31,000 pts. 

100 

100 

43,000 

100 

200 

46,000 

100 

300 

62,000 

Pure aqueous Ammonia of specific gravity 0*961. 

60,000 


The addition of sal-ammoniac renders the salt more soluble also in water containing 
■ Itee ammonia; phosphate of sodium does not appear to diminish the solubility. 

The double salt dissolves easily in acids. At 100° it gives off 10 at. water without 
loss of ammonia ; at a stronger heat the whole of the water and ammonia escape, 
the mass exhibits a vivid glow, and pyrophosphate of magnesium remains behind : 

(NH')*Mg*F'0» « Mg*P*0» + NH> + H*0. 

7. Pyrophosphate of Magnesium^ Mg*P*0^3H*0 (at 100°). This salt remains 
in the anhydrous state when ammonio-dimagnesic phosphate is ignited. 

The hydrated salt is obtained by precipitating sulphate of magnesium with an 
alkaline pyrophosphate. The precipitete dissolves in excess of either of the salts 
which produce it, the solution.s becoming turbid on boiling and remaining turbid when 
cold. The precipitated salt is white, amorphous, and bakes together in drying h*^ 
hydrate of aluminium. It may bo rendered crystalline by dissolving it in sulphurons 
acid and boiling the solution. It is veiy slightly soluble in water, but dissolves easi y 
in nitric or hydrochloric acid. (Schwarzeub erg. ) 

Plioapliatea of Manfaneae. a. Metaphosphate^ Mn*P^t)*.— Produced by 
evaporating a manganous salt with excess of phosphoric acid, heating the 
316°, in the same manner as for the preparation of the corresponding cupric salt (P* ® ^ 
It is reddish white, insoluble in -water and dilute acids ; does not melt at a red n > 
is scarcely acted upon by sulphide of sodium or ammonium, even with aid of fic- > 







PHOSPHATES OF MANGANESE. 


«71 


Ut u decomposed by digeetion with mrbonnte of sodium, yielding -* 

wdium : whence Fleitmunn rega^ the manganous salt iiio as dimetaphTpK^ 

A eoluUon of manganous chlonde mixed with dimetaphosphate of ammoi^^um ind a 
ji„lo alcohoh deposits crystals ot a hydrated salt, Mn'’I« 0 -. 4 ll» 0 , which is iX^bh, in 
„,er and ddute acids, and gives off ,U 1 its water on ignition It i^ Sm^s^ 
by heating with sulphuric acid and by fusion with alkaline L-bonates. (F 1 e i t m inT) 
Mans,anio Orthophosp/,aie.~Vfhen manganic oxide or finely divided pvro- 
lesite 18 mix^ with aqueous phosphoric acid the liquid evaporated doim, and tl.fdry 
residue finaUy heated nearly to r^uoss, a Violet substance is formed, which is resolved 
\)y water into a dark red solution, and a licach-blossoin-colovired insoluble nowder 
ooWing of Mtf0».3^0* 2 H »0 or Mu Vo^H«0 : therefore a me^pW^r The 
red acid ^ution yields by evaporation light brown-red ciystals of variable com- 
position. (Hermann, Pogg. Ann. butiv. 303.) 

Kobell (J. pr. Chem Ixxvi. 416; Jahresb. 1869, p. 656) recommends manganie 
phosphate for use in volumetnc analysis in place of permanganiite of potassium as 
being more easily obtained. He prepares it by boiling down a mixt uro of finely divided 
pyrolusito and aqueous phosphoric acid, till the residue becomes syrupy and assumes a 
deep violet-blue colour; if not too strongly heated, it dissolves completely in water, and 
if diluted with six times its volume of water, it is as permanent as a solution of ’per- 
manganate. It may be titrated in the same manner as the latter by means of a ferrous 
BOlulioD. 


7. Manganous Orthogho s'phates, — Monomanganoits salt, Mn^'TT'P^O* 2n‘0. 

A solution of one of the two followng salts in aqueous phosphoric acid yields tJiis salt 
on evaporation in small prismatic f^asily soluble crystals, which give off’ half their 
vab'F of ciystallisation at 120 °. Alcohol decomx)oses them, abstracting phosphoric 
ttoid and leaving the dimanganous salt. 


The dimangayiom salt, Mn*Il‘^P*^0«.6H*0, is obtained by adding disodic orthophos- 
plnito to a solution of manganous sulphate acidulated with acetic, hydrochloric, or 
phosphoric acid, till the precipitate begins to be permanent; it then separates on 
standing in hard granular crystals (Hein tz). It is also obtained in the eiystalline 
tbrm by precipitating a manganous salt with phosphate of sodium, mixing half tlie 
liquid with free acid till tlio precipitate dissolves, and then adding the other half 
(Bd decker) ; also by treating the trimanganous salt with half the quantity of phos- 
phoric acid required to dissolve it. 


The tHmanganous salt, Mn*P*0*.7H®0, is formed by precipitating a neutral solution 
of a manganous salt with disodic orthophosphate. It is a white, amorphous powder, 
which dissolves sparingly in water, easily in dilute acids, gives off 4 at. water at 100°, 
the remainder only at a red heat. 


Ammonio-manganous yahos^thate, Mn*(NH^)^P* 0 ®. 211*0. — This salt, analogous to the 
ordinary ammonio-magnesic salt dried at 100° (p. 670), is produced by the action of 
ammonia on recently precipitated trimanganous phosphate, or by precipitating a man- 
ganous salt with phosphate of sodium in presence of an ammonium salt and free 
ammonia. To obtain it crystallised, a solution of manganous chloride is precipitated in 
a flask with phosphate of sodium; hydrochloric acid i.s then added till the j)rccipitate 
dissolves; and the solution is heated to boiling, and then mixed with exce.ss i)f ammonia. 
The precipitate, which is amorx)hous at first, changes on standing for soims time in th9 
closed vessel into silvery laininm usually having a reddish colour. (Otto.) 

The salt is insoluble in water and in alcohol, easily soluble, in dilute acids : it ia 
decomposed by boiling with caustic but not with carbonated alkalis. 

Ferroso-Tnanganous Phosphates. — 1. Triplite, a mineral from Limoges in France, 

has the composition O | 1 • (J'e‘M'“*)"I*0*. It occurs in imperfectly 

ci*ystallihe masses, exhibiting three unequal cleavages in directions at right angles to each 
- * • • ^ 5 . 5 ^ Sneeific irravitv = 3-44~3-8. It haa 


other, therefore trimetric. Hardness =» 6*5. Specific gravity = 3-44- 
a brown colour, yellowish grey streak, and resinous lustre inclining to adammitine. 
Subtranslucent to opaque. Fracture small conchoidal. Contains, according to Berze- 
bus 32 61 per cent. F*0», 31-96 Fo"0, 32-40 Mn"0 and 1-73 Ca^O ; the formula requires 
3‘2-61 per cent. F*0‘, 3417 FVO and 32*40 Mn 'O. 

Heterosite (iii. 161) and Hureaulite (iii. 176) are hydrated ferroso-man- 

ganous phosphates. . , . • .r ♦ 

^ JcTToso-manqanotts phosphato-Jluoride called Zwies elite, having in lac 
composition of a fluorapatite in which the calcium is replaced by iron and manganese, 
found at Zwieeel near Bodenmais in Bavaria, in crystalline 
® hexagonal structure isomorphous with that of apatite. It cleaves dwtin y . 
^perfectly in three directions. Hardness = 6 . Specific gravity « 3 97. Lustre 
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Colour clove-brown, streak greyish- white. Fracture uneven or 
Sioidal. It has been analysed by Fuchs (J. pr. Chem. xviii. 499) and KainmT' 


b^rg {Min&raZchcmiey p. 351), with the following results 
F Fe"0 Mn"0 SiO* 


3-18 

600 


35-60 

30-33 


41-56 

41-42 


20-34 

23-25 


0-08 


Eammelsberg’s analysis leads to the 


101-36 (Fuchs). 

101 (Rammelsberg). 

formula 




P or 

(JFe^^MnT.PW(pV'iMn'')F», which requires 8 46 pe'r cent. F, 31-60 
Fo"0 and 20*77 Mn"0. Fuclis erroneously regarded the mineral as apatite li ivin.r^i 
calcium isoraorphoiisly replaced by iron and manganese, and thence called it % 
apatit(\ 

Lithio-prroso’-manganous Phosphates . Tr i p h y 1 1 i n o, from Bodenmais in Bivir* 
is an isomorphous mixture of the orthophosphates of iron, manganese, and lithium tJ 
mostly occurs massive but sometimes in trimotric crystals, exliihitinjr the coml.in'.f:. ^ 
ooP . cxp2 . ooP«, . Pa, . oP. Angle ooP : «>P 1 93^^ : oP : 
surfaces however are rather dull, and the angles not constant. Cleavage parallrl t 
oP, sometimes perfect ; parallel to ooP and one diagonal, imperfect, the latter le ist J 
Hardness = 5. Specific gravity = 3-6. Subresinous, with greenish or hluish-crri v 
colour, and greyish -white streak. Translucent in Ihin fragments. It decrepiritos 
slightly when heated, giving off a small quantity of water, and acquiring a darker 
colour.^ Before the bloii^ipe it fuses very easily to a shining, dark grey, magnetic* head 
colouring the flame bluish-green and sometimes reddish; with fluxes it gives tin, i-e- 
actions of iron and manganese. It dissolves readily in acids ; is imperfectly decomposed 
by caustic potash. ^ 

The first three of the following analyses of triphylline are by Bammelsherc 
(Mmera/ohemie, p. 323); the fourth is of a variety called Utraphynine i>r pn'(nr.skinc 
from Tammela in Finland, by Berzelius and Nordensklold ; it differs from the Boden- 
niais mineral in exhibiting on the freshly broken surface a yidlow coloiu-, gradually 
becoming black. ° ^ 

3 MnO Li«0 Na«0 K*0 Ca"0 Mg^O SiO* 

100-05 

98-16 
100-05 
103-2* 

po ) -•» 

LjMn"0l requiring 44 81 per cent P*0", 39 76 Fe"0, 5'53 Mn"0, 7-37 Li'O 

and 2*53 magnesia. The first two analyses, which gave larger quantities of base, he 
supposes to have been made on samples which had perhaps lost some of their acid by 
weathering, or were mixed with small quantities of triplite (p. 672). 

The following minerals are supposed to have been formed from triphylline or 
triplite by assumption of water and oxidation, the triphylline also sometimes losing 
its alkalis. 

1, Black crystals from Norwich, Massachusetts, closely resembling triphylline in 

form and cleavage, but presenting considerable variation in their angles (for the mea- 
Btirements see Dana, ii. 407). Hardness == 5-5. Specific gravity = 2 876. 

Streak brownish-red. Opaque. Brittle. Molts easily before the blowpipe with intu- 
mescence to a black mass. Mean of two analyses by Craw. (8ill. Am. J. [2] xi. 99). 

2. Alluaudite^ from Chanteloub near Dimoges. Brown, cleaving like triplite. Hard- 
ness above 4. Specific gravity = 3-168 Dissolves in hydrochloric acid with evolution 
of chlorine. Analysis by Dam our (Ann. Min. [4] xiii. 341). 

P«Os »in20» MnO CaO Na*0 Ll^O H^O SiOa 

Norwich Crystals 43-00 26*09 24 00 . . 1 79 . . 2*23 2-07 0*30 
Alluaudite 41*25 25 62 l-QO 23*08 . . 647 


P-0» 

Fe^O 

MnO 

Li*0 

Na«0 

K*0 

Ca"0 Mg"0 SiO» 

40-72 

39-97 

9-80 

7-28 

1-45 

0-58 


40-32 

36-54 

9-05 

6-84 

2*51 

0-35 

0-58 1*97 . . 

44-19 

38-21 

5-63 

7-G9 

0-74 

0-04 

0-76 2-39 0-40 = 

42-6 

38-6 

12-1 

8-2 

. . 

. . 

. . 17 . . 


Bammelsbeig deduces from this third analysis the formula 


2-6.5 060 


lOO-OS 

99*73 


Bammelsbeig suggests for these minerals the formulae : 

(1) (M*0.P*0»).(MW2P*0*) + aq. 

(2) (M»0.P»0*).2(2M 0*.I«0*) + 4aq.: 
but observes that it is v6ry doubtful whether they are homogeneous. 

this analysis is supposed to hate arisen from an incorrect determination of the 
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triphyllino 

firft of t)i€ 
j^incralchemiet p. 332) 


P*0» ivO* Mn®0> H»0 SiO» 

35*70 48*n 8*94 6*30 l*iO = 99*51 

35*71 61*00 8*06 4*52 0*71 —• 100 


Hence may be adduced the formula ^ .2P*0» + 2 aq. 


( 4 .) A mineral from Chanteloub, sometimes called Heterosite (iii. 151). Bluish- 

violet. Specific gravity «= 3*41. Contains according to Kainmelsherg, 32*28 per ceiit. 
p'O*. 31*46 ^e-0^ 30*01 Mn*0® and 6*5 water, whence tXTliaps it is constituted 
according to the formula + 5 aq. 


8. Ma nganousPyrophosphat c, Mn*P*0’.3H‘0, at 100^.— OLtained by precipita- 
tion as a white amorphous powder, which by solution in sulphurous acid and boiling, 
may be converted into nacreous crystalline lamiuai. It is soluble in acids ainl in 
ammonia, insoluble in excess of the manganous salt,^ but easily soluble in the alkaline 
phosphate, and from this solution the manganese is not precipitated by sulphide of 
ammonium even after long standing. 


PbospliateB of AKercury. o. Metaphosphates. — Mercuric oxide heated 
with metaphosphoric acid, yields on cooling a salt wliicli crystallises with great 
difficulty. 

A solution of mercuric nitrate, mixed with ordinary vitreous metaphospluito of 
sodium, yiedds a white precipitate, which changes on agitation to a thick, heavy, oily 


mass. 

Mercurous nitrate yields in like manner a dense white precipitate, which becomes 
K siiiouH on boiling, and dissolves in excess of sodic metaphosphate. 

A mercurous raetaphosphate cannot bo produced in the dry way ; for on heating 
mercurous oxide with phosphoric acid, mercury volatilises and mercuric metaphos- 
phate remains behind. 


j8. Orthophosphates. — The trhneTcunc salt, ITg®P*0", is obtained as a heavy 
wliito powder by precipitating mei curie nitrate (not the chloride) with ordinary pho.sphate 
of Hodinni ; also by digesting mercuric sulphate with a solution of the alkalim^ pho.s- 
phiilo. It is insoluble in cold water, soluble in acids, including pliosphoric acid; also 
ill water contniiiing ammonium- salts, especially the cliloride, 6 pts of which dissolvc<l 
in water effect the solution of 1 pt. of mercuric phosphate. It is decomposed hy 
aqueous alkalis and alkaline carbonate.s, a small quantity of mercuric oxide being 
fcoinetimcs dissolved. The dry .salt melts when heated to a dark 3 *ellow glass, which 
solidifies to an opaque mass on cooling. {IJavdw. d. Chan. vi. 375.) 

7rimercurou.s Phosphate, Hg^PO^, is pirrcipitated, on adding plios|)hate of sodium in 
excess to mercurous nitrate, as a white powder, mostly amorphous, but sometimes crys- 
talline ; soluble in exces.s of moreurou.s nitrate; insoluble in water and in aqueous 
Jthosphoric acid ; resolved by boiling with water into mercuric phosi>hate and’ metallic 
mercury ; decomposed in like inaiiner Ijy hydrochloric acid. When the dry salt is 
gi'iitly heated in a tube metallic mercury e.scapes, and mercuric phosphate remains as 
ai’c.sidue, yellow while hot, white after cooling. (Ha7idu).) 

Mf ratrous Pkosphato-nitrate, Hg»PO *.HgNfP.H*0.— Obtained by adding phosphate 
of sodium to excess of mercurou.s nitrate, as a yellow crystalline precipitate winch 
i"! not decomposed- by washing with cold water. (Gerhardt, Ami. Ch. Pharm. 
Ixii. 81.) 


7. Pyrophosphates.^l. Mercuric salts, Hg^P^O’' (dried at 100°). A solution of 
mercurie nitrate forms with pyropho.sphate of sodium a ^hite precipitate which 
becomes yellowish-red on further additions of the alkali-salt, and is ton\er <. y an 
<*xec»s of tho latter into a reddish-yellow basic compound. It is 
f*i«ily soluble in acids, insoluble in excess of sodic pyrophosphate, 
by potash (Gmelin). Mercuric chloride is not inmiediatelv 
pyrophosphates, but after some time, or more quickly when neate , 

»ith pyrophosphafo of soUium a white crystalline 

soluble when recently Dpccipitatcd in excess of the alkaline pyrophosphate, the solution 
dn^sitilg a w^^^^ boUed. The salt dried at 100° as blackened by sola- 
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tion of sodic pyrophosphate, but not dissolved. The salt when ignited leaves 
residue of mercuric metaphosphate. (Schwarzenberg.) ^ 

Fliospliatefl of Molybdenum. A solution of molybdic chloride yields with 
orthophosphate of ammonium, a light retl flocculent precipitate, but the precipitation i 
not complete. A filtered solution of molybdic dioxide in aqueous phosphoric aci l 
leaves, on evaporation, a red viscid mass consisting of an acid salt, soluble withered 
colour in ammonia ; but the solution soon becomes turbid, and deposits the greater part 
of the salt; it becomes colourless on exposure to the air. ^ 

A solution of molybdous chloride forms, with disodic orthophosphate, a dark grey 
precipitate, soluble in excess of the molybdous chloride. A solution of molybdous 
hydrate in phosphoric acid yields, by spontaneous evaporation, a dark purple deliques- 
cent mass, the ammoniacal solution of which is dark brown by transmitted, black 
and opaque by reflected light. 

Pkospkcmolyhdic acid has already been described (iii. 1037). The yellow ])hoapho- 
molyboate of ammonium, precipitated on adding a small quantity of a soluble ortho- 
phosphate to a solution of molybdate of ammonium mixed with nitric or hydrochloric 
acid, contains, according to various authorities, from 3M to 3 82 per cent. 
and 91-28 to 9270 per cent. MoO*. Zencker (Jahresb. 1853, p. 356) assigns to it, 
the formula (NH^)»0.6(Il‘'O.MoO») + 2(NI^)irPO^ By mixing a syrupy solution of 
molybdic trioxide in hydrochloric acid with a small quantity of phosphoric acid, and 
saturating with potash, a mass of crystalline scales is obtained, consisting of a polns- 
sium-salt, having, according to Zencker, the composition 3(K^O.MoO^).2Kir-PO<.9H*0 
(see iii. 1037 and iv. 646). 

Phospbates of Nickel, a. Metaphosphate,J^\'V^O ^. — Obtained by cvapor:iting 
ii solution of nickel-sulphate in phosphoric acid and heating the residue to 310o. Jt 
is a greenish-yellow powder, insoluble in water and in dilut,o acids, and not decompo,s((l 
hy aqueous alkaline carbonate s or sulphides even at the boiling heat, but doconiposod 
by heating with strong sulphuric acid or by fusion with carbonut-o of sodium. 
(Maddrell.) ^ 

$. Orthophosphate, — Light green precipitate insoluble in wnter, 
soluble in excess of the nickel-salt, easily soluble in acids; gives off water and turns 
yellow when heated. 

The recently precipitated salt dissolves in aqueous ammonia, and on boiling tho 
solution, or mixing it with alcohol, an am m on io- nick el phosphate is deposited in 
light blue-green or apple-green flocks. If the alcohol be carefully poured ou the 
solution so as to form a layer on the surface, the double salt is gradually deposited in 
green crystalline grains. 

7 , Pyrophosphate, Ni®P®0^6H*0 (at 100 ®), is obtained by precipitation as a 
light green powder, insoluble in water, easily soluble in acids, and separating in the 
crystalline state from the solution in sulphurous acid : it dissolves in ammonia and in 
excess of alkaline pyrophosphate, and the nickel is precipitated therefrom by sulphide of 
ammonium. 

If the nickel-salt contains cobalt, the cobalt-pyi’ophosphate is deposited from the 
solution in sulphurous acid on boiling, before the nickel-salt, and on mixing tho 
ammoniacal solution with alcohol, the cobalt-salt is precipitated alone. 

PbOBilliate of Osmium. An osmious phosphate is produced by burning 
phospliicle of osmium in contact with air, or dissolving osmious hjjrdrate in aqueous 
phosphoric acid. It forms a dark blue-green mass nearly insoluble in cold water, but 
soluble with green colour in nitric acid. 

Pliosphate of Palladium. When aqueous phosphoric acid is boiled in contact 
with palladium, part of the metal dissolves, and phosphorous acid is likewise formed, 
which reduces a portion of the dissolved palladious oxide, so that as the liquid cools a 
film of metallic palladium forms on its surface. 

Palladious nitrate yields a light yellow precipitate with alkaline orthophosphates. 

Pbosptaates of Potassium, o. Metaphosphates, — Monopotassic ortho* 
phorohate heated nearly to redness is converted, without melting, into the metaphospbato 
ICPO*, which melts at a higher temperature without further alteration (Graham). The 
same salt is obtained by evaporating 2 pts. potassic chlorate with 1 pt. of syrupy 
phosphoric acid, strongly igniting the residue, and treating it with water : the meta* 
phosphate then remains as a white powder (Maddrell). It is nearly insoluble m 
water, but is dissolved by acids either concentrated or dilute. Its solution in ac<'tio 
acid gives precipitates with chloride of barium, acetate of lead, and nitrate of silver. 

The diTfietaphoaphate, is prepared by digesting anhydrous cupric 01* 

metaphosphate with a solution of monosulphide of potassium containing but btile 
■nlphydxate, and heating the liquid to the boiling point On adding a little alcohol to 
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the filtrate, the ffimetaphoepUte separates in the form of a concentrated solution, which 
does not cryetalbso completely tiU after some time. The salt is soluble in 1-2 pts. of 
vater eitber hot or cold ; tho solution has a saline, somowliat bitter taste. At 100° it 
gives off all it-s water without any molecular alteration of the residual salt, but at a low 

^ heat it 18 converted into monometaphosphate, which melts at an incipient white 

beat, and solidifies in the crystalline form on rapid cooling. (Fleitmann ) 
Metaphosphatea of Potassium and When 1 at. dimetaphosphate of 

Tvitassium and 1 at. of the corresponding ammonium-salt aro mixed and evanorated 
t salt K^(NH;)P*0- 2H*0 cryst^^^^^^^^^ out first; afterwards a salt colint^ig^ 
ammonia, viz. , w^^^^ thoroughly purified, would probably exhibit 

th6 composition K(Nxi.^) P O . The first salt contains the same proportion of cry- 
Btallisation water as dimetaphosphato of potassium, and gives it all off at 160°. 
(Fleitmann.) 

p. Orthophosphates . — The monopoiassio or di-acid salt, KTT'^F^O*, is obtained by 
mixing potassic hydrate or carbonate, or either of the two following salts, with 
sufficient aqueous phosphoric^ acid to produce a slight acid reaction. On evaporating 
the solution, the salt is deposited in large regular dimetric crystals, having a pure acid 
taste, easily soluble in water, but insoluble in alcohol. It undergoes no alteration at 
200°, but at a low red heat it gives off its water, and is converted into meta- 
phosphate. 

The dipotasaic or mono-acid salty K^IIPO^, is produced by mixing aqueous phos- 
phoric acid with a sufficient quantity of alkali or alkaline carbonate to produce a slight 
jilkaline reaction, and evaporating. It crystallises, according to Perzeliiis, in irregular 
forms; according to Graham it is uncrystallisable. It is easily soluble in water, in- 
soluble in alcohol, and is converted into pyrojflio.spliate by ignitien. 

The tripotassio or neutral salty K*PO^ is prepared by igniling phosj.>horic acid or 
either of the preceding salts with the requisite quantity of potassic hydrate or carbonate. 
By solution and evaporation it may be crystallised in needles which are very soluble in 
water, but not deliquescent. The dry salt is permanent in the air ; the solution ab- 
sorbs carbonic acid (Graham). When strongly heated it melts to an enamel-like mass. 

Baritto-potassic phosphate. — By igniting 1 at. baiytif? pyrophospluite, Bh*P* 0’, with 1 
nt. potae.sic carbonate, a mass is obtained which, when washed witli water, yields a 
polution containing potash and phosphoric acid, wliile tho residue contains the salt 
Ik''KPO^ together with a large quantity of tribarytic phosphate. 

Cahio-potassic phosphatCy Ca'^KPO^ is formed by igniting together equivalent 
quantities of potassic carbonate and dicaleic phosphate. (H. Hose.) 

Magnrsio-potassic phosphatCy Mg"KPO\ obtained in like manner, is sparingly 
soluble in water, and may be completely washed with dilute aqueous ammonia. 
(H. Rose.) 

7 - Pyrophosphates of Potassium. — The dipotassw or arid salt, K’^PW, 
is prepared by dissolving the neutral salt in acetic acid, and adding alcohol ; it thou 
spparate.s as a syrup, which must be washed several times with alcohol to remove 
the pota.ssic acetate, and then dried over oil of vitriol. It is white, and veiy 
deliquescent. The aqueous solution is acid, and is not decomposed by boiling. 
(Schwarzenberg.) 

The irtrapotassic or neutral salty K^P*0^, is formed by the ignition of dipota.ssic 
orthophosjjhate ; but tho residue when dissolved in water takes up basic water, and ^s 
roconverted into orthophosphate. Tho neutral pyro{)lu>sphato may, however, bo 
obtained in a permanent state by treating an alcoholic solution of potash with a slight 
excess of ordinary , phosphoric acid, and afterwards adding alcolml till the liquid 
becomes milky ; in the course of 24 hours a dense acid syrup sepandes, whicli is a 
mixture of the di- and tetra-potassic orthophosphates. The syrupy mixture is then 
evaporated to dryness in a platinum dish and ignited, whereby a mixture is oht:nnea 
oonsisting of pyrophosphate and metaphosphate of potassium, wl»ic)» can readily be 
separated, in consequence of the insolubility of tho latter salt in water. Pyrophosphate 
pf potassium, after ignition, forms a white fused mass, which deliquesce.s very rapidly 
in tile, air ; its aqueous solution has an alkaline reaction, and may be boiled without 
being converted into orthophosphate. This change takes place, however, when the 
Solution of the salt is boiled with caustic potash. When a syrup)y solution of Py^o- 
pboaphate of potassium is evaporated over oil of vitriol, it solidifies ® 

*ntt8s consisting of K^P*0’.3H»0. One atom of water is driven off below 100 , but 
Ibe salt is rendered anhydrous only at a temperatureof 300°. (Schwarzenberg.) 

■immonio^toisic p^ophosphate, 2K»(NH‘)HI»0’.H»0.-pi8 salt remains when 
Sumopotassic pyrophosphate is saturated with ammonia, and the concentrated solution 
IB evaporated over a mixture of quicklime and sal-ammoniac. It is white, deliquescent, 
“d Tsiy soluble in water, forming an alkaline solution, which decomposes on boiling. 
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with evolution of ammonia, ultimately leaving notliing^utmonopotaa8icpypQplioRp|,.jjp 

Chromico-potaasic pyrophosphate. — Chromic pyrophosphate dissolves in exor.ss f 
potassic pyrophosphate, forming a green solution which is not precipitated by siilpliv^ , 
acid or sulphide of ammonium. ^ 

Cuprico-potassic pyrophosphate^ Cu"K*P'0Ml*0 (Persoz). -^Cupric pyrophosphat 
’ dissolves in excess of the potassic salt, but the resulting drnible salt has not 
obtained in the solid state, the solution when evaporated depositing cupric pyroT)hos. 
phate. Persoz has, however, determined the composition of the dissolved salt W 
mixing a titrated solution of cupric nitrate with a titmted solution of potassic 
phosphate till the precipitate which is formed at first redissolves. 

A piece of 'iron immersed in the aqueous solution of the double salt becomes corered 
in a few days with microscopic cry.stals of metallic copper; in like manner zinc pre, 
cipitates the copper from this solution, but slowly and imperfectly. 

Phosphate of nhodlum. Rhodic oxide, mixed with phosphoric acid and lieatfd 
to redness, yields a brown mass, from which water removes the excess of acid, but at the 
same time takes up a portion of the salt, acquiring thereby a dark brown colour 
changing to light yellow on dilution. 

Phosphates of Silver, a. Metaphosphates. — The dimetaphosphate, Ag®P0* 
is obtained by precipitating nitrate of silver with the corresponding sodium-saU, a.s a 
crystalline powder, or in small distinct crystals, according to the degree of conc('ntraiion 
of the solution used. It is slightly soluble in water, and molts when heated to a trans- 
parent glass, which is insoluble in water. 

The trimeiaphosphate, Ag^P^O^F'-^O, separates gradually from a moderately con- 
centrated mixture of silver nitrate with sodic trimetaphosphate, in crystals appurently 
monoclinic, soluble in 60 pts. of cold water, and separating unaltered on evnporatiiig 
the solution acidulated with nitric acid. It gives off its water at 100° (not over oil of 
vitriol at ordinary temperatures), and when about half the water has gone off (about 
1^ per cent.) the remaining salt is soft, has an acid reaction, and perhaps consists of 
hexmetaphosphato. 

The trimetaphosphate has a great tendency to form double salts, so that the crystals 
obtained as above always contain a certain quantity of sodium-salt, unless a large ex- 
cess of silver-nitrate has been used in preparing them. 

HexvtMaphosphate^ Ag®P“0**, separates in sinning crystals when oxide of silver is 
melted with excess of phosphoric acid and the mass is left to cool slowly. Formcil 
also by precipitating a solution of recently ignited metaphosphoric acid in icc-coU 
water with nitrate of silver. It is white, insoluble in water, b(>oomes soft and semi- 
fluid at 102°, and melts to a transparent glass at a higher temperature. It is decom- 
posed by sulphide of sodium, yielding Graham’s deliquescent metaphosphiite of 
sodium. By prolonged boiling with water, it gives up part of its acid, and is con- 
verted into a ropy mass, consisting, according to Berzelius, of 3Ag-0.2P-0’, or 
Ag»P‘0». 

;3. Orthophosphates. — The di-argentic salt, Ag’GIPO*, is produced by dissolving 
the tri-argentic salt in phosphoric acid, or by mixing nitrate of silver with a largo 
excess of phosphoric acid and evaporating (Berzelius), and often separates on mixing 
a solution of the tri-argentic salt in phosphoric acid with ether (Sch warzenberg). 
By evaporation of the acid solution, it is obtained in colourless crystalline laminw. It 
is immediately resolved by contact with water into the tri-argentic salt and free phos- 
phoric acid. 

The tri-argentic salt^ Ag^’PO^ is obtained by precipitating nitrate of silver with any 
alkaline orthophosphate- It is a lemon-yellow powder, the colour of which affords a 
characteristic test for orthophosphoric acid, the other two modifications^ giving white 
precipitates (pp. 638, 639, 642). It is insolubl« in water, but easily soluble in acids, even 
in acetic acid; also in aqueous ammonia, and is de|>osited on evaporating the ammom- 
acal solution in yellow crystalline grains. It is bluekeiied and decomposed by exposure 
to light, assumes a transient dax*k orange-red colour when heated, and melts at a strong 
red heat. 

7. Pyrophosphate^ Ag*P®0’ or 2Ag*0.P*0®. — ^Formed by precipitating nitrate 0 
silver with either acid or neutral pyrophosphate of sodium, the supernatant 
being neutral in either case. It is a white powder, of specific gravity 5‘306 at 70 » 
contains no water; fuses somewhat below a red heat, without any decomposition, »in ^ 
forms a dark brown liquid, which on cooling solidifies to a white, radiated nia^ » j 
assumes a reddish colour on exposure to fight. When boiled with ordinary 
of sodium, it is immediately decomposed, yielding yellow tri-argentic phosphate ® 
aqueous pyrophosphate of sodium: probably in this manner: 

SAg'P'O' + 4Na»HrO* - 4Ag*PO* + Na‘P»0’ + 2WBKW)’- 
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Ac( 50 rcling to this, the water should contain both mono- nnA ^ 

^pho^hate of silver dissolves readily in cold nitric add f buf wh6ri^n’’^th 
either nitric or sulphuric acid, it is converted into the orthonhosuhate m * 

Utien gives a yellow precipitate on addition of ammonia. Aqu-^^us hVXocUoric add' 
eonverts It into chloride of silver and free phosphoric add. It dissolvi with toh^te 
facility m ammonia, and is thrown down unchaiiffed bv adds It ,« • 

Uc'acid and not altered by bdiling with wifter (^tr^rneyer" Cotble In 
aolutioiis of the pyrophosphates; very slightly soluble in saver-nitrate. (Sohwar- 

jenberg.) ' 

J. gteitmann and Sennets S^tiet-nAoi^Aatfi.— These salts are obtained bv 
precipitating the cowspondmg sodium-salts (p. 8371 with nitrate of silver. The s ih 
^p.O>» or 3.^0.2P*0‘ dissolves in a large excess of the sodium-salt ; it is insoluble in 
water, but is decomposed by pnilonged washing with water, phosphoric acid dissolvine 
„„t. It melts at a moderately high temperature. It is perhaps identieal with the salt 
which Berzelius obtamed by prolonged boiling of di-argen tic phosphate with wat er fn 67 fit 

The salt Ag‘*P»0« or 6Ag«0.5P-'0‘ is easily soluble lA exelss of the ror^s^S 

Bodiuni-aalt. ® 

Pbospbates of Sodium, o. Metaphosphates, wNaPO*.— Salts having this 
composition obtiiinod by ignition of disodic pyrophosphate, Na^H'-T^O^ or mouosodic 
orthophosphate, Nall'-'rO®, or sodio-ammonic orthophosphate (microcosmic salt), 
.Na(NH^)HPO*, and most advantageously from the last-mentioned, which is easily pre- 
pared puro. The resulting metaphosphates, as first shown by Graham, exhibit eon- 
sidenible diversity of character, according to the degree of heat applied and the 
quickness or slowness of the rate of cooling — differences which, as already obser\'ed, 
are attributed to polymeric modifications (p. 638). 

Mouosodic pyrophosphate and orthophosphate, when heated for some time to 200° 
—250®, give off nearly all their water of crystallisation, and the remaining salt, after 
being heated to about 316®, retains scarcely one-third percent, water. If it bo then 
treated with water after cooling, the greater part cli.ssolves as pyropdiosphate, while a 
small quantity of metaphosphate remains behind. After the salt has Ix'on Innited more 
strongly and for some minutes to near redness, the residue is for the most jmrt inso- 
luble, and consists of mono- motaphosph ate. When strongly ignited it melts, and 
after very slow cooling yields a crystallisable salt containing sodic t ri-metaph os- 
phate; by rapid cooling, on tho other hand, it is converted into vitreous hoxmetn- 
phosphato. In like manner microcf3smic salt, when exposed to a gradually 
increasing temperature, first gives off cr^'stallisation-water and ammonia, leaving a 
vory add soluble salt, consisting chiefly of disodic pyro^diosphatc ; but on incroa.sing 
tlui heat, more water goes off, and there remains a metaphosphatc which melts at a 
red heat. — Dimetaphosphate and tetrametapliosphate of sodium arc obtained from the 
corresponding copper and lead-salts by double decomposition. 

1. The monometaphosphate, 'NaPO^ obtained as above, or by fusing 2 pts. nitrate of 
Rodiiim with 1 pt. of syrupy phosphoric acid at a strong heat, and washing out tho 
product with cold water, is a dens<i white powder, nearly insoluble in water, even at 
the boiling heat, but easily dissolved by acids (Maddrell). Dy boiling \i'ith caustic 
alkalis it is slowly converted into orthophosphate. 

2. Dimetaphosphate, Na*P*0“.2H*0. — Obtained by digesting cupric diinctaphosphato 

(p. 560) with a warm solution of monosulphide of sodium, filtering when the solution 
retains only a slight alkaline reaction, evaporating in contact with the air, dissolving 
the residue in watfir, and gradually adding an equal volume of alcohol of 80 per cent. 
It then separates in concentric groups of long needles. This salt dissolves in 7 '2 
pts. water, either hot or cold, forming a neutral solution, which may be kept for months 
without alteration in tho cold, but is converted by prolonged boiling into orthophos- 
phate without passing through tho intermediate stage of pyropho-sphate. It give.s off 
all its water at 100° ; the dry salt absorbs water from the air, and becomes hot when 
*^ixed with water. It separates unaltered from a solution in caustic soda on evapora- 
tion, and from solution in hydrochloric acid on addition of alcohol ; but when heated 
^ith acids, especially with strong sulphuric acid, it yields orthopho.sphoric acid. 
(Fleitmann.) i i 

Sodio-ammonio Dimtaphosphate, Na(NH")P*0».H*0, crystallises on adding alcohol 
^ a solution of the dimetaphosphates of sodium and ammonium in equivalent propor- 
tions. Tho crystals resemble those of the sodio-potassic salt, are less soluble in 
^ater than di-metaphosphate of ammonium, but more soluble than the sodium-salU 
«^ve8 off its water at 100°. (Fleitmann.) 

Sodio^otassic dimetaphosphate, NaKP^O-.H'^O, separates as a crystalline powde r on 
the concentratef solutions of the component salts in equivalent 
^ttiring the potassium-salt with chloride of sodium, or the sodmm-salt 

potassium. Dduto solutions yield the double salt in larger crystals by .spontaneous 
lot. IV. P P 
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evaporation. It dissolves in 24 pts. of cold water, The crystals do not give off 
I heir water of crystallisation at 160®; at higher temperatures the salt rarftg, and is 
converted on cooling into transparent easily soluble hexmetaphosphate. (F 1 e i t m a n n.) 

Sodio-argcntic dimetaphosjphate, NaAgF^O*, separates gradually from a solution of 
silvef-nitrate mixed with excess of the sodium-s^t, in beautiful, transparent, inonodi- 
nic crystals. When, on the contrary, an excess of silver-nitrate is used, smaller cry- 
stals are obtained consisting of pure argentic dimetaphosphato. (Ifleitmann and 
11 0 n neb erg.) 

3, Trimviaphos^phate of Sodium.^ Na*r*0®6n20 or 3Na*0.3P*0M‘2H20 (cryslal- 
li«d»lo metaphosphate), is formed by exposing microcosmic salt to a moderate heat 
(Graham), or by slow cooling of the strongly heated and fused salt (Fleitniuim 
and Henneborg). A considerable mass of the salt, Lift to cool very slowly, becomca 
beautifully crystalline, and if then dissolved in a moderate quantity of warm water, 
yields a milky liquid, which separates on standing into two layers, the larger of which 
yields the crystalline salt on evaporation. The finest crystals are obtained by leaving 
the concentrated solution to evaporate in shallow vessels. The crystals are oblique 
rhombic prisms, having a cooling saline taste, soluble in 4-5 pts. of cold water, 
sparingly soluble in aqueous alcohol, insoluble in absolute alcohol. The aqueous solu- 
tion is permanent in the cold, but turns add on boiling, and is quickly converted ijito 
acid orthophosphate ; the same change is more quickly produced by dilute acids. The 
crystals do not melt in their water of crystallisation wlnm heated. At 100®, or in 
vacuo over oil of vitriol, they give off of their water, the last portion being expelled 
only at a much higher temperature. ^ -.i, n * r 

Trimetaphospliate of sodium forms soluble double salts with the two corresponding 
salts of the alkaline caitli-metals and the diatomic heavy metals. 


Sodio-harytic trimetaphof^phate, Na‘-*Ba®P''0'*.H20, separates in stellate groups of 
crystals froin a filtered solution of 1 pt. chloride of barium and 2 to 3 pts. triinetii- 
phospliate of sodium. It is somewhat more soluble in water than the pure baniim-sult 
(p 663). The crystals give off 6 at. water at 100®, the rest without tumefaction at a 
stronger heat. The slightly ignited unfused mass is insoluble in water, but beeoin.is 
easily soluble after fusion. 

4 Tetrameiaphoaphatc of Sodium, Ka'P^O‘* with 8 or 4 at. H®0, or 4Na»0. IP'^O* with 
6 or 8 at. IPO.— This salt is prepared by digesting the corresponding lead-salt with 
monosulphide of sodium. The action takes place quickly and witli rise of temperature, 
the mixture swelling up and solidifying to a coherent elastic cake consisting of sodie 
tetrametaphosphato mixed with finely divided sulphide of lead, and the liquid 
remaining gummy even when diluted with 100 times its bulk of water, so that it can 
scarcely be filtered. By adding alcohol to the dilute solution, the salt is precipitated 
as a colourless elastic ropy mass, like caoutchouc. The solution is neutral, and dries up 
by sponUnoous evaporation to a transparent, fissured, non-hygroscopic mass, me 
salt melts when heated, and is converted into hexmetaphosphate of sodium. 

Tetrametaphosphate of sodium forms, with the salts of the alkaline eartn-metnis, 
insoluble elastic compounds, which by prolonged contact with water are converted into 
orthophosphates. (Fleitmann.) ,, , . , , . . n 

Sodzo-cupric tetrametaphosphate, Na^Cu'P*0« is obtained by mixing the dimeta 
phosphates of copper and sodium, adding one-fourth as much free phosphoric acid us 
the two salts together contain, evaporating, and heating the dry residue to 300 . 

Sodio^magnesic metaphosphate, Na*Mg"-P"0>».— When phosphoric 
fh)m bones and freed from lime and sulphuric acid (p. 580) is evaporated down, 
then heated for some time to 310®, metaphosphate of magnesium sopawt^s out nim, 
and then, after longer heating, the sodio-magiiesic salt, as a white powder, . 

water, hydrochloric acid and nitromuriatic acid, and soluble only in strong «up 
acid (Mad dr ell). This salt has the composition of a di- or tetrametaphospnaie, 
the particular modification to which it belongs is not exactly known. ^ 

When sulphate of cobalt is heated to 316® with impure phosphonc acid contai b 

sodic metaphosphate. A double salt, containing Na«Co»P«0«, separates as a ^wder ^ 
a fine rose colour, insoluble in water and in acids, even m strong sulphuric ^ , 

nickeU^lt of analogous composition is obtained in like manner as a greemsa pe 
soluble only in strong sulphuric acid. 

6. Bexmetaphosphats of Sodium, Na«P*0*® or 6Na«0.6PW 
metaphosphate ; G r a h a m’s metopko^phate). This salt, obtained . absorbs 

melted mass (p. 677), forms an amorphous, colourless glaw which quiciuy 
moisture from the air and deliquesces. It dissolves easily m water a • anJ 
forming slightly acid solutions. When dried in the air at 30 , it n,or( 

dries up to a transparent gum. The salt dried in vacuo cont^na 1 at. b 
than ij at. w.ater (ot I at..Na to aU II.), and it still retains 1 at water 
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gt lOO®, but is thdn convertod into disodic pyropliosphate, Na‘IPP*0’. The aqueous 
solution does not undei’go any change either m the cold 6t when boiled either alone or 
vith caustic soda. (Graham.) 

Sodio-ammonic Ilexmctaphosphiie , — ^When the solution of the salt just described is 
evaporated with sal-animoniac and then mixed with alcohol, this double salt separates 
as a syrup, which may be purified by solution in water and reprecipitation with 
alcohoL It contains soda and ammonia in proportions varying between 1 : 1 and 6 : 1. 
(Fleitmann.) 

j 5 . Orthophosphates of Sodiuin.~T\ifs monosodic salt, Nall^POUPO « 
N;5;0jp.O‘2H«O. is obtained by mixing the solution of the disodic salt with 

phosphoric acid till it no longer precipitates chloride of calcium. The solution con- 
centrated and cooled deposits the salt in rather large crystals belonging to the trimetric 
system. The mow ordinary form has the axes a: b: c = 0-9342 : 1 : ()-9r)73. Angle 
odP : ooP ■■ 86° 6'; Poo : Poo (basal) = 91° 24'. The dominant eomljination is 
ooP . oP with the faces Poo , P, cePoo , and others stibordinate. Sometimes, however, 
the salt crystallises in another form, also trimctric and isomorphous with monosodic 
arsenate, NaH^AsOMPO. In this form the axes a: b : c =*= 0-8170 : 1 ; 0-4988. 
Angle P : P (brachyd.) =» 133° 48' : P : P (macrod.) = 122° 38' ; P : P (basal) = 
76° 38'; ooP: ooP = 78° 30'; :Pcc (basal) = 63° 7'; 2 P 00 , 2poo (basal) = 
83° 59'. Principal faces ooP, P, with Poo imd 2 Pqo subordinate. The salt is tliere- 
forc dimorphous (Kopp). By rapid crystallisation of a strongly concentrated solu- 
tion, or from a solution of the disodic salt mixed with nitric acid, it separates in 
crystals. 

The crystallised salt has a specific gravity of 2-040. It gives off all its crystalliwi- 
tion water at 100°, melts at 204°, giving off 1 at basic hydrogen, and being converted 
into pyrophosphate, and at 235° it gives off the last atom of hydrogen, leaving a 
residue of metaphosphate. It is easily soluble in water, insoluble in alcohol, 'fhe 
Bolution forms a yellow precipitate with silver-nitrate, but the precipitation is not 
complete, as the nitric acid which is set free holds a portion of the silver phosphate in 
solution. 

Disodic Orthophosphate or Monoacid Phosphate of Sodium, Na*HP(>* or | P*0*, 

also called ordinary or neutral phosphate of soda; salmirahile perlatum. — This salt occurs 
in the blood, especially in that of poultry, and in urine. It is easily prepared by adding 
caustic soda or sodic carbonate to orthophosphoric acid till the liquid becomes slightly 
alkaline. It is obtained in larger quantities from bone-phosphoric acid, which for this 
purf) 08 e must be free from excess of sulphuric acid, but niay contain lime or magnesia; 
3 pta. of burnt bones are digested for about 24 hours with 2 pts. sulphuric acid and 
24 pts, water ; the resulting paste is waslit^d with warm water, and the liquid is mixed 
with sufficient carbonate of sodium to produce a slight alkaline reaction. The lime and 
magnesia are thereby precipitattjd as trimetallic phosphates, any arsenious^ or arsenic 
acid that may be present being precipitated at the same time. The solution is then 
evaporated to the crystallising point, the more soluble foreign salts remaining in solu- 
tion, and the crystals of disodic orthophosphate which separate are purified by solution 
and recrystallisation. ^ 

The crystals thus obtained contain 12 or 24 at. water = Na"IIP0^.12H 0 or 

( I”0‘-24H*0. They are monoclinio prisms, having the axes a : J ; c = 0 fi773 : 

1 : 0-8211. Angle of inclined axes = 58® 30’. coP : i»P (ortliod.) = 112° 10 ; 

•fPoo : e = 70° 42'; +2P« : e - 37°ir; oP : ooP = 73° 3'. Ordinary combinaMon 
“P . oP . +P . + 2P<io , like figure 296 (CBTSTALtoonAPHr, ii. 164). Jsornoriihous 
with disodic arsenate, Na»HAsO*.12H20. The crj-stals are larger and better developed 
when they contain a small quantity of sodic carbonate. . • • w .ttphi 

A solution of the salt left to evaporate at 33° deposits crystals containing Na JIPU . 

IffO or [ PK>‘.14H*0. These crystals are monoclinic, having the axes o : i : o 

= 0-8271 : 1 ; 1099. Angle of inclined axes = 83° O'. Angle »P : 

= 101® 14'; »P2: c»P2 (orthod.) = 62°; -tP* 27joP - “P = 

M to »P»““ tLc^l^ - 

p. 16): they melt in their water of crystallisatton id 35°, mrio 

«x!«.hdilIcation ha. a POO^Mween 0 It 35°; a^ the moment of 


I *• 1*001 between 0° and 20° ; ani 


rF2 
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fusion tho volume increases by 5-1 per cent., so that the volume of the liquid salt at 35» 
is to the original volume at 0° as 1*066 : 1 (II. Kopp, Jahresb. 1856, p. 
crystals, when exposed to the air at ordinary temperatures, effloresce without disinte" 
grating ; at a gentle heat, even at 30° — 40°, and likewise in vacuo over oil of vitriof 
they gradually give off all their water of crystallisation, and tlie anhydrous salt, if ex! 
posed to moist air, gradually takes up 7 at. water. The specific gravity of 
anhydrciis salt, Na*HPO^ is 1*619 (Schif^. When heated to redness it gWes off its 
basic hydrogen and is reduced to neutral sodic pyrophosphate. 

The crystals with 12 (or 24) at. water dissolve in 4 pts. of cold and 2 pts. of hot 
water; a lioiling saturated solution contains 112 pts. of tlie crystallised salt to 100 pts 
water, and boils at 106*6 (Liebig). According to F err ein (Jahresb. 1858, p. nj) 
1 pt. of the crystallised salt dissolves in 11*73 pts. water at 13°, and the salt is soluble 
in almost all proportions of boiling water. According to Neese (Jahresb. 18(j3 
p. 180), 1 pt. of the salt dissolves in 6*7 pt». water at 15°, in 6*8 pts. at 20°, and in 
3*2 pts. at 25°. The solution saturated at 16° does not deposit any crystals after 
standing for eighteen hours at 12°. Hence Neese regards Liebig’s statement regarding 
the solubility of tho salt as more correct than that of Ferrein; Wittstein (Arch. Pharm. 
cxv. 43) regards the latter as the more exact. — Tho 7- or 14-liydrated salt 
7IHO or 2Na'K).IFO.P“0® a- 14 aq. dissolves, according to Nee.so, in 8 pts. water ut 23 °. 
According to Poggiale (J. Pharm. [3] xliv. 273 ; Jahi*e8l>. 1863, p. 181), loo pts. 
water at various temperatures dissolve the following quantities of the salt di-ied 
at 100°;—. 


Temperaterres. 


Wftight of salt 
Na2HP()4 dissolved. 

I’emperatures. 

Weight of salt 
Ka*HPO< ilissoived. 

0° . 


1*56 

60° . 

. . 66-29 

10 


, 4-10 

76 . 

. . 68*72 

20 


. 11*08 

80 

. . 81-29 

30 


. 19*95 

90 

• . 95*02 

40 


, 30*88 

100 

. . 108*20 

60 


43*31 

106*2 . 

. . 114*43 


According to Schiff (Ann. Ch. Pharm. cviii. 326; Jahresb. 1868, p. 38) th© 
densities of solutions of various strengths are as follows 


Percentage of Na2HPOM21PO Deniity of solution 

in solution. at 19°. 

10*69 1-0442 

6*99 1-0292 

6-29 1-0220 

4*66 1-0198 

3-60 1-0160 

2*33 . 1*0114 

1-16 1*0067 


Ordinary phosphate of sodium has a cooling saline taste, not so unpleasant as that of 
Glauber’s salt, and is often used instead of the latter as a purgative. The commercial 
salt frequently contains small quantities of sulphate and chloride, also traces of arsenic 
derived from the sulphuric acid used in its preparation from bones. 

Trisodic orthophosphate^ Na*P0^.12H*0 or 3Na®0.P*0*.24H*0, — This salt is ob- 
tained by mixing a solution of the preceding with caustic soda and evaporating to the 
ciystallising point; or by igniting dry disodic orthophosphate or pyrophosphate with 
the requisite quantity of sodic carbonate, dissolving the mass in water, and crystallising. 
It may be purified by recrystallisation from 2 parts of boiling water. 

The crystals are thin six-sided prisms with truncated end-faces ; they have a specific 
gravity of 1*618 (Schiff); are permanent in dry air; melt in their water of crys- 
tallisation at 77^. The salt dried at 100° still retains 1 at water font of 24 at.), 
which it gives off only at a red heat. It does not melt even at a full red heat, but attacks 
glass strongly at that temperature. The crystals dissolve in 6 pts, water at 15°. The 
densities of solutions of various strengths are, according to Schiff (Ann. Ch. Pharm. 
ludii. 183; Jahresb. 1869, p. 41), as follows;—- 


Percentage of 
Na3P0*.12H*0. 


22-03 

17-60 

11-00 

8-80 

4-40 


Density of solution 
at 16°. 
1*1035 
1-0812 
1*0496 
1-0393 
1-6193 


The solution when exposed to the air absorbs carbonic acid, which, as well J? 
-weak acids, abstntets the third atom of base. Chlorine, bromine, and iodine likewi*’ 
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act upon the third atom, of soda as on fpoe soda. When a neutral silver-solution is 
procipUated by trisodic phosphate, the liquid remains neutral. 

^ phosphat>o-JliK)ridevf Sodium, Na»PO^NaF, is produced by fusing together 4 pts. of 
disodic pyrophosphate, 27j pts, sodic carbonate, and 1 pt. fluor-spar, and digesting tho 
fjised mass with warm water ; also by digesting pulverised cryolite for several days with 
solution of ordinary phosphate of sodium and caustic soda, and leaving the solution to 
evaporate ; or by mixing a solution of fluoride of sodium with ordinary phosphate and 
eaiiHtic soda. Either of these solutions, after concent mtiou over tho water-bath, 
deposits the phosphato-fluoride in hard, limpid, regular octahedrons modified with 
faces of the cube and rhombic dodecahedron. It has a specific gravity of 2-216;) at 
25^ dissolves in 8-31 pts. water at 25® (the solution having a density of F0329), and 
in 1*74 pts. water at 70® (specific gravity of solution =* 1-091). Tho solution when 
boiled down deposits fluoride of sodium (Bricgleb, Ann. Ch. Pharm. xcvii. 95; 
Jalircsb. 1865, p. 338). 

Na*0 ) 

8odio~ammonic Orthophospkatr, Na(NIP)HPO«.4lPO or (NH<)*0>.P*0*.8H*0. 

ir^o ) 

Phosphorus-salt, Microcosmic salt, Sal nrince natiimm b, Jusibilc. — This salt occurs 
abundantly in human urine, at least after piitn-faction, and may bo prepared there- 
from; it is found also mixed with the carbonates and phosphate's of calcium and 
magnesium in guano from Ichaboe ; the salt from tliis source is called s tor corite 
by llcrapiUh. It is formed on mixing disodic orthophospliate wi^h pliosphate of ammo- 
nium or other ammoniacal salt, or monosodic orthophosjdiatc with ammonia, and may 
be easily prepared by dissolving 5 pts. of ordinary crystallised disodic ortliophosphatie, 
and 2 pts. phosphate of ammonium in a small quantity of liot water, and crystallising, 
or G to 7 pts. of the crystallised sodium-salt ami I pt. sal-ammoniac in 2 pts. of boiling 
water • the sodio-animonic salt then crystallises out on cowling, while chloride of 
sodium remains in solution : Na4ir0« > NIl^Cl - Na(Nir‘)TIPO* + NaCl. It 
may be freed from chloride of sodium by recrystallisatjon frou) a small quantity of 
boiling water containing a little free ammonia. 

Tlu! crystals are monoclinic prisms, isomorphous with tliosn of thc^ corresponding 
arsenate. Axes « : 6 : c »= 0 3469 :T : 0-3236. Anglo of inclined axes * 80® 42' . 
ooP ; ooP (orthod) « 141® 16'; -2Poo :e =:= 60® 43'; +2Poo re = 63° 51'; 
+ 4Poo :c = 41® 8'; oP : «oP « 86® 56'. Combination gcP . oP . [ oopoo ] . — P, 
-.2Poo . -h2P«> , -t-4pQO. 

The crystals have aspocific gravity of 1'554 (Schi ff), and a cooling saline, somowh^ 
ammoniacal taste; they dissolve easily in water, the solution giving off partof its ammonia 
on evaporation. They ctlloresce on the surface when exposed to the air, and at a gentle 
heat give off their water and a portion of their ammonia. At a strong<'r heat tho 
ealt nicdts with strong intumescence, giving off all its water and ammoiiia, and leaving 
pure inetaphosphate of sodium, which in the fused state easily dissolves metallic 
oxides, forming di- and tri-nietallic phosphates, possessing in many cases very charac- 
teristic colours. On account of these reactions, the suit is much used as a flux m 


blowpipe experiments. 

Uelsmann (Arch. Pharm. [2] xeix. 138; Jahresb. 1869. p. 76), in preparing 
sodio-ammonic phosphate, once obtiiined it in long efflorescent prisms containing 
Na(NH«)IIPO<,5H;’^0, but on dissolving them in water containing ammonm, and re- 
crystallising, ordinary microcosmic salt with 4 at. water w:is obtained. 

Sodio.diamnwnic phospluiU, Na(NH*)-'PO*.4ll*0, separates in dazzling whi^) pearly 
crystalline laminae on adding strong ammonia to a cold saturated aqueous solution ot 
microcosmic salt. On exposure to the air, it gives off ammonia and is 

ordinary microcosmic salt, which also crysUiUises out when a ^lut ion ■, /^rv 

salt ia kft to eyaporate spoutaneously. On o.«, “ 1 “'';,;^; 

stallised with 5 at. water. A solution of the diamino.uc 

ammonia yielded less lustrous crystals of a salt containing (NH ) • ( / ■ 

NaBa"l»0'.-lYpur.>d by 1 

orthophosphate with 1 at. carbonate of sodium; but it ^ 

washing with water, the residue always containing a con.siderablo quantitj ot tiibarytic 

phost^ate. (H.Rosc.) This double salt, wliich contains 

Sodio-lithw OrihophosphaU, (Li , Na) .LU. inis one another 

variable proportions of sodium and lithium tho two 3 "“ 

«oinorphou4 is obtained by mixing a soluhon “3''' ,!,« 

is a" ^ 
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phosphate of sodium it is almost insoluble. According to R am m els berg, this salt 
generally contains from 9*9 to 16*3 per cent, lithium (22 to 34 per cent, lithia) • 
but according to Fresenius the amt obtained by evaporating the solution of a 
lithium*salt u^ith phosphate of sodium, adding a quantity of soda sufficient to keen 
the liquid alkaline, and digesting the residue vrith aqueous ammonia, is pure trilithic 
phospWe, Li’’PO^, containing 18-9 per cent, lithium, (See Lithium, iii. 728.) 

Sodio-magnesic phosphate, NaMg^TO\ is obtained, mixed with a large quantity of 
trithagnesic phosphate, by igniting dimagnesic phosphate with an equivalent quantity 
Ojf sodic carbonate and washing out the soluble salts with water. ^ 

Sodio-manganoso-ferrio phosphate, (Na* ; Mn'')*P0*.Fe"T0^4IP0, is said to occur ag 
a clove-brown mineral at Limoges. (Handw. d. Chem. vi. 37l>) 

Sodio-potassic orthophosphate, NaKHP0\8H*0, is obtained by neutralising a solution 
of monosodic orthophosphate with carbonate of potassium or the monopotassic salt with 
carbonate of sodium, and evaporating. It then sepanites completely in monocUnic 
crystals, in which a\h\ c = 0*8144 ; 1 ; 1*1066. Anglo of inclined axes « 83® Sy- 
ooP : ooP (orthod.) - 101® 20'; <»P2 : ooP2 (orthod.) -* 62® 46; +Poo rc J 
44® 68; oP : ooP = 85® 69^ The crystals are usually tabular, from predominance 
of op, but exhibit also the faces ooP, ®®Poo , [ ooPoo J . +P, — P , +P00, The 
salt is easily soluble in water, gives off its water of ofystallisution when moderately 
heated, and the basic water on ignition. 

7. Pyrophosphates of Sodium, — The disodio or acid salt, Na*TT*P“0^, is 
formed by heating disodic orthophosphate with strong hydrochloric acid to 150®--1GO®, 
or by exposing monosodic orthophosphate, NaH*P0^.H®0, to a heat of about 200® ; 
also by dissolving tetrasodic pyroidiosphate in acetic acid and adding alcohol, where- 
upon it separates as a white crystalline powder. Larger crystals may be obtained by 
carefully pouring alcohol on the concentrated aqueous solution of the salt, so that the 
two liquids may not mix, and leaving the whole at re st. The salt is easily soluble in 
water, and remains on evaporation as a friable crust (Schwarzenberg). When 
lieated for some time to 220®, it loses half its basic hydrogen. (Fleiimann and 
Henneberg.) 

The tetrasodic or neutral pyrophosphate, Na*P*OM0n‘''O, is obtained by igniting 
disodic orthophosphate, and may be crystallised by solution in water and evaporalion. 
The crystals are monoclinic prisms, permanent in the air, easily soluble in water, but 
loss soluble than the disodic orthophosphate. The solution has an alkaline reaction, and 
tin* salt contained in it is not converted into orthophosphate by boiling se, even for 
several days, but the conversion takes place easily on addition of nitric, hydrochloric, 
or even acetic acid. The crystallised salt gives off all its water of crystallisation when 
gently heated in the air, or in a vacuum at ordinary temperatures, but the dehydrated 
salt when exposed to the air gradually takes up again the same amount of water. The 
diy salt melts at a high temperature, and solidifies on cooling to a colourless, opaque, 
vitreous mass. 

Tetrasodic pyrophosphate, being easily prepared in considerable quantity, is much 
used for the preparation of insoluble pyrophosphates and soluble double pyrophosphates. 

Sodio-aluminic pyrophosphate. — Tiie prt'cipitate formed by sodic pyrophosphate in 
solutions of aluihimum dissolves easily in excess of the sodium* salt (being thereby 
distinguished from orthophosphate of aluminium), and the solution when evaporated 
becomes turbid at a certain concentration, depositing part of the aluminic pyrophos- 
phate, whilst a salt richer in alkali remains in solution, and is not precipitated either 
by ammonia or by sulphide of ammonium. 

Sodio-ammonic pyrophosphate, Nd*(NH‘‘)*P*0'.5H*0, is obtained by evaporating a 
solution of monosodic pyrophosphate saturated with ammonia over a mixture of sal- 
ammoniac and quicklime. It forms white monoclinic prisms easily soluble in water ; 
on boiling the solution, ammonia is given off and oisodic pyrophosphate remains. 
(Schwarzenberg.) 

Sodio-antimonic pyrophosphate. — ^Monosodic pyrophosphate, boiled with recently 
precipitated antimonious oxide, di.ssolves a portion of it, and the fiiltrate yields by 
evaporation a cauliflower-like mass, which is decomposed by water, the greater part of 
the antimonious oxide then remaining undissolved. 

Sodio-auric pyrophosphate, 2Na^P’0' AuT*0*M[*0. — Trichloride of gold dissolves 
in aqueous sodic pyrophosphate, and if the solution, which is colourless after warning, 
be evaporated in a vessel in which it is protected from light and dust, chloride ot 
sodium and the excess of sodic pyrophosphate separate out, and the double salt remains 
as a syrupy solution, having, according to Persoz, the above composition. The solution 
has been used for galvanic gilding. 

Sodio^barytic pyrophosphate, Na*P*0’.6Ba*P*0’.6H*0. — This is said to be the com- 
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msitioO o* • double salt produced as an amorphous precipitate, on dropping chloride 
Tbapittni into a boilmg solution of sodic pyrophosphate. 

^ pyrophosphate dissolves a rather larce 

fluantity of bismuth-oxide. Also when bismuth-nitnite is washed with excess of 
solution of sodic pyrophosphate, a soluble double salt is formed, whose solution becomes 
turbid when heated, but, according to Persoz, is not precipitated by sulpliide of 

* ^ 4 io’C(dcic fy'ro^hasphatCy'^ta?Q>'a.V*(yATi}0 (Baer). — This salt separates when a 
solution of chloride of calciumi is dropt into excess of sodic p} ropliosphate. 

^ Known only in solution, wliich resembles that of the 

potussio-chromic salt (p. 676). 

^ Sidio-eohallous pi/rophosphate—Tho precipitate formed by sodic pyropliosplmte in 
tlie solution of a cobiiltous salt dissolves in excess of tho former ; the solution turns 
blue when heated, and the cobalt is precipitated by sulphide of ammoniiiin. 

Sodio-cupric pyrophosphates. — When a solution of sodic pyrophosphate is boiled with 
excess of recently precipitated cupric pyroplio.sphate, the hot filtered liquid deposits a 

white crystalline insoluble crust, consisting, after drying at 100^’, of Na'Cri“P“0'-'8.7H*0. 
The supernatant liquid slowly evaporated over the water-bath yields a faintly bluish 
orYstMlline crust, also insoluble in water, and consisting of 3Na-CirP*’()’.‘2H*0 (at 100°). 
The mother-liquor decanted therefrom and left to evaporate spontaneously, deposit.s 
first the excess of sodic pyropliospliate, then splendid Idue crystals of the salt 
Na«Cu"P^0'l2H"0 (at 100°). Each of these tliree double sails melts at a rt'd heat 
ili’h.itmann and Henneberg). Persoz, by a method not exactly described, obtained 
the double salts Na‘‘'Cu'T*0’.6H^O and Na''Cu"PH)'l6H^O, which are tho .same as tho 
srooiid und third of those above described, but with larger quantities of water, Persoa 
having analysed them in the air-dried state. 

Sodio^ferric pyrophosphate, Na‘‘l<VP•®0>^7H■'0 or 2Na*F‘*0UOp«0'“ : 7H20, sepa- 
rates in the pure state when ferric pyrophosphate, after being washed with a quantity 
(if sodic pyrophosphate not sufficient to dissolve it, is heated and (ho filtrate mixed 
with alcohol (Fleitmann and Henneberg). The same salt is obtained in solution 
when pyrophosphate of sodium is added to a ferric solution til) the precipitate at first 
formed is redissolved. The double salt is white and very soluble in water. The solu 
tion is colourless, and does not taste like iron- salts in gem'ral. Ammonia colours it 
blood-red, but does not render it turbid ; sulphydrie acid colours it brown without 
forming a precipitate ; sulphide of ammonium precipitates sulphide of iron fi*om it im- 
mediately according to H. Rose, gradually according to Persoz. The solution evapo- 
rated to a syrap soon deposits ferric pyrophosphate. 

Sodio-ferrous pyrophosphate is known only in solution, as obtained by mixing a 
ferrous salt with excess of sodic pyrophosphate. It oxidises quickly on exposuro to 
the air, and the iron is completely precipitated from it by sulphide of ammonium. 

Sodio-magmsie pyrophosphate is an amorphous precipitate fonned on dropping sul- 
phate of magnesium into a boiling solution of pyrophosp^ 
fhdio-amnonio-mang^^^^^ pyrophosphate, Na(Nll*)Mn P-OMUI-0 according to 

Otto Na\NIP)‘Mn'^P®0’*M2lI*0 according to Berzelius, is formed, on pouring a 
solution of manganous chloride mixed with ammonia and sal-ammoniac into a warm 
solution of sodic pyrophosphate, as a white amorphons precipitate which soon becomes 
ciystalline. When somewhat strongly heaU‘d, it gives oft all its ammonia and leaves 

a semifused mass having an acid reaction. (Otto.) • 

Sodio-plurnbio pyrophosphate, NaWW.-Wh.to panular insoluble proequtate, 
formed by adding Bodii pyrophosphate to nitrate of lead, and 

cipitate ^th excess of the sodium-salt (Gorhardt) Tin. salt formed on slowly 
siding nitrate of lead to excess of sodic pyrophosphat.. till tha precipitate becomes per- 

pyrophosphate tvith potassic oarbon^ 1*1® “f^r^Tr m'dl.^^^ Z. form 


«ii cooling to a pasty mass, consisting of transparent, shfiider need . _ m.iUnfl 

of an owfqu^ ZS prism. The salt dissolves ea.sily in water, forming an alkahne 

“'."tpSinS™ 'i ItS"' “ 

Ka'POhsWo* and Na>*P‘”0>‘ = NaW'.UNaPO , see pp. 5.i7, 5. S. 

»ho.p,.«a. .r Strornttum. «• f 

tf3l1oT\“thite p" *“ 
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is a white, amorphous, tasteless powder, insoluble in pure water, but soluble in watep 
containing ammoniacal salts or free acids ; notdecomposed by ^ueous alkalis. When 
heated before the blowpipe it melts to a white enamel, exhibiting phosphorescence. A 
solution of chloride of strontium incompletely precipitated in the cold with an alkaline 
phosphate yields, according to Kiihn, a mixture of distrontic and monostrontic salt. 

Strontio-potassio orthophasphatCf Sr'KPO\ and strontio-sodic orthophosphate 
Sr"NaPO^ are formed, according to Bose, by ignition 1 at. pyrophosphate of strontium 
with 1 at. carbonate of potassium or sodium, and washing out the mass with water ; but 
the double salts are for the most part decomposed by the watei 5 "^he residue always 
containing neutral phosphate of strontium. 

7. Pyrophosphate^ Sr*P*0MI®0 (at 100°). — Obtained by precipitation as a white, 
amorphous powder, which gradually becomes crystalline when warmed in the liquid! 
It is nearly insoluble in water, quite insoluble in acetic acid, but easily soluble in tho 
stronger acids. It give.s off its water when heated above 100° (Schwarze nberg). 
The precipitate formed on gradually adding nitrate of strontium to a boiling solution 
of Bodic pyrophosphate, appears to be a mixture of the pure strontium-salt with a 
double salt. (Baer.) 

Pbospliato-tantallc Acid. A solution of tantalic acid in sulphuric or hydro- 
chloric acid yields, with strong aqueous phosphoric acid, a white, opaque jolly. Tan- 
talic oxide heated with phosplioric oxide forms a colourless glass. 

Pbosphate of Tellurium is a white powder, insoluble in water. (Berzeling.) 

PbOBpliate of Tballlum. A hot solution of nitrate of thallium, mixed mth 
excess of phosphoric acid and then with ammonia, forms a crystalline precipitate, 
probably consisting of trithallic phosphate^ TPPO\ inasmuch as, when boilod with nitrate 
of silver, it yields yellow phosphate of silver, without rendering tho solution acid. 
1 pt. of this salt dissolves in 201*2 pts. of water at 15° and in 149 pts. at 100°. It 
is sparingly soluble in acetic acid, but dissolves easily in nitric acid. When heated it 
melts to a brown liquid, which becomes orange-yellow on cooling, and finally solidifies 
to a white crystalline mass (Crookes, Chem. Soc. J. xvii. 135 ; Chem. News, ix. 37). 
La my (Jahresb. 18C2, p. 186), who probably obtained an acid phosphate of thallium, 
states that it is soluble in water and crystallises from a dilute solution. 

Pbospbate of Tborlnum. Flocculent precipitate, forming a white powder when 
dry, insoluble in water and in phosphoric acid, melting with difficulty before the blow- 
pipe. (Berzelius.) 

Pbospbatos of Tin. Stannic oxide forms with excess of phosphoric acid a salt 
containing 2SnO* PW.IOIPO (Haeffely, Phil. Mag. [4] x. 290). Stannic phospliate 
is insoluble in nitric acid, a property on which is founded Keynoso’s method of 
separating phosphoric acid from bases (p. 644). 

Stannous phosphate, 3SnO.P*0'‘ or Sn*P*0^ according to Kiihn, is formed on mixing 
stannous chloride with ordinary phosphate of sodium, as a white precipitate, insoluble 
in water after drying, but easily soluble in mineral acids, and melting to a vitreous 
mass before the blowpipe, According to Lonssen (Ann. Ch. Pharm. cxiv. 113; 
Jahresb. 1860, p. 183), the composition of the precipitate varies with the proportion 
in which the solutions are mixed. When a solution of disodic orihophosphato 
acidulated with acetic acid is added to a large excess of concentrated solution of 

stannous chloride, a precipitate is formed containing, when air-dried, Sn*P®0“.Sn"CR 
2 H*0, and not decomposed by hot water ; but when the phosphate of sodium is in 

excess, the air-dried precipitate contains Sn*P*0",S'n*H*P*0* 3H®0. This salt remains 
unaltered at 100°, but is decomposed at a red heat, yielding metallic tin, stannic 
oxide, and phosphoric acid. 

FHoapliate of Tltanlnm. Tetrachloride of titanium forms with phospbonc 
acid a white, bulky, flocculent precipitate, which dries up to a gummy shining mass, 
insoluble in water, hut soluble in excess either of phosphoric acid or of titanic 
chloride. 

Fliospliates of Vraiiiaiii* a. Uranic Orthophosphates. — The compo^on 
of these phosphates, as of other uranic salts, is most easily represented by regarding 
them as containing the diatomic radicle ur any 1, U*0*. (See Ubanium.) ^ 

The monouranylic salt, (U*0*)"H^P*0» 3H®0, is obtained hy digesting 
with phosphoric acid and boiling the mass with water. The yellow 
obtained yields, by evaporation over sulphuric acid, lemon-yellow crystals, which gi 
off part of their water at a gentle heat, becoming dull and light-yellow; the rest 
the water goes off at a red heat, and the remaining dry aalt does not melt even wne 
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■ry strongly heated. Water, especially if hot, abstracts part of the phosphoric 

■Irie di‘Uranylw is obtained in combination with Tarions 

qaantities of water according to the mode of preparation adopted. Wlien uranic oxide 
is digested with acid, and the product washed with 

water, a tri-hydrat^ (U 0-) H"P*0 .311 O, remains a.s a ligiit yellow amorphous 
powder, which gives otf its water of crystallisation between 120° and 170° and tlie 
water at a red %at, leaving the pyrophosphate (U=0^)*p-^0’. A h exli v d rate 
(L]*0^fjr‘P‘‘^O",6H*O, IS obtained by preciiutating uranic nitrate with ordinal 
phosphate of sodium. The precipitate, after washing and drying, is a light yellow 
slightly crystalline powder, wliich gives off its water of crystalliHation at 120° the 
basic water at a red heat. The octohydrato, (U^02)2H'^p20".8H'''0, is obtained by 
adding phosphoric acid to uranic acetate as long as a precipitate forms. This precipi- 
when washed, is crystalline, and somewhat darker-coloured than the trihydrate. 
It gives off 2 at water at 60°, and then exhibits all the properties of the hexhydrato. 


ver 

acii 


The tri-uranylic aalt^ or neutral uranic jihosphate^ 3U*0".P®0* or has 

Dot been obtained in the pure state. The light yellow pvocipitato formed on mixing 
umnic nitrate with an equivalent quant ity of trisodic phosphatcj appears to consist of 
5U’(P.IP0.2P*0» + aq. or (U202)^r20« (U20‘^)■^T^-p■-'0^1P0. Wlum a larger quantity 
of trisodic phosphate is added, but not sufficiont to redissolve the precipitate, a double 

Balt is formed containing f 2P*0\3IP‘'0 or (U20*)»P-^0«.(U-0*)-Na^P-’0».3H-0. 

This salt is a dark yellow coherent powder, insoluble in water, decomposed by acetic 
acid, which dissolves out soda and uranic oxide. (Werther, Ann. Ch. Pharin. 
Lxviii. 312.) 

Cnkio-uranic Phosphate, P^0».8II«0 or (TJ’0=)'Ca"I«0»8n-0.— This com- 

pound occurs native as uranite (also called linie uranitc and uranhun mica) in di- 
inotric crystals, having the principal axis = 2T15 ; P: P (terminal) = 05°, 40'; 
P : P (basal) ~ 143° 2'. Ordinary combination, oP . P . ooP, the face oP being 
mostly predominant, and giving the crystals a tabular form. Cleavage p)erfect 
parallel to oP. Hardness = 2 to 2*5. Specific gravity =* 3*05 to 3*19. Colour 
citron to sulphur-yellow. Lustre of oP pearly, of other faces subadiimantine. Trans- 
parent to subtranslucent. FrMCture not observable. Seetile. Lamiiim brittle and 
not flexible. Before the blow'pipe it melts to a blackish semi-crystalline mass. 
Dissolves with yellow colour in nitric acid. 

The first of the following analyses is of uranite from Autun by Berzelius (Pogg. 
Ann. i. 374) ; the second l)y W erther (Joe, ciL). 

P*0» Ca"0 Ba'OMg"OandMn"OIT20 SnO* 

15-20 61-73 6-88 1*57 0*20 15*48 0-06 == 100-12 

14-00 63-28 5-86 1-03 . . 14-30 . . = 98-47 


The formula above given requires 15-55 P“0*, 62*56 U’O’, 6*13 Ca"0, and 15*76 
water. 

Pranito occurs in the Siebongebirge ; at.Toliangeorgenst:idtaiidPjibenstnck in Saxony; 
on Wolf Island, Lake Onega, Kussia; near Limoges and at St. Symphorieii nejir 
Antnn; also at Chesterfield, Massachusetts; Ackworth, Now Hampshire; and on the 
Schuykoll near Philadelphia. 

Cuprico-uranic Phosphate, Chu"0 | or (U'*0®)*Cu T*0*.8H'0. This com- 

pound occurs native ns chalcolite (also called copper-uranite and tarherzte), ^ 
mineral isoraorphous with uranite. Hardness = 2*26. Sjiecific gravity .V5 to 3 6. 
Colour emerald and other shades of green. Streak somewhat paler. The ° 
physical properties are like those of uranite. Before the blowpipe it melts to a biaeJe 
™a3s, colouring the flame bluish-green. Gives with borax a green glass, sometimes 
becoming reddish-brown in the reduction-flame. Dissolves in nitric acid wi 
yellowish-green colour. 

Analyses of chalcolite from Cornwall : 


u»o» 

15-67 61-39 

14-34 69-03 


Cu"0 H*0 

8-44 15-05 

8-27 15-39 


100-45 Berzelius. 
97-03 Werther. 


The formula requires 16-16 P=0» 61-00 T;*0*, 8-48 Cu"0, and 15 36 water. 

. ChalcoUteisfound at GunnisLake near CalUngton, also near 

"> Cornwall; at Johangeorgenstadt. Eibenstock, and Schneeb rg in Saxony. 

Joachiiasthal and Zinnwald in Bohemia ; and at Vielsalm in Belgium. 
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Debray (Jahresb. 1860, p, 73) has obtained cryatals having the form an.l eonipo. 
eition of cnalcolite, by mixing a solution of acid cupric phosphate with uranic nitrate. 

Uranoua U'^HP0^H*0.-0rdinary phoi^hate of sodiun^ 

added by drops to uranous chloride forms a green gelatinous precipitate, insoluble in 
water. When recently precipitated it dissolves in strong hydrochloric acid, and is 
separated therefrom by water; after drying it no longer dissolves in acids. Ammonia 
has scarcely any action upon it; melting potash withdraws almost all the phosphoric 
oxide. 

y. Uranic isgranular when recently precipitated, but cakes 

together if left on the filter for a few days, forming a very friable mass with conchoidal 


fracture. 


Bodio-uranio PyropAosjp An fe.— Precipitated uranic pyrophosphate dissolves iu 
excess of sodic pyrophosphate, forming a yellow solution, which yields no crystals even 
when evaporated to a syrup ; the uranium is not precipitated from it either by sulphy- 
iic acid or by sulphide of ammonium. 

Pbospliates of Vanadium. Vanadic dioxide dissolves in aqueous phosphoric 
acid, forming a blue solution, which when evaporated at temperatures below 60'" yields 
email blue deliquescent crystals, easily soluble in water, insoluble in alcohol. Wlien 
heated they give off water, leaving a loose spongy mass resembling burnt alum, and 
caking together at a white heat to a black substance no longer soluble in water. 

Pl^aphato-mnadic acid . — ^Vanadic anhydride (trioxide) dissolves in aqueous phos- 
phoric acid, forming a red solution, which when evaporated leaves a red dcli(iiiesfieiit 
saline mass. Vanadic phosphate heated with a sufficient quantity of nitric acid forms 
a red solution, which deposits on evaporation a lemon-yellow crystalline crust, soIuIjIo 
with yellow colour in water. The crystals when heated give off water and turn 
liclit yellow A solution of vanadic phosphate and sodic phosphate in nitric acid 
becomes colourless when evaporated, and deposits yellow crystalline grains which 
dissolve slowly in water, forming a yellow solution which dries up on evaporation to a 

yellow yarnish-like mass. , , . , ... . 

A compound of phosphoric, vanadic, and silicic anhydrides containing, accordiug to 
Berssolms, 3Si0*.2Va0='.2F‘0‘.6H*0, was obtained from the refinery slag of the Tabcrg 
iron works. It may be produced by dissolving silicate, vanadate, and phosphate of 
sodium in nitric acid, evaporating to a pulp, and washing with cold water. It then 
remains in nacreous scales, which when heated give off water and acquire a strau- 
vellow colour. It is easily soluble in water, whence it crystallises unaltered on evapo 
ration. The solution is coloured green by nitric peroxide and other reducing agents, 
and yields with carbonate of ammonium a precipitate of gelatinous silica. 

nospbate of -Ittrlum. y»^0*.5H’0 = 3y’’0.1>“0‘ 6H*0.— Diwdicorthophos 
phate added to the eolation of an yttrium-salt throws down an amoiphoM pw 
cipitate, which by prolonged washing with water is resolved into a soluble acid salt 
and an insoluble neutral salt having the composition just given. (Popp, JahresD 

*’M*yttric phosphate likewise occurs, together with ceroiis phosphate, as xenotime 
in dimetric crystals P . «P, having the prinapnl axis _ 0-6201 ; “"Sj® P ■ ( ® , 

nail - 124° 26' ; P : P (basal) = 82° SO'. Cleavage porteef, parallel to »P. 11®™ 
ness = 4 to 6. SpeeiSc gravity = 4-39 to 4-63. Lustre resmous. Colonr yellom^ 
brown to flesh-red. Streak paler. Opaque. Fracture uneven and splintery. « 
before the blowpipe; with borax it slowly forms a clear gl^, whii^, wim 
larger quantity of the mineral, becomes turbid on cooling; in microcosmic salt 
dissolves very slowly. It is insoliAle even in strong acids. . /R.eseliui 

An(dy»u.-U. From the Flekke^otd in Norway : specific pavity 4-o57 (B erzelim 
Pogg. Ann. iii. 203).-*. From the same locality; specific g^yity 4-46 (jS sons 
It^mdaherd$ Mineralchende, p. 321).— c. From the gold-washings at Clarktvui 
Qeorgia: specific gravity — 4'54 (Smith, Sill. Am. J. xviil. 377): 

100 
98-97 
100-56 

CasfrfwnatJife, oe«®*>8“ crystals (apparently dimetric) and j“ 

sand of Bahia, consists mainly of phosphate of yttrium. D amour (h8htut. xx .J. 
fonnd in a sample having a specific gravity of 4-39, 31_64 per cent. P 0 , 60 40 j 
7*4 titanic oxi^> and zirconia, 1*2 uranic and ferric oxides. 


psQ* 

Y"0 

Ce"0 

Fe*0» 

SiO* 

a. 33-49* 

62-68 

. 

3-93 

. . «■ 

b. 80-74 

60-26 

7-98 

. . 

. ■ ™ 

c. 32-45 

1 64-13 

11 -oat 

2-06 

0-89 


• With trace of fluorine. 


f With lanthanum and dldymium. 
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pl,o»pltaM* of zinc. a. «e<ai>/««p4a<e»._When a Eino-Balt U treated with 
,,,^ph„ric acid mthe Mme tnaper aa for the preparation of cupric di-metaphoapCto 
p.C60).tUe ma »8 on alow cooling yields indistinct crystals of ziuc-dimetaphosphate, 

It is insoluble imrater, and is not decomposed by dilute aqueous acids or 
,|kalis. or by sulphide of ammonium. When treated with strong sufphuric acid or 
used with an alkaline carbonate, it yields orthophosphoric acid. ^ 

A ammonium-dimetaphosphato yields the 

lydrated salt Zn*P\0‘^8H^0 in small transparent crystals, insoluble in wuUt but 
let'omposed by ^Oiling therewth. The water of crystallisation is not complotelv 
ixpolled below a red heat, and the salt does not midt even at a brlglit red heat. The 
loiistitution of the salt doe* not appear to be altered by heating. (F le i tmann.) 

A Orthophosphates. — nwnozincio or acid phosphate ia formed by dissolving 
:inc, or carbonate or phosphate of zinc in excess of phosphoric acid and cvaporatini? 
[t is a gummy mass which melts in the fire to a tran.sparent glass. When a small 
inaiitity of alkali is added to its aqueous solution, the neutral salt is deposited. 
Wenzel.) 


2Zn"0 


The disincic saXt^ [ P"0*.2II*0 or Zn'I£‘^P*0*'.2H®0, is deposited in shining 

amiaaJ on milling a solution of 3 pts. of zine-sulpbate in 32 pts. of hot water, with a 
solution of 4 pts. of crystallised disodic orthophosphate in 32 pts. of hot water. The 
'rystala do not ’lose water at 100°; but at a temperature below the melting point of tin 
Ihiy give off 2 at. water, retaining their lustre ; at a red heat the dehydrated salt fuses 
mul gives off its basic water. (Graham.) 

The trizmew or neutral salt^ 3Zu0.P^0^2H*0 or Zu®P*0".2fI*0, is precipitated on 
mixing a solution of a zinc-salt with disodic orthophosphate, the supernatant liquid 
Lxcoming acid. When the solutions are dilute and mixed in the cold, a translucent 
jelly is at first produced ; this, however, soon becomes opaque, and aggregates into a 
white cryBtallino powder. If the solutions are mixed boiling hot, no jelly is 
pmilaccd, but the pulverulent precipitate is formed at once and has the same composi- 
tion. The same compound is doubtlt'ss formed on digesting carbonate of zinc with 
iiqut'ous phosphoric acid not in excess. It is a white, crystalline, tasteless powder 
wliich m(‘lts easily, forming a transparent and colourless glass. It is insoluble in 
vnt('r, soluble in acids, likewise in ammonia and in carbonate, sulphate, chloride and 
nitrate of ammonium — in the last three, however, with slight turbidity. 

Tlte same salt with 6 at. water separates in large flat prisms and lamin® when a 
sohilion of the acid zinc-salt is mixed with absolute aleohoL (Reynoso.) 

Phosphate of Zinc and Aminmnium. — ^When a solution of sulphate or chloride of zinc 
is precipitated with phosphate of ammonium containing free ammonia, a white, bulky, 
iltjceuh'nt precipitate is formed which, when digested in the liquid, becomes crystalline 
after the free ammonia 1ms escaped. The dry salt is a white powder, insoluble in 
iv.iler, but soluble in acids and in free potash, soda, or ammonia. Its composition 
appears to be intermediate between Zn*( NIP )^P*O^2lI*0 andZu®(NH‘)'''P*0*.Zn"H^O*. 
211*0. (Bette, Ann. Ch. Pharm. xv. 129.) 

'y. Pyrophosphate of Zinc m formed by precipitating a zinc-salt with pyro- 
phosphate of sodium. The p)recipitate is decomposed by boiling with ordinary plios- 
I'liate of sodium, yielding ordinary orthophosphate of zinc and pyrophosphate of 
sodium (Strom eyer). The salt precipitated as above forms a white bulky mass, 
vhioli in drying shrinks up like hydrate of aluminium. If it be suspended in wat<!r, 
“ikI sulphurous acid gas passed through the liquid, the whole dissolves, and the solu- 
hon, when boiled, xdehls the salt in the form of a heavy, white, beautifully crystalline 
powder consisting of 2Zn’P*0’.3H*0. Both the amorphous and the crystalline salt 
dissolve in acids and in caustic potash ; ammonia likewise dissolves the salt, and 
»ltohol added to the solution throws down a syrupy mass. (Schwarzeriberg.) 

Zinco-ammonic pyrophosphate is obtained as a white pulverulent precipitate, on 
adding pyrophosphate of sodium to a solution of zinc-ehlorido mixed with ammonia an 
fcul-ainmoniac. (Bette.) 

Wiosphato of Zirconium, 3Zr0*P*0» or (Zr" 0 )»P 0 « is precipitated on mixing 
J soluble zirconium-salt with free phosphoric acid or an alkaline pliosp la * 
former case part of the salt remains in solution, but may be precipitated on 
iimmonia. The precipitate is a gummy, translucent mass, like 
foinaining translucent when dry. It is insoluble ih water, somewhat so u 
phosphoric acid. 
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Alcoholic Phosphates : Phosphoric Ethers, 

Each of the three hydrogen-atoms in orthophosphorio imid may be replaced by a] 
hoi radicles, giving rise to acid and neutral ethers analogous to the-metallic phosmiat^^ 
There are also several sulphophosphoric ethers, having the composition of orthoph^^ 
phoric ethers,* in which the oxygen is more or less replaced by sulphur, A lurutr 
pyrophosphate of ethyl is also known, but no metaphosphoric ethers have yet beo 
obtained. In connection with these alcoholic phosphates may also be mentioned ar 
acid consisting of phosphoric acid in which the hydrogen is partly replaced U 
acetyl. - ^ 


PliospliateB of Amyl or Amyl*pl&ospliorto Stliers. Two of these coni' 
pounds are known, viz. mono- and di-amylphosphoric acid ; the neutral ether has 
not been obtained. 


1. Amylphosphorio acid, C*H**PO* « (C*H")H*PO* 


(PO' 

(C®H' 




(Guthrie, Chem. Soc. Qu. J. ix. 134.) — This ether is prepared by mixing eqna] 
weights of syrupy phosphoric acid and amylic alcohol, leaving the mixture in a Marni 
place for a day, neutralising with carbonate of potassium, evaporating Over the waUr* 
bath to dryness, dissolving in strong alcohol, and evaporating repeatedly (whereby the 
potassium-salt is obtained), then precipitating by acetate of lead, filtering and washing 
(whereby the lead-salt is obtained), precipitating the lead by sulphydric acid, then 
Storing, and evaporating in vacuo. 

* Tt is a colourless, transparent, crystalline, deliquescent mass, easily soluble in water 
and in alcohol, but insoluble in ether. It bears the heat of a water-bath without de- 
composition. When heated in the flame of a lamp it burns with a white flame, 
leaving a residue of phosphoric acid. It is a strong acid, and decomposes carbonatfH. 

The amylphosphates, are all anhydrous at 100*^: those of tho 

alkali-metiils are soluble in water ; the rest are insoluble or sparingly soluble, and may 
be •prepared from the potassium-salt by double decomposition. They all dissolve 
. readily in nitric or hydrochloric acid, and bear the heat of the water*bath without 
decomposition. 

ThQ potassium-saltf C^IT^K^’O^ prepared as above, is tenacious, finely crystalline, 
translucent, and deliquescent ; yields amyl-alcohol when heated in a tube. A solution 
of this salt subjected to electrolysis yields at the positive pole, carbonic anhydride and 
oxygen, and an acid liquid smelling of valeric or butyric acid, while the liquid at tho 
negative polo gives off hydrogen, but remains odourless, showing that no amyl- 
compound is there eliminated. 

The ammonium-saltj C*II“(NH‘‘)*PO*, obtaincfl by direct neutralisation, or by de- 
composing the copper- or lead-salt with sulphide of ammonium, resembles the 
potassium-salt. 

The barium-salt, C'‘H”Ba"PO\ is precipitated in white scales having a silky 
lustre. 

The lead-salt, C®H"Pb'TO^ dried at 100°, is a bulky white anhydrous powder. 

The copper-salt, C‘H*'Cu”PO^ is almost white when first precipitated, hut gradually 
turns bluish, and in the dry state forms a light blue amorphous powder. 

The silver-salt, C*H“Ag*PO\ is a white bulky procipitjite, which turns grey on ex- 
posure to light, and is decomposed by long boiling with water, yielding metallic silver. 

When heated on platinum-foil, it turns yellow and leaves pyrophosphate of silver. 


2. Piamyl^phosphoric acid, C‘®H**PO^ « (C®II")®HPO* 




(Fehling, Handw. d. Chem. i. 703.) — This compound is prepared by adding 1 pl- 
pentachloride of phosphorus very gradually to or 2 pts. of amylie alcohol, rise 
of temperature being checked. The product is "heated in a retort to expel ttie 
simultaneously formed chloride of amyl and hydrochloric acid, then thrown into water 
saturated with carbonate of sodium, and shaken with ether; the ethereal ^ 

amylic alcohol is removed, and the diamyl-phosphoric acid isolated by adding hydf®' 
chloric acid. The acid so formed contains two additional atoms of water, whicn ar 
removed by drying over sulphuric acid in vacuo. . 

Diamylphosphoric acid is an oily liquid of specific gravity 1*026 at 20°, but ^ ® 
in*hot water. It is nearly inodorous, but has a strong acid taste. It is 
luble in water, but dissolves easily in alcohol and ether. It is permanen^t 
temperatures, but decomposes when distilled, yielding amylic alcohol. W^hen oo\ 
with water it also yields amylic alcohol, and the residual liquid prob^Wy con 
inono-amylphosphoric acid. 
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Dianiy^P^®®P^®^P and saturates bases completely. The 

lij^niylphosphates, (9»H“)"MPq* and (C"H'»)*M'T*0«, are all anhyclrous, and are 
Icoomposo^^ by boiling \ntli water, giving off amyl-alcohol, and apparently being con- 
rerted into mono-amylphoyliates. The di-amylphosphatea of the alkali-metals are 
•efy soluble in water, and remain as unerystallisablo unctuous masses when their 
iolutions are evaporated ; those of the alkaline earth-metals are but sKghtly soluble in 
vater, more soluble in alcohol. The aqueous solutions give precipitates with plumbic, 
■upric, manganous, mercurous salts, &c. The following salts have been examined by 
tfarx and Lemppenau. 

The barium-saltf (G*fi")*Ba'P*0*, obtained by digesting the aqueous acid with 
jarbonate of barium, and evaporating in vacuo or at a gentle heat, forms silky, asbestos- 
ike masses of crystals. — The calciuin-salt, prepared in like manner, is also crystallino. 
^The copper-salt is a greenish-blue precipitate, soft and unctuon.s when dried.— The 
f'erric salt, obtained by precipitation, is a whitish powder, insoluble 

in water and in alcohol. — The lead-salt, (C*H.“)^Pb"P’'0", obtained by precipitating 
he ammonium-salt with acetate of lead, is a loosely coherent, curdy precipitate, 
insoluble in water and in alcohol. By precipitating with excess of lead-acetate, a dense 
pnlvcrulent precipitate is formed consisting of a basic salt, (C*II'>)qV'r^O".Pl>''IPO‘'‘. 
--The TMreurous salt obtained by precipitation appears to decompose in drying, and 
tlien forms a grey powder. 

hltliylic diamylphospliate, (C‘’H'‘)(C®H")®PO^, appears to bo formed — 1. By boating a 
solution of diamylphosplioric acid in 3 or 4 pts. alcohol of 9o per cent, in a sealed tube 
to 180° ; on treating the contents of the tube with aqueous carbonate of sodium, a 
mobile liquid separates, having an ethereal odour. — 2. By heating diamylphosphate of 
bilver with iodide of ethyl to 100°. 

Triamylic Phosphate or Neutral Phosphate of Amyl, (C^n")*PO\ has 
not been obtained pure, but appears to be formed by heating diargentic amylphosphate 
with chloride of amyl to 180° in a sealed tube : 

0»H‘'Ag*rO* + 2OTI"C1 = 2AgCl + (C»H‘')»PO^ 

On treating tho product with alcohol and mixing the decanted solution with water, an. 
ethereal liquid separates, having an odour quite different from that of amylic alcohol. 
(Guthrie.) 

Bthyllc Pbospbates. ZSthylpliospliorlo Stbers. Pour of these compounds 
are known, namely, the three orthophosphates of ethyl and the neutral pyrophosphate ; 
also several sulphophosphates, 

Etuylfhosfhobio Acin, also called Phosphethylio or Phosphovinie acid, 
(PO)'”) 

C'HTO* =» (C*IP)H*PO^ = C*H* >0*. — This compound was discovered by Las- 

fiiiignein 1820 (Ann. Ch. Phys. [2] xiii. 294), and has been further examined by 
Pelouzo Liebig (Ann. Ch. Pharm. vi. 149), and Church (Proc. 

Koy. Soc. xiii. 520). It is produced by the action of phosphoric acid on alcohol or 
ither, the latter reaction being however slower than the former ; also by the action of 
phosphoric oxychloride on aqueous alcohol. (Schiff.) ^ 

Preparation. — 1 pt. of 95 per cent, alcohol is mixed with 1 pt. of synipy orthoplio.q- 
phoric or pyrophosphoric acid, the mixture heated for some minutes to 60 or 80 , 
diluted after 24 hours with eight times its bulk of water, and neutralised \ntli finely 
pulverised carbonate of barium. The whole is boiled for a while to drive off ttm nnoom- 
bined alcohol, then left to cool down to 70°, fi.ltorod, and the filtrate left in a cold 
place that the ethylphosphat.e of barium may crystallise out. From the aqueous .solu- 
tion of this salt the acid may be obtained by carefully adding sulphuric acid and 
filtering; it may also bo obtained by decomposing the lead-salt with sulphydnc acid and 
filtering. Either of these filtrates evaporated, first over tho open fire, and ^ 
oil of vitriol in vacuo at ordinary temperatures, leaves the concentrated . ^ ; 

0^ an oil, which neither dries up nor decomposes when left for a longer time m Aatuo. 

The concentrated acid is a colourless, inodorous, viscid oil, 
strongly, and has a biting sour taste. It deposits a few sinning ° ^ " mixed with 
however, do not increase at 22°. When boiled, it first gives off ether 
^taol. then etVlene gas with a trace of wine-oil, and leaves vS dsTure 

^th charcoal (Pelouz^e). When distilled wth acetate of potassium, it yields pu 
acetic ether, (Li ebic, Ann. cL Pharm. xiii. 32.) * 

The acid mixes with water in all proportions, jn^all propor- 

a, certain point without decomposition (Pelouze). It likow s * • P 

hons with alcohol and ether. 
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; iftHylphoephates, C*H^M’I^WTh6fl6 8alua]« aUmore 
md eiTatallisalMiliK . The lead-^alt iidhe least soluble. Most of t&em hate a fiiaziinii 
of solubility at about 40-—60‘^. 

amTtumiwn-Balt is easily prepared by Saturating the acid trith ammonia. Hg 
aqueous solut^u becomes acid on eyapdration^v but the salt may be obtained in a semi- 
crystaUine Ibm by evapo^^ in vacuo over Oil of idtrioL Wlien careftiUy heated iil 
an oil-bath it g^gs off ammonia as well as wa^, but appears to yield ethylphospha- 
mic acid, amon^ Other products. ^ ' 

Arsenioua emylphosyhate^ (C*H*)*As®P®0**, is obtained in- boatful ftathery cm* 
tals by dissolving arsenious anhydride in the boiling aqueous acid and evaporating 
also by Warming a mixture of arsenious chloride and an equivalent quantity of anhy^ 
drpus ethylphoephate of lead (or silver )» exhausting the mass with warm water, and 
evaporating the filtrate. This latter method, however, is not so good as the fomer 
as the salt is slowly decomposed by water into arsenions anhydride and ethylphosphoric 
acid. YChurch.) 

Eth^phoaphate of Barium^ (C*H*)Ba''PO* 611*0, prepared as above, forms colourless, 
very short, right rhombic prisms, passing into six-sided tables by truncation of the 
acute lateral edges. It tastes agreeably saline and bitter^ efitoresceS very slowly in the 
air, gives off its water of crystallisation at 120°, acquiring at the same time a poarly 
lustre. " The crystals of the hexhydrated salt immersed in a boiling saturated solution 
immediately assume a pearly aspect, and are found after drying in vacuo to bo 
converted into the monohydrate, (C*H*)Ba"P0^.H*0. On the other hand, this mono- 
hydrate, or the anhydrous salt, when treated with cold Water, is immediately recon- 
verted into the hoxhydrate. A saturated solution of the ordinary salt evaporated nt 
5()°— 60° deposits pearly plates of a hydrate intermediate between the mono- unJ 
hexhydrates, viz. (Churc h.) 

Tha,..auhydrQUS salt heated to dull redness gives off water and carburetted Iiydrogcn 
with ^ ^Cohol and ether, and leaves dibarytic pyrophosphate mixed with char- 

fcoal. The principal decomposition is represented by equation : 

- 2C*H»Ba''0* - Ba*P*0* + 2C'H« + H»0^ 

,•4 

If the dry salt be mixed, before ignition, with carbonate of pptassium, it likewise yields 
no aldbhol, but the same volatile products as when heated alone (Pelouze). From 
the cold aqueous sohition mixed with nitric acid, alcohol throws down nitrate of 
barium, leaving ethylphosphoric acid in solution. 

The salt is most soluble in water at 40°, and the solution saturated at that tempera- 
ture deposits crystals of the 6-hydmted salt, both when heated and when cooled : 1 [it. 
of the (hexhydrated?) salt dissolves in 29*4 pts. water at 0°, in 30-3 pts. at 6'^, in 1 1 1 ) 
pts. at 20°, in 107 ptS; at 40°, in 12-5 pts. at 50°, in 11'2 pts. at 65°, in 12 4 pts. at 
60°, in 22’3 pts. at 80°, and 367 pts, at 100°. The salt is insoluble in alcohol and 
ether, and is precipitated by those liquids from its aqueous solution. 

The aqueous solution precipitates the salts of lead, mercury, and silver, but not those 
of iron, nickel, copper, gold, or platinum. . 

The cdlcium~8€dt forms micaceous scales slightly soluble in pure water. 

Ferric eihyl'ylMsphate, (C*H*)*Ir^e*P*0**.6lI*0, is obtained by precipitating a hoi 
solution of the silver-salt, with an equivalent quantity of ferric chloride also di.ssolved 
in hot water, and separates in straw-yellow films from the filtrate when heated to th< 
boiling-point. (Church.) ' 

By precipitating mixtures of ferric and aluminic chlorides in various proportions 
with ethylphoephate of silver, or heating mixed solutions of ferric and alumini< 
ethylphosphates to the boiling-point, or adding ab8o]ut.e alcohol to them till onlj 
a part is precipitated, Church has obtained ferrico-ctluminio tthylphos^haU^ 

contiumpg respecrively (0‘tf*)*Fe*ArP*0".6H-0, (C*H“)*fe»Al*P‘O**.6H*0, am 
(C“H‘/F'e"Al»P*0« 6H“0. „ 

iLjerroso ferric ethylphosphate^ (C“H*)«Fe*Fe*P®0®*.6H*O, is obtained by preeipi 
taring the barium-salt with a solution of mixed ferrous and ferric sulphates, 
’:Mding alcohol to the filtrate. 

The lead-ealt, (C*H*)Pb"PO^.H*0, obtained by precipitating a solution of tb 
barium-salt nearly saturated at 70° with acetate of lead, is almost insoluble in <*ol' 
water, but slightly soluble in hot water; ftom which it may be ciystallLsed. It may ^ 
qbtuined anhydrous by heatingit to 130°?-160°. (Chu r ch.) 

mercuroua edit, apparently coattilhing (C*H*)Hg*PO®.2H*0. is obtained o 
pl^pitatiott ftom moderately coBcentrat^^^lutions in pearly plates. It dissolvt 
slightly and with partial dc!^po«tlii^wll^d water, but is insoluble in alcohu 
(Churoha ^ ^ > 
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obtained bv jMi^^ting the ba^um-salt with t^«' 
*^e deliquescent and diffiesdt to crjstallise. ' - 

Xhe 8ilwr‘Stdt,X^^!^*)^^^p\lS*0, is c^stall&e and sparingly atdilble. 

Xae strQniium-sdlf crystallises with difficulty in hydrated crystalai is muclf less 
Stable in hot than iu cold, water^ and is precipitated from the cold aqueous solution 

[jy. idCOhob ■ ^ ^ ■ , j. yy 

Tb? uranic saltf ’s obtained hy dissolviiiff u^ie oxide in 

jthylphosphorio acidj and evaporating the filtered solution in pale yfiSowfloeks, which 
fry up to amiOrohous, brittlOy lemon-yallow masses* It is less soluble in boilins water 
SniawaterateaforTOO 

^kyl^hosphafe of Tetrethylamimnium, (C2H3)(C®H:**N)-P0<, is obtained hy precipi- 
tating a hot solution of the silver-salt with iodide of tetrethylammonium, and evapo- 
[liting the filtrate, first at 100°,^ then oyer sulphoric acid in vacuo. It forms a confused 
nass of crystals, which lose ^heir transparency on drying, are extremely soluble in cold 
(futer, and deliquescent. It begins to decompose at 100°, and is completely resolved 

higher temperatures into triethylamineaud triethylic phosphate: 

(q*H»)[;(C*H*yNl*PO« « 2(CTP)=*N + (C*E»)*PO*. 

ETHYL-sunPHOPHOiJfHORic ACID, G*IPPSO> == C*II\H*.PSO»— This acld, dis- 
covered by Cloez (Compt. rend. xxiv. 388), is known only in aqueous solution, and in 
its salts. The yotaaciujn- and sodimn-salta are easily obtained by agitating sulpho- 
chloride of phosphorus with alcoholic potash or soda : 


e^H«0 ^ 6KHO + PSCP 


C*IPKTSO» + 3KC1 + 3H*0. 


PlETHYL-PHOSPHOniC ACID, C^H**PO^ — (C*H*)*HPO* 


They dissolve readily in water and in alcohol. 

The harium-y atrontium^^ and calciwu-salts, obtained by saturating the aqueous acid 
vitli the corresponding carbonates, are crystallisable. The formula of the barium-salt 
isC^H^Ba^PSO*. , . 

<POy” ) 

(CTP)4o. 

H ) 

(Vogeli, Ann. Ch. Phami. Ixix. 180.)— This acid is formed, together with the iireced*' 
ing, when absolute alcohol or ether, in the liquid or gaseous state, is brought in 
cou tact with phosphoric anhydride. The absorption of the vapour affords the best 
mode of preparation, because when phosphoric auhydrido is introduced into liquid 
alcohol or ether, great heat is evolved, and the phosphoric anhydidde forms into lumps, 
which are very slowly acted upon. 

Preparation . — ^Phosphoric anhydride is placed over anhydrous ether or alcohol (tre , 
latter yields the best product), and the whole is ctivcred with a bell-jar to keep out the 
moisture of the air. The anhydride then ab.sorbs the vapour, and in a week or a fort- 
night didiquesces to a syrup. This syrup is saturated with carbonate of lead, the m- 
soluble phosphate of lead, &;c., removed by filtration, and the filtrate evaporated over a 
water-bath or a sand-bath. A sparingly soluble lead-salt (ethylpliosphate) then sepa- 
rates out in pearly crystals. On further concentration, the solution yields groups of 
crystals like cafteine. These crystals consist of the diethylphosphato of lead ; they 
may be purified by rcdissolving them at a very gentle heat and recrystallising. 
ihc solution of this lead-salt the lead may be precipitated by sulphydric acid ; and the 
liltrate evaporated in vacuo yields the hydrated acid in the form of a syrup, which does 
Mot crystallise, and appears to be partially decomposed. 

The syrupy acid when heated gives off pungent acid vapours, and aftciwaras p lo - 
phoric ether, recognisable by its odour. The decomposition terminates with a violent 
frothing of -the whole mass, and phosphoric acid remains behind. 

The diethylphosphatea have the composition (C’'H*)'MPO or (C H ) .l , 
cording to the atomicity of the metal. They appear to be all solvable in water. 

The harium-aalt ia formed by saturating the aqueous acid with carbona ° ‘ * 

It dissolves readily in water and dilute alcohol, and may bo obtained i ^ 

(CPH^VCaTHJ*, is obtained by adding rarbonate or hy^to of , 
calcium to phosphoric anhydride which has been left to deliques<» 
ctlicr, or to the aqueoais acid prepared hy decomposing the Icad-wilt with e 

“id, or by decomposing the liad*salt with an bWioUc solution of cUlondo of, 

“feerysolnhle ill water, 10s» sdnblo In dilate ahmhol, 

alcohol, crystallises on cooling ftom a warm, concentrated aqueous solution, o 

Xton graduaUy e^powtod, im sU^ g«>»ps <>( f„. ’’i^tlilfe^d 

ItOB the solution in dilute slcSol iti«ji|li^ "“dies. When strongly hoaUU, 
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r JdeM ih a simila^'M 
iU ia water ; thh latter crystailises in 


The othiv di< 


phates are decoxaposed by 
The iMiqr^nwm- and nickel-salts, are very j 
groups (jillahiinse. 

DiBtHYxstJi.pifoPH08PHOBio ACID, (C*H»)*H^SO*. (Cariue^ Aun. Ch. Pham. 
.(Bxii. 190 ; Jahresb. 1859, p. 442.)— This apid iis formed, together witfe triethylic diaul* 
phbphosphate, by the action of pentasulphide^f ’jphosphorus od;^^ 

60^H«0 + P SV « (C^HO^pSO* + (C*fl.»)»PS^ V2H*S. 

Diethylsulphophosphoric acid is a visOi^-^ily liquid having a strongly acid iindlike. 
bitter taste. It may be boiled in aqulSo^ bi alcoholic solutiomwithout decompo- 
eition, but decoinp^ee v^hen strongly heated per s^ giving oflf mercaptan (and perhaps 
also, sulphide of eth^J, and leaves phosphori^^ acid. It forms/very stable salts, among 
' 9 r\Ai^^<baminonium<^\pota^^ sodium-^ barium- dissolve easily 
in watery ax^ are soluble also in absolute alcohol and even in ether; the silver-salt is 
'newdy inaolhbile in water, but very soluble in alcohol and in other. The silver-, lead-, 
separate from their solntion.s by rapid evaporation in oily drops, wliich 
I for a long time, but solidly iH the crystalline form when touched with 


and zinc< 
remiedn 
•a hand, bM]^ 

bliTHTJ^DISUDiP 
Produced, together wll 
’’(^/ra) with nxercaptan in h sealed tube 
* (C«H»)*PS*0* + c*mH.s 

Triethylic disul. Mercap- 

phuphosphaCe. tan. 


.QSPHOBtil^diB, (C*n*)®HPS‘0* (Carius, loc, ct7.).— 
lylic sulphide, by heating ^triethylic disulphophosphate 


(CW)TOS20» 

Diethyl-dUul- 
phuapho: ic 
acid. 


(C»H*)*S. 

Ethyf'C 

sulphide. 


It is a transparent, colourless, amorphous mass, viscid at a gentle heat. Its salts are 
produced by the action of alcoholic sulphydrate of potassiifm or sodium on triethylic 
msulphophospbate, mercaptan being formed at the same time : 

, ^ ^ (C«H®)»TS*0* + KHS = (C'-‘H')«KPSW + C»H\H.S. 

Bibthyl-tethasulphophosphobic ACID, (C*H*)*HPS\ — The potassium-salt 
of this acid is formed by the action of alcoholic sulphydrate of potassium on triethylic 
tetrai|ulphophosphate. (Carius, loo, cii , ) 


TaiB^ihYLio Phosphate, (C*H*)*P0^ = 


_ (PO)" 




|o».- 


-This ether was disco- 


vered by Vogeli, who obtained it— 1. By heating dietbylphosphate of lead to 190° 
(yid. .2..In smallquantity, together with diothylphosphoric acid, by the action of 

phosphoric anhydride on alcohol. It is likewise prodneod — 3. By heating phosphate 
of silver with iodide ^ ethyl to 100® (a slight a9tion takes place also at common 
temperatures), exhausting the mass with ether, heating the liquid which i^matns alter 
the evaporation of the ether to 160^ and distilling it in vacu6 at 140®:Xl^e Clermont, 
Ann. Ch. Phorpi. xcu 376). — 4. By the action af oxychloride of pHo8phoriu|.,<)n ethylate 
of sodium: .■ . 

3C^»NaO + POCl» =. 3NaCl + (C*ll»)T^ 

The liquid filtered i^m ^ chloride of sodium is freed from ether heating 

and the residue is distilled (Limpricht^ Ann; Chv !Phani[x. cxxxiv. 340* 

^ ‘1“ *i^**-pf the oxychloride on absolute aj^pobolii ’ (Sp h i f f. ) ■ .. 

bate is a limpid liquid, havipg a peculiifr q^^ur, a specific gravity 
nd boi^lig at 216®. It is 8Qlubl^^jq^.w4ter, aJ^holl and ether, but is 


is obtained, together with 
..ipif^^ntasu^hide of 

\vitq5*ypotfr of water. 
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S»hoiio Bnl^liydrate of or sodium,’ it yJel^ dtathvii 

Md raerwptaa (Cari*^p.v5»*X With jjfcoiW*, it yirfdoi 

together with a sulphide ^ethvl, ajid^^e x;adicle of the 
alwhdl employed ; «,^.wathhiUyTicT^^ . *T ,* T 

(C*H*)*PS20* + p (C*H*)*HPS*0» + (C*H:»)(0»H»)S. « 

TBiBTtfYi-io TtT»A8ULPHoiHo;5iP«lT*, (0*H?)»PS\ (OAriu^ foc. rf^.V- 
produced hy the action..^ pentasulphide of phosphoiuB on mercaptaiL OP better, on 
mercaptide of mercury : 

+ P®S» « 2(C*H»)«PS« + 31Tg'K 

It is e light yoU^W oily ‘liquid resembling triethylic disulphopliosphate, but more 
easily decomposible^ sulphydrate of potassium it yields diethyl- tetra- 

i“'‘^~'"'“phoric seid, and with hydrate of potassium, the potassmm-salt of another 
diethyl'tpiBulphophosphoric acid, (C*H*)*HPS»0. 


TbtbkTWYi:.io Pybop:beosphate, (C*H»yF'0» (Tie Clermont, loc . c/<.)— Pro- 
duced by hOatihg dry pyrojphosphate of silver with iodide of ethyl to 100° in a sefiled 
flask.' The filtered Uqi^d ^ then distilled at the heat of the water-bath, and the viscid, 
residue is dried tiy passing air through it at 130°, and then heating it in vacuo to 140°,. 
It is a viscid, liquidi of specidc gravity 1*172 at 17° ; has a peculiar odour and burning 
taste bum's with a whitish flame, difiiisjing white vapours. Potash decomposes it, 
forming cwt^lisablo dcKquescent 4iothylphosphate of potassium. It is soluble in 
water, al^faob an^ ether, soon turns add when exposed to the air, and dissolves a small 
quantity of silver-iodide. / 

Wetbyli^ Pbospliatea or Methylpliospborio etbera* The monomethylic 
and dimethylic phosphates have been obtained by Hugo Schiff (Ann. Ch. P^rm. 
cil 334) ; the trimethylic ether is not known. 

The two acid, ethers are produced simultaneously: 1. By the action of phosphoric 
oxychloride on methylic alcohol : , 

3(CH»)HO + POOP « (CEf»)H^PO* + 2CH»C1 + HCl, 
and 3(CH»)HO + POCP « (CH»)»HPO^ + ^CH*Cl + 2HCi. 

On mixing the two liquids, great heat is evolved, vapours of hydrochloric acid 
and chloride of methyl given off^ and a dark red liquid remains consisting of mono- 
and d^othylphosphoric acids, the former being in the greater quantity. But, if the 
phosphoric oxychloride be placed in a flask attached to the lower end of a condensing 
apparatus, and standing in cold water, and the wood-spirit bo added by drops front the 
upper end. each addition being made only after the reaction produced by the former 
has subsided, the product consists almost entirely of dimethylphosphoric acid, which, 
after the red liquid has been freed from hydrochloric acid and wood-spirit by heating 
it for several hours in the water-bath, remains in the form of a colourless symp, but^ 
by continued heating over the water-bath is gradually resolved into wood-spirit and 

phosphoric acid. , , i. i i. i. • 

2. By the action of pentachloride of phosphorus on methylic alcohol, phosphono 
oxychloride being fost formed, as shown by the equation, 

(CH»)HO + PC1» =» POCl» + CH'Cl + HCl, 


and then acting on the rest of the methylic alcohol as above. 

Oimethfflphotphorio acW, (CH*)*HP.O‘ - (CH»)4o», is yeiy sour, attacks 

H 3 

zinc with evblution of hydrogen, aud decomposes carbonates with facility. The aqueous 
solution is readily decomposed by boiling, apparently with formation of monometuyl- 
phosphoric acid. It is soluble in alcohol and ether. 

The diftathylphospUates, (CH*)*l!IPO‘ and (CH»mT*9', we obtained by 
neutralising the Mneous acid with the corresponding carbonates. ^ 

Bolublo may also^ obtained by precipitation. They are easily 
monomethylpbosphates, which are much less soluble and senate ““t o” e' aporatiom 
> dimeflij^lphSsphatSS tie mostly colourless. diesolTS pretty readily in water, less 
in alGnhrtl Mftf. .a4-. oil in n.n<l ope TiFecimtated by alcohol and ether trom 


e^le^hohToJrjsST 

cfritrated solutions,- 


lates are mostly coiouriess, oibsuiv® r 

in slher, and sie precipitated by alcoU 
-Almost aU of them contain several atoiM of 


Boiunonsa^ — ^AiinoBi. tux ux i^em coniain bjovcxw o-w flia hekt is 

boit-Their aqueous solutiomi ^ de<»mppsed by ev^oi^^^^^^^^ 
kept very low. By dis^QlatLO|i they yi^d 
i^esidue of phosphatSh 
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'SUecaldumrtaU, (CH*yCa'T'0«, Bepaiates in warty aolnbU 

The maqneaiwm^dlt is a white powder soluble water.—The is white and 

rather TOluble.— The iron and copper-aalUs appear also to be easily ^luble, inasmuch 
as the solutioh of the salt is ppt precipitated by solutions of iron, calcium, or copper.— 
q^he lead-salt, (CH*)^Pb'T*0», is precipitated from the concentrated aqueous- solution 

^^The^soluUe^^methylplu^spha form white prompitates witK^alts of cobalt, mercury, 

^^The^monomefchylphosphates, (CH*)M®PO^ are 111 U& less soluble in water 
than the dimethylophosphates. The barium-salt, (CH*)Ba PO .2H 0, is less soluble 
in water at 100® than in lukewarm water, and separates as soon as tho solution is 
placed over the water-lbath, in laminrn having a strong lustre. It gives off the greater 
part of its water of crystallisation even on exposure to the w a ^jther Portion over 
sulphuric acid, losing its lustre at the same time, and the whble (2 at.) at 160®. When 

strongly heated it gives off combustible gases. , 1 i -j , 

Sidv^chloride phosphorics forms with methylic alcohol an acid ether, whose 
barium-salt is soluble in water. This ether is probably monomethylic sulpho- 

phosphoric acid, (CH*)II*PSO*. 

Addbmdum. Methylphosphorous acid, OTPO* = CH*|.0*(Schiff, /oc.cii.). 

— Prodiux^d by tho action of trichloride of phosphorus on methylic alcohol: 

3CH^0 + PCP = CH»PO» + 2CH=»C1 + HCl. 

Trichloride of phosphorus is added by drops to methylic alcohol as long as any action 
S Xce, and the liquid is left in a warm place for sevenil hours, to expe hy.lro- 

and excess if methylic alcohol. The compound is thiis obtained in tlm 

form of a nearly colourless, very acid syrup, which draws out into threads and eanno 
be made to crystallise. On attempting to concentrate it further by heat, it is resolved 

obtained by treating the eorrf^Fnding 
carWates with the aqueous acid. By evaporation at ordinary Uunperati^es or at a 
very gentle heat, they are obtained as amorphous inasses winch 
Itrucfure when scratched with a sharp-edged tool. When strongly heated, b 
off i)hoST)horettod hydrogen and combustible hydrocarbons, leaiiiig a resic.ue p - 
^ TS amorphous phosphorus. They are liygi;o.soopic, and d.sso 
sparingly in aUol. and not at all in etUnr. , aqneons soto 
d^eomoose slowW at ordinary temperatures into methylic aleoliol and l>»‘f 

iron ; with mercuric riMdc, it forms a wh te prco.p.ta o ; and with mtraU oj .Uver, 
precipitate which is white at first but qmckly yields reduced silver. 

PbenyUo Pbosptoate* or PbenylpboBpboric Bther*.— 1. 

spheric acid, (C«IP)HW, !*“ 1* ^^iHudlts 

vkiii. 520), but the mode of preparation is not desenhed. Both the acifi ana i» 
oxidise Rapidly. (POy” ") 

2. J,iphen!flphcsphoricacid,C'^B}'VO' = (C«H»)«JO--Tbis acid ether 

obtained by the action of pentacbloride of 

from saUevlic aCid (p. 390), and appears to constitute the chief portion of the p^ 
&teS teteperi*^ure. it is a|^nnlar “fS tt 

from adhering liquid by pressure between paper, may be kept in paper i i o 

caustic 8 <Sa to wUch a little rfeohol 18 added, fommg fee o; 

/C^H^WaPO*. which ciwstallises on cooling from a hot Jlter 

- 1^2. l>y 22-64. 22-82, and 2^ &« 

«-96 8-91. and 9 02 per cent, phospboms, J, »ent. ph"* 

2(C'^*)*NaP0*.9II®0, which requires 22-95 per cent, water and 8 ^ , P . ^ neeik 
. Sioros.^ ^eames (under circumstances ngt precisely 

^reobtained eontaining24-6a-24-81 percent water; theformda (C 

requires 24-81 percent On mixing the Muecup_Bolntaoit ^ 

^tral acetate of lead, a nacreoua (SyatalUne ptecipitato w formed cop 
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percent le^^ich agrees ne»fly with the formula (Cm*)*Pb"P^O' requiring 2!>-4 
per cent, (ft Watts, CMtn s HanMook, xii. 249 ; and unpuMinAed expirimcnls.) 

Hugo Muller, in making some experiments with the view of obtaining nhenylene 
from phenol by the action of phosphoric anhydride, has aecently' obtained a phenyl- 
phosphoric acid, the formula of which is however not yefmade. out. When phosphoric 
anhydride is brought in contact with crystalline phenol, elevation of temperature takes 
place and a pasty mass is formecl, which on heat being applied becomes homogeneous. 
%e temperature being raised still higher, unchanged phenol distils over, but there is no 
indication tnat phenylene is formed in tliia reaction. On dissolving the residuary mass 
in water and treating it^'with barium-carbonate, a solution of phenylphosphate of barium 
js obtained, which, after precipitation of the banum-salt with sulphuric acid and care- 
ful evaporation, yields the. phenylphosphoric acid in the state of a heavy oily liquid, 
which separates from the concentrated solution. This phenyl -phosphoric acid forms 
with most metals weU crystallised salts* — Tho potassium-^ sodium- and amuionium- 
salts are very readily soluble in water. — ^The magneMum-salt crystallises with 
difficulty, and is moderately soluble in water. — Tho barium-siilt crystallises iumuguifi- 
cent asbestos-like crystals. Solutions of the bariiini-salt give with acetate of li'ad a 
white flocculent precipitate, which soon becomes converted into a mass of fibrous 
crystals. Dilute solutions give no precipitate, but on evaporation yield crystals 
resembling the barium -salt. — The silver-salt a white precipitate which soon becomes 
yellow and brown. Solutions of tho phenyl-phosphate of barium do not give precipi- 
tates with copper-, cohalt-y nwkeUy or zinc-salts in the cold, Imt. when heat is appli(>d, 
precipitates are formed which dissolve again on cooling. The phenylphosphates 
like the corresjronding ethylphosphatcs |x)ssess the peculiar property of being less soluble^ 
in hot water tnan in cold : their maximum solubility appears to lie between 40® and 
60°. {Communication from Dr. Muller.) 


Triphenylic Phosphate, (CTD)»PO* « (Williamson and 

Scrugham, Chem. Soc. Qii. J. vii. 240.) — This compound, the neutral phosphate of 
phenyl, is produced, together with chloride of phenyl, by the action of pentachlorido of 
phosphorus on phrnylic alcohol obtained from coal-tar cr(?o.sote, and constitutes that 
portion of tho product (t he largest) which distils above; tho range of the mercurial 
thermometer. It is purified by treating the crude product with strong aqueous potash, 
removing the potash by washing with water, and distilling the remaining liquid two or 
tlir('c times. 

This other, at tho ordinary temperatures, is a thick, oily, fluorescent liquid, but solidi- 
fies at low temperatures to a mass of crystals. It is inodorous, soluble in alcohol and 
ether, but insoluble in potash except on boiling. It is very expansible, sinking in a 
cold solution of potash, but rising to the surface on the application of lieat,’ and again 
falling to tho bottom on cooling. It is decomposed by etliylah; of sodium, or by 
evaporation to dryness with strong potash ; and on adding nitrate of potassium to the 
residue, fusing, treating the fused mass with water, and iioutralising with hydrocliloric 
acid, a solution is obtained in which the phosphoric acid may be didt'ctcd and estimated 
ill the usual way with ammonia and suljphate of magnesium. The ether gave by 
analysis, 65'92 per cent, carbon, 5 '13 hydrogen, and 8'0() phosjdxoruB, the formula 
(C''H“)»PO« requiring 66-H c%L-bon, 4*59 hydrogen, 97 phosphorus and 19*69 oxygen. 

Olyceropbospliorlo ’ iLold, C’H®PO« =» (C“IpV" |o», existing in the yolk of 

«gg8 and in the brain, and produced artificially by the action of phosphoric acid or 
anhydride on glycerin, has been already dcjscribed (ii. 896). 

AoetylpbospHorto Acid, probably - (C^H=*0)4o».H*0, is obtained 

by the action of acetylic chloride on phosphate of silver. On treating the resultmg 
mass with water, the acetylphosphoric acid dissolves, together with phosphoric acid ; 
and by neutralising the evaporated filtrate with carbonate and hydrate of calcium, pre- 
cipitating with acetate of lead, and decomposing the lead-salt with sulphydric amd, the 
^etylphosphoric acid is obtained as a viscid liquid which is resolved by boiling 
the solution into phosphoric and acetic acids. The barium- s.vA.calcmm~saUs are easi y 
soluble; the former, (PH»Ca"P0«.4H*0, crystallises in radiate needles and prisms per- 
manent in the air. (Kammerer and Cairns, Ann. Ch. 170.) 


(Kammer< 

Aoetylpyroplioapliorio Acid, (C®H*0)H‘P”0'» 


(PO*)*^> 

H* ) 


(N. Men- 


whutkine, Bull. Soe. Ohim. 1866, i. 269-)— 

better of hydric peroxide on aoetylpyrophosphorous acid, (C H 0)H P O CP- - >* 

Q Q 2 
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Tlic haritm-salt^ (C2II*0)ITBa"P*0’.2H®0, is obtained by adding a solution of baiinm. 
peroxide in dilute hydrochloric acid to a solution of potassic acetylpyrophosphito. it 
IS a crystalline precinitate, insoluble in water, moderately soluble in dilute acids. * Its 
solution in nitric acid, decomposed by an equivalent quantity of sulphuric acid, yielfj}, 
the aqueous acid ; and on neutralising this with ammonia, and adding acetate of lead 

the lead-salt, (C*H*0)*Pb*P^0** is obtained as a precipitate, insoluble in water, easily 
soluble in dilute nitric acid. — The silver-salt, (C‘*H*0)Ag*F*0^, obtained in like 
manner, is a white precipitate which gradually turns yellowish. It dissolves witliout 
decomposition in dilute nitric acid and in dilute ammonia, but strong ammonia poured 
on the dry salt reduces part of the silver. 

Acetylpyrophosplioric acid is slowly converted into phosphoric acid by ebullition 
with aqueous acid and alkalis, quickly by fusion with hydrate of potassium or carbonate 
of sodium. 

VBOSPBORirs, OBTBBOIIKCDB OF. POBr».— This compound, discovered 
hy Grladstono (Phil. Mag. [3] xxxv. 345 ; Jahresb. 1849, p. 243), is produced by the 
decomposition of the peiitabromide in moist air : PBr* + H*0 =» 2HBr + POBr* ; 
and in a pure state by the action of the pentabromide on alcohols and acids, e.q., by 
treating 1 at. of the strongest acetic acid with 1 at. of the pentabromide (H. Hitter, 
Ann. Ch. Pharm. xiv. 210) : 

€*H»O.H.O + PBr» « POBr* + C*H"OBr + HBr; 

Acetic Oxybromide of Bromide of 

acid. phospborug. acetyl. 

Vt 1 at. fhBcd oxalic acid with 1 at. pentabromide (Baudrimont, Bull. Soc. Chim. 
1861, p. 118), the reaction being similar to that with the pentachloride (infra). 
After rectification, it forms a crystalline mass composed of large lamina», irxdts at 45° 
or 46® to a colourless liquid; has a specific gravity of 2‘822 [solid or liquid ?] ; boils at 
195® (Ritter). It is slowly decomposed by water into phosphoric and liydrobroniic 
acids, and acts upon alcohols, acids, &a in the same manner as tlic oxychloride. 

FBOBPHORUS, OBYCHZ.ORZB3E1 OP. POOP.— This compound, discovered 
by Wurtz (Ann. Ch. Phys. [3] xx. 472), is produced by reactions analogous to tliose 
above described for the formation of the oxybromide. G erhardt (Ann. Ch. Phys, 
[3] xxxvii, 285) recommends, as the best mode of preparing it, to distil pentachloride of 
phosphorus with half its weight of oxalic acid completely deprived of its water of 
crystallisation : 

C^H^O^ + PCP « POCl» + 2nCl + CO + CO^ 

OP 6 pts. of the pentachloride with 1 pt. or rather more of crystallised boric acid (ihid. 
adv. 102) : 

2H»BO« + 3PCP = 3POC1* + + 6HC1. 

In either case, hydrochloric acid is given off as gas, and oxychloride of phosphorus is the 
only liquid product of the distillation. The oxychlorido is also produced by passing 
oxygen gas into boiling trichlorido of phosphorus ; and by mixing the pentachloride 
with phosphoric anhydride: P*0* + 3PC1® « 5POC1*; and according to Lautomanii 
(p. 635) by heating phosphoric anhydride with dry chloride of sodium. 

Oxydilopide of phosphorus is a colourless fuming liquid having a specific gravity of 
i‘7 and boiling at 110®. It is decomposed by water like the oxybromide, yielding 
jxydpochloric and phosplmric acids : 

POCl* + 3H*0 « 3HC1 + HSPO*. 

Like pentachloride of phosphorus, the oxychloride is largely used for pr^aring the 
chlorides of different radicles, according to a reaction first introduced by Gerbardt 
{loc, cit.) ; with acetate of potassium for example it yields phosphate of potassium and 
chloride of acetyl : 

3(C*H*O.K.O) + POOP K:»P0« + SC'-^H^OCl 
(see Chlorides, i. 897). Heated with metallic oxides, it forms a metallic chloride and 
phosphate. Heated to 100® in a sealed tube with oxychloride of chromium, it reacts in 
the manner shown by the equation : 

lOPOCl* 4- 12CrO*CP « 3Cr*0» + 6CrCl» + fiF'O* + 18C1* (Caaselman.) 

With agueovs alcohol of ordinary strength it forms monoethylphosphoric acid, and 
with einhydrous alcohol, triethylic phosphate (Schiff, Jahresb. 1867, p. 10): 

POCl* + C*H“.H.O + 2H»0 - C*H».H*PO* + 8H01; 
ftnd POa* + 3(C»H»,H.O) « (C*H»)*PO* + 3HC1. 

With awmonioL it forms phospho-triamide, according to the equation : 

pool* + 3NH* = + 8Ha; 
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jod similiufty aniline aioAnaphthylamne, it yields triphenyl- andtiinaphtliylplios* 
phetmmide.e.^..- (PO)” •> 

POCl* + «(N.H«.C'H‘) = (C«H‘)>U> + 3HCL 

H> > 

"VVlien added by drops to heated zinc-cthyl, it acts with great violence and forms a 
rtloivrlesB viscid liquid, solidifying after a while to a vitreous mass, which when 
♦ ated with water, yields insoluble oxychloride of zinc, and a stduble compound of 
chloride with chloride of tetrothylphosphonium, 2P(0“IP)^Cl.Zn'Cl» (Pobal, 
Ann Ch. Pharm. cxx. 19-t; Jabresb. 1861, p. 491.) 

^ fomvounds of Phosphoric (hrychlondc with ’Metallic chlorides ((hiss elm an, Ann. 
rh Pharm. xci. 241 ; xcviii. 213 ; Jahrcsb. 1854, p. 360; 1866, p. 282).— (Ixycliloride 
f nhosphorus forms crystalline compounds with siiveral mitallic cliloridcs. The 
^Lynimi-^compound, AlCP.POCP, is obtained by heating chloride of aluminium with 
^ .ess of the oxychloride in a sealed tube, and separates on slow cooling in transparent 
^flourless crystals. It melts at 165°, solidifies in the crystalline form on cooling, boils 
It a heat below redness, and may be passed in the state of vapour througli reddiot 
tubes without decomposition. It deliquesces when exi)osed to the air, and dissolves m 



1R*;6 n 282) —A maqncMum-compoimu ^ iwg luimcu m iin-v. 

vl,*v slowlv and may be freed from excess of the oxychloride, by prolonged heating to 
1 Jo in a current of dry air. It is inodorous ; deliquescent ; is decomposed by water 
lie the nrececUng eomixmnd ; and is resolved at a red heat into chloride ot magnesiuni 
ind oxlxdiloride of phosphorus.-A staymic cowiyomd, Sn«'^Cl‘.POCP, is produced ini- 
mediitelY as a white crystalline mass, on bringing stannic clilondoin contact with oxy- 
ohlmado of phosphorus. It also separates in crystals from the yellow liquid formed on 
t ^tiiig the^compound SuCWHCi^ with oxycldonde of pliosphorus. It lias a peciiliar 
iMir melts at 65^^ boils at 180°, and if protected from contact with moist air, distils 
nveSmA It fuL^n ..hi air »«5liH.l~sod by watar yielding »ta.m.a 
chloride, hydrochloric acid and phosphoric acid; li a large quantity of water is present, 

‘'Tei£%tSoric"oxychh.rW with chloride of cine is pwluced hy distilling 
the two substances togetlier in an apiwuatas which allows ttio distilled liquid to flow 
wreonUnu^ or by passing th.iva^.»r ot the oxy- 

'uoriroier melted sine-ehlorido, kept at a temperature helow its boiling i«ant. It 

converted by similar treatment into gelat inous massc.s. 

ssx.filO'XBSS OP- Those compounds have recently been in- 

5 i/rtWttWOoA, 11 . 24iS) , xsogt.u with 5 at selenium in a 

klo of phosphoi-us by beating 

stream of carW ^^IJmLlogoos to the glides of phospliorus. A 

-I”" 

lutiou of light and heat. - , r 

« .w iAM 4 <in This coinTiound, when freed from cxces. 

Bemiselenlde or SuHselenide, P ^ rlist ill ition, or by straining through 

of amorphous phosphorus ‘ liquid wliich solidifies at - 12°, and 

a cloth under water, forms a jry it takes fire immediately on 

‘ 1 ■' j Tiitric ncid. In 


.a sulphide of carbon but ^tlons ; but when boiled with 

to be decomposed. It is not attwked y , , hydrogen and formation of a 

Protoselenide of Pto«*P*»oru»i i 
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solid body, 


ly, which subliraes when heated and burns when set on fire with a bright 
flame and red smoke. It is permanent in dry air, but decom^ses ill moist air, giving 
off selenide of hydrogen. It is insoluble in alcohol and ether; sulphide of carbon 
abstracts from it variable quantities of phosphorus. Boiling pot^h-ley decomposes 
it, with evolution of selenhydric acid, and formation of a red substance containing 
both phosphorus and selenium. 

Metallic Seleniohypophoephites.—By carefully heating dry mixtures of pro- 
toselenide of phosphorus and a metallic selenide in equivalent proportions, selenium- 
salts are obtained having the general formul® M*Se.P»Se orMPSe* and M"Se.P*Se ^ 
according to the atomicity of the metal. ^ ^ 

The potassiwm-salt, KPSe, is white and permanent in dry air; m moist air it ex- 
hales selenhydric acid, and becomes covered with a red crust. With de-aerated water 
it forms a solution which quickly decomposes, with evolution of selenhydric acid, sepa- 
ration of selenium, and formation of potassic phosphate. It dissolves with partial 
decomposition in absolute alcohol, and cannot be crystallised from this solution. The 
alcoholic solution added to solutions of metallic salts having an alkaline reaction, 
throws down easily decomposible precipitates consisting of metallic selenio-hypophos- 
phates- the precipitates formed in like manner in acid solutions contain variable 
quantities of metallic selenide. Protosolenide of phosphorus fused with 2 at selenide 
of potassium forms a red substance which when heated with alcoholic solution of 
potash, gives up selenide of potassium and leaves the white compound KPSe. 

The seleniohypophosphites oi sodmm, barium, iron, manganese, had, copper, andw/- 
verexe obtained in the same manner as the potassium -salt. The preparation of those 
containing the heavy metals is dangerous, unless small quantities only are operated 
upon* larger quantities take fire even when bnskly rubbed in a mortar. Tin- selemo- 
h™phosphitcs of the heavy metals, with exception of the manganous salt, are ve^ 
stable, decomposing only at high temperature^. They all dissolve in nitric acid ; only 
the mknganous salt in hydrochloric acid. They are slowly decomposed by boihng 
alkaline solutions. 

Trlselenlde of Pliospliorus or Phospborous Selenide. P®S®.--This com- 
pound, analogous in composition to phosphorous oxide, is a solid body of a dark imby- 
red colour, and having, when pulverised, the aspect of amorphous phosphorus. Whru 
heated it is converted into a yellow vapour which condenses in films of very various 
colour, from light yellow to very dark red. It burns m the air with a fc-ddo flame and 
red smoke; oxidises slowly in moist air; and gives off se enhydric acid when boil od 
with water. It is insoluble in alcohol, ether, and sulpliide of carbon, but dissolves 
easily in caustic potash-ley, less easily in alkaline carbonates. 

Seleniophosphites, 2M«Se.I«Se’ = M‘PW or 2M';S..I«Se> = 

according to the atomicity of the metal When 1 at. phosphorous 
•with 2 ah of a metallic eclenide, compounds are formed which appear to be of dcHn. « 
constitution, inasmuch as if a larger proportion of the phosphorous sclemde be mcA 
the excess may be extracted from the fused mass by solvents, leaving a residue haling 

is yellow, very hygrraeopic, and decomposible by water; 
soluble in a mixture of alcohol and ether, less soluble in pure alcohol or pure ether 
any excess of phosphorous selenide remaining undissolved. The 
the salts of the heavy metals, unstable precipitates of the corresponding metallic com 

^^Thtyellow sodium-salt and the light-red barium-salt 

combination in the dry way; also the manganese-salt, Mn*P*Se», the copper sau, 
Cu«F'Se‘. the lead-salt, i’b»l«Sc’, and the saver-salt A^P-Se', which are ’ 

amorphous and tolerably stable substances, diMolvod 

nitric acid, excepting the manganous sal^ which is dissolved also by boiling y 
chloric acid. . 

. VentsMelenide of Pboaphom., .PtooapHortc SolenWo. 
pound, analogous in composition to phosphoric oxide, is more difflcult of p^^ 
San the pr^eding ; it is necessary to ime very finely dmded by 

precipitation with sulphurous acid and to mix ‘I*®, f “/?y bW 

. ^xpos^ng them in a glass tube to a heat j^t sufficient to melt pho^hotos 
Bu^eettog them to a strong heat. It is tolid, dark red, wbon ; 

in dry air, but decomposes when distillwi. It is insoluble m sulphi 
decomposed by potash-ley even in the cold. , , . , « i like* 

aeleniophosphates, 2M*Se.P*Se* * M^P^Se^-Pentasulphide of selenium 

* Analogous to hypothetical anhydroui bypophosphitos, MPO or (p. 

t Analogous to*hypothelicAl anhydrous phosphites, or 2M*0.F*O . 
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^86 unites with metallic selemdes, apparently forming salts analogous in composition 
to the pyrophosphates ; but they are very unstable and their composition cannot bo 
ref^arded as definitively established. The 2t^tas.sh/m-mU^ K^P^Se^, is dark-coloured, 
deliquescent, and immediately decomposed by water, alcohol, and ether. Hence, when 
added to solutions of metallic salts, it forms precipitates* consisting merely of metallie 
phosphide and selenide. Similar remarks apply to the .sodmm-salt and to the barium- 
salt, which is of a light brick-red colour. — The cojypcr-mlf^ OuH^-Se^, and X\iq silver-salt^ 
jV(T‘P‘‘*Se’, are black, with metallic lustre, permanent in the air, and leave metallic 
phosphides when ignited ; they are dissolved only by fuming nitric acid. The lead-salt 
u) black; the mayiganese-salt light red. 


PBOSPBORI7S, SUXiPHlSES OF. When ordinary phosplioms and sulphur 
are licated together in th() dry state or melted 1,og(*t,her under watcT, combination 
takes place between them, atrmided with vivid coinbustion and t)ft(Mi with violent 
explosion. When amorphous phosphorus is used, the reaction is not explosive though 
still very rapid. 

Six different compounds of sulphur and phosphorus have l)('(*n obtained, namely 
P^S, r*S, P‘S*,P-S®, P“S* and P'-'S*'-*, the first, second, fourth and iiftli being analogous 
to the selenide above described. They may all be formed by heating the two bodies 
together in the required proportions; but the trisulphido and pentasulpliide are more 
easily prepared by warming the protosnlpbidc with additional pr()pi>rtions of sulphur. 
]i*l()reover, the two lower snlpliides, P^S and P-S, cxliibit isoinoric moditi cations, each 
being capable of existing as a colourless liquid and as a red solid. The proto-, tri- and 
pontasulphides of i)hosphoruH unite with mebdlic sulphides, forming suliduir-salts 
HUtilogous to the seliuiium-saltH above described. Our knowledge ot tiu' sulphides 
of phosphorus is due chiefly to the researcli<*s of Perzeliuvs. {TraiU de Chnuic, 
Paris, 1845, i. 815 ; Gmclin's Handbook, ii. 209.) 


BemisulpUlde or SubsulpMde, P^S. Uyposuljulc phosphoreux, PhosphorsvU 
furet a. Colourless liquid modification.—TJiis modilicatioii is prepared by 
incltiuir 4 at. pliospliorus and 1 at. sulphur under hot water, or by heating llitmi m 
the diy state in a sealed tube to about G0<^, after the oxygt n of tlu^ enclosed an- has 
Wnntiiken up by tlip phosphorus : also by digesting pliospliorus lu an uleoliolic solution 

of potassium-persulphide (liver of sulphur). „„i 

The product thus obtained is. at ordinary tempcr.it tires, a tniiisparent colot rless 
liquid, having the consistence of a fixed oil. At a few degrees below 0 it solidities 
filming a mass of slender, colourless crystals. It fiitiies iii the air, 
odour of phosphorus. In at. atmo-spher., free fomi oxygen, it may be ^ ^ 

ulteration. ll. readily takes fire in the air. particalariy when absoid.e. by b di, s. 

It is insoluble in alcohol anti etlii^r; but these liquids are 

even out of contact of air. and tho new products dissolve ()i Is 

remaining sulphide undergoes no alteration, but mere y '"‘ "V 

both ftxeS and volatile, dissolve it in small quantity i t he solution « f 
and gives off slight fumes when in contiwt with the air. bill, sulphide M 
dissolves, with the iiid of hc;it, an additional qiiautity ot phosplioius, but -i- 

iiguin in the form of rhomliii^ dodccahcilrons on water and well 

It may be preserved without alt.iration ni a hot tie li led with i ed 
corked; but in water impregnated with air, the phosphoius g ^ ..pi/rcaction When 
convertk into phosphoric acid; hence the liquid 

boiled with water, it slowly exhales sulphydric aci . „ i the alkali- 

of potash or soda, it yields a phosphate, sulphur, which 

metal ; and there finally remains a quantity of plios]^ 

tosulphide of phosphorus, is gently heated .^nh'drous carblmato of sodium 

sulphide. It is best prepared as fiillows :^A layer ot aii 3 droj 

two inches thick is placed in a tube six or eight me u b* carbonate of sodium 

protosulphide of phosphorus pourt-d upon it, drop by ^ closed with a 

is slightly impregnated with the liquid throughout f sand-bath, to such 

cork, through which a gas-delivery tube passes that of the salt within I ho tube, 

a depth that the level of the sand may be a inaintiiin the water in a vessel 

The sand-bath is raised to a temperature ' On withdrawing the tube 

placed beside tho tube in a state of mMys first turns yellow without 

Iram the sand from time to time, it is toniid fl'«' ^ ^ commences at the bottom, and 
fusing, and afterwards assnnies a red colon , _ intensity. Above 

gradually extends itself upwards, inerc'asiiig . ' . , . ^ spontaneously inflam- 

the saline mass there is deiiosited on the 
tuable Biiblimate of phosphorous anhjdiidi, to 
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contained in the tube, and of that which enters slowly and insensibly through the 
delivery tube. As soon as the red colour ceases to spread any further, the tube is 
drawn from the sand-bath and left to cool. When perfectly cold, it must be scratched 
with a file, a line or two below the upper limit of the red tint, then broken at that 
point, and the two ends immediately thrown into water, as the surfaces of the saline 
mass would take firo instantly on coming in contact with the air. The water dissolves 
out a quantity of sulphophosphite, phosphate and carbonate of sodium, while a red 
powder is left behind. This is to be well washed with cold water previously freed 
from air by boiling, and then left to dry on the filter placed upon filtering paper to 
absorb the moisture. The powder thus obtained is the red hemisulphide of phosphorus. 
To insure success in the preparation, it is necessary to use the exact proportions of 
alkali and sulphide of phosphorus required, and to avoid the application of too groat 
a heat. If the quantity of protosulphide is too small, phosphorus is set free ; and when 
it is too great, other red compounds are produced containing less phosphorus. If the 
temperature rises too high, the mass blackens without fusing; the phosphorus reduces 
the carbonic acid, and a quantity of charcoal is obtained, impregnated with phos- 
phorus and mixesd with phosphate, metaphosphate, and persulphide of sodium. 

Red subsulphide of phosphorus is a crystalline opaque powder of a beautiful 
deep vormillion-colour. It has neither taste nor smell. Heated in a small dis- 
tillatory apparatus filled with hydrogen gas, it volatilises without fusing, and con- 
denses in the receiver as colourless liquid subsulphide, but this change does not take 
place till the temperature is raised above the boiling point of the latter. Pure nitric 
acid of density 1'22 has no action on this compound at first; but, after a certain time, 
the subsulphido dissolves suddenly and with great violence. Ry less concentrated 
nitric acid, it is not attacked without the aid of heat. 

Protosnlplilde, P®S. — SuIpJtohif'pophospJtoric add. Ilypo&ulfidepliosphoriqiie. Jlrir 
ierphosphoriges 8ulfid. Phosphor sulfur, a. Colourless liquid modification. — 
Prepared by fusing together one atom of sulphur and two atoms of phosphorus, in the 
same manner as in the preparation of the subsulphide. 

It is a transparent, yellow, strongly refractive liquid, not very mobile ; has a strong 
and repulsive odour, recalling that of phosphorous acid and of chloride of sulphur. 
It may be distilled without alteration in an atmosphere free from oxygen. It is 
colourless in the gaseous state. At a certfiin number of degrees below 0"^ it solidi- 
fies and forms a colourless mass of small interlaced crystals; but its crystallising 
point is low’er than that of the subsulphide. It fumes in tho air and is luminous in the 
dark ; likewise emits light when vaporised in nitrogen or hydrogen gas free from 
oxygen. It adheres strongly to dry solid bodies; if a small quantity of it gets attached 
to the fingers, it cannot be removed by water, ('ven with tho aid of soap, unless the 
skin be previously rubbed with oil. It takes fire easily in tiu* air at a slightly tdovated 
temperature, burning with a bright flame, like that of phosphorus, and emitting a 
thick smoke. It does not take fire siiontaneously when a droi> of it is let fall on a 
solid body; but when absorbed by a porous body and exposed to tho air, it soon 
becomes heated and take.s firo. 

Decompositions. — 1. Wlu^n protosulphide of phosphorus evaporates slowly in a con- 
fined space (as a bell-jar) filled with moist air, which is slowly but continually renewed, 
it is converted by oxidation into sulphuric and phosphoric acid.s, which are deposited 
in the form of aqueous solution on the side.s of the vessel and around tho liquid itself. — 

2. In a limited atmosphere of dry air slOwly and continually renewed (as in a glass tube 
imperfectly closed by a cork) it is gradually converted, in the course of three weeks, into 
phosphorous anhydride, which forms a white mass in the upper part of tho tube, and 
takes fire on removing the cork, — persulphide of phosphorus (p. 605), which crystallises 
at the bottom of the liquid, — and a brown substance, which collects on the sides of the 
tube, in a biyer of continually increasing thickness, and is resolved by digestion in 
water, into phosphoric and sulphuric acids, and hydrated suboxido of phosphorus. 

3. Placed in a tube imperfectly closed by a cork, and heated in a sand-bath, it is con- 
verted into a white, spontaneously inflammable mass, consisting, for the most part, of 
phosphorous anhydride. — 4. Watryr has but very little action on this liquid. Under 
de-aerated water it may be kept almost unchanged; in water containing air it 
after a while the odour of sulphydric acid, and deposits finely divided sulphur. — 6. With 
alcohol^ ether, and oils, both fixed and volatile, it behaves like fhe subsulphide. — 6. It 
is decomposi by digestion with caustic alkalis, tho products being a phosphate, sul- 
phydrate, and polysulphide of tho alkali-metal. — 7. When it is heated gently in contact 
with a metallic stUpkide in an atmosphere free fiom oxygen, great heat is evolved, ana 
a considerable portion of the liquid distils over with almost explosive violence : at tno 
same time a sulphohypophosphite of the metal is produced in which the sulphide w 
phosphorus exists in the red modification. — 8. On digesting this compound yfitu 
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inctalHtJ solutions, sulphides of the metal containing Tariable quantities of sulphohypo- 
golphite are slowly deposited, the variation in the results arising from oxidation of the 
phosphorus at the expense of the metallic solution, the quantity thus oxidised depending 
upon the temperature and the concentration of the solution. From solutions of easily 
reducible metals, such as silver, nothing but a sulphide of the metal is precipitated. 
Cvpp^ of sulpholiypophosphite. With ammoniacal solution of 

cupfO^^ chwTide,^ a^ dark-red precipitate is obtained, resembling cuprous oxide. 

Bed Modification. Obtained by decomposing sulphohypophosphite of man- 
ganese with hydrochloric acid: 

Mn"S.P*S + 2EC1 = Mn"Cl* + II®S + P*S. 


It is an orange-coloured powder, inclining to yellow, tasteless and inodorous ; 
unalterable both in air and water. By dry distillation it is converted into the liquid 
protosulphido, without previous fusion. It assumes a darker colour when heated, but 
regains its original tint on cooling. Takes fire in the air at a temperature near 100°, 
and burns with a very bright flamo, emitting a thick smoke. 

When it is digested in excess of strong caustic potash at ordinary temperatures, 
phosphoretted hydrogen gas of the less inflammable variety is disengaged, and the 
alkali dissolves small quantities of phosphoric acid and trisulphide of phosphorus. On 
the application of heat, the whole is dissolved, yielding the same products as the liquid 
modification (p. 600). Caustic ammonia dissolves it, but not without great difficulty, 
forming a yellow solution. 

Sulphohi/pophosphites, M-S.P^S or IMPS. — Protosulphide of phosphorus unites 
with metallic sulphides, forming compounds analogous to the seleniohypophosphites 
(|). 598). They may be formed, as above m<mtioned, either by precipitation or in tlie 
dry way ; but the latter method affords much purer products than the former. 

Cupric salt, Cu"P®S* = Cu"S.P‘*S. — To prepare this compound, precipitated sulphide of 
copper, dried by gentle heating in a stream of sulphydrie acid gjis, is moistened with liquid 
protosulphide of phosphorus in u tube having two bulbs blown on it. On applying a 
gentle heat, combination takes place attended with great rise of temperature, and the 
greater part of the excess of protosulphide distils off : the rest may bo expelled by a gentle 
boat. Tlic remaining cupric sulpholiypophosphite is a Mack-brown mass yielding a 
lighter powder by trituratic^n, and iisuaily containing a little admixed sulphide of copper. 
It dissolves slightly in boiling hydrochloric acid, and is oxidised and dissolved by nitro- 
muriatic acid. By distillation, it giv(?8 off a small quantity of liquid prolosiilpliide of 
phosphorus, then, at an incipient red heat, a 8ulphid(5 of phosphorus containing a largo 
proportion of sulphur, leaving liver-coloured cuprous sulphohypophosphite, 
0u*.S.P'‘*S or eVPS. This latter compound cannot be obtained by direct combination 
ill the dry way. It is produced, bowevor, by the action of tbo lic|uid protosulphide on 
an ammoniacal solution of cuprous chloride. It is not altered by gentle ignition in a 
close vessel ; but when heated in contact with the air, it burns without flame, giving 
off sulphurous anhydride. 

1^'crrous salt, = F€?"P*S*. — Prepared in the samo manlier as tlie cupric 

salt, using artificially prepared sulphide of iron in the stale of fine powder. It is 
a coal-black pow^der generally containing a little sulphophosf>hite of iron. 

Manganous salt, Mn"P*S'^ = J\rn"KS.P*S._Prepare<l like the copper-salt. It is green, 
lighter than manganous sulphide, is completely decomposed by dry di.stiliation, and 
burns in the air with a strong phosphorus-flame. It is decomposed by boiling 
hydrochloric acid, manganous sulphide dissolving, and protosulphide of phosphorus 


remaining in the red modification. i i i. 

Mercuric salt, IIg"S.r*S.— Finely divided cinnabar unites at a gentle heat with 
protosulphide of phosphorus, and after the excess of the latter has been reraovoc y 
distillation in a stream of hydrogen, there remains a dingy red mass, yielding a yellow 
powder. It is easily decompo.scd by a stronger heat, with liberation 
and formation of a yellowish-white powder (p. 603). A basic salt, 2Hg ts.F b, is 
obtained by heating mercuric sulphopIio.sphite (p. 603) in a retort. . . 

Silver-salt, AgPS or Ag’*S.P*S.— Formed when spongy silver (obtained by reducing 
the chloride with silver in the wet way, exhausting the muss with onld 
jcid, and washing with water) is treated with protoSulpliide of L 

heat. Combination then takes place with some '"o'™™- ““r i ^^^Iftemovcd 

silver is formed, together with a higlier sulphide of phosphoras, which 
fcy distillation in a stream of hydi'ogen. The silver-sulphohypophosph. e may aJso be 
obtained, mixed with a large quantity of silTer-sulphide, by warming the latter, vocontly 
P>«cipitatS ^th liQuid protosulphide of phosphorus, and treating the mixture with 
*>vrm nitric ’acid, which Jssolves only tho uncorahined sulphide ot 
pound is Mnelf but yields by trituration a dark brown powder with a tinge of vioUt. 
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By dry distillation it becomes semifluid and swells up stroimly, the sulphide of phos, 
phorus passing over and the sulpliide of silver remaining. The compound is 
attacked by hot nitric acid. ^ 

Tritosulphide of Phosphorus^ P*S. — ^This substance, which maybe regarded 
as a compound of the hemi- and proto -sulphides, (P‘S + P*S = 2P®S) is prepared as 
follows. Precipitated sulphide of zinc is treated with liquid protosulphide of phos- 
phorus, as in the preparation of sulphohypophosphite of copper, whereby it is con- 
verted, flrst into yellow sulphohypophosphite of zinc, and afterwards into a red 
compound consisting of (Zn''S.P^S).(Zn"S.P-S) ; and on treating this compound with 
strong hydrochloric acid, sulphide of zinc dissolves, and the tritosulpliide of phos- 
phorus remains in the form of a bright red powder, tiisteless, inodorous, and permanent 
in the air. It takes fire at about 60°, burning with a phosphorus-flame. When sub- 
mitted to dry distillation, it first turns black, then distils without previous fusion • tho 
distillate contains the two liquid sulphides P*S and P^S, perhaps combined with one 
another. Cold potash-ley decomposes the compound, with evolution of the less in- 
flammable variety of phosphoretted hydrogen. 

Sesquisttlpliide of Pboaptiorus, P^S*. — ^This compound is produced byheatiiifr 
1 at. sulphur with 2 or more atoms of amorphous phosphorus, and may be freed from f 
cess of the latter by solution in sulphide of carbon, whence it crystallises in yellow riglit 
rhombic prisms of .81° 30'. It melts at 142° to a reddish mass, and sublimes at 200 ' in 
forms belonging to tho regular system ; hence it is dimorphous. It is more soluble in 
sulphide of carbon than sulphur ; slightly soluble in trichloride and sulphochloritle of 
phosphorus; dissolves also, but with decomposition, in alcohol and other. It is ])erma- 
nont in the air at ordinary temperatures, and in cold water, and is but slowly decomposrd 
by hot water. Heated in the air to about 100° it takes fire. It dissolves in c,ol<l dilute 
nitric acid, leaving a little sulphur; completely in nitromuriatic acid and in chlorine- 
water. It dissolves in sulphide of potassium or sodium, probably forming dofinilo 
compounds. It is decomposed by aqueous potash, giving off hydrogen and phosphoretted 
hydrogen, and forming sulphide and phosphit(j of potassiiim. Heated to 200° with 
hydrate oflead it forms sulphide of load. (G-. Lemoine, Bull Soc. Cliim. 1864, Il|407.) 

Triaulphlde of Pliospboras, P^S*. — Sulphophospkorous <ic%d, Photipkorovs 
stUphide. Sulfide phospkoreux. Phosphor sulfid . — Discovered by Serullas, who ob- 
tained it by the action of sulphydric acid on trichloride of phosphorus, but did not 
further examine it. Berzelius prepared it by the following methods: 1. lied proto- 
sulphide of phosphorus is mixed with the quantity of sulphur required to conv(‘rt it 
into the trisulphide (1 at. P*S to 2 at. S), and tho mixture is heated in a small retort, 
Tho heat evolved at the moment of combination is so great, that a small portion of tlm 
mass is volatilised with violence. Tho whole then fuses uniformly, and ultiniutcly 
sublimes in the form of a transparent crystalline sul)stanc(» of a pale lemon yellow 
colour. If the distillation be interrupted before the whole is volatilised, the un- 
sublimed portion retains a reddish colour while hot, but on cooling acquires the same 
colour as the sublimed portion. — 2. One atom of sulpliohypopliosphito of manganese is 
intimately mixed with 2 atoms of sulphur, and tho mixttiro heated in a 8ni.all retort in 
an atmosphere free from oxygen, till nothing but protosulphido of manganese remains: 
trisulphide of phosphorus is then obtained in the form of a sublimate : 

Mn''S.P'-'S + S* == Mn"S -t- 

If a sulphohypophosphite be employed, tho base of which does not so readily give 
up its sulphur-acid — the silvtT-salt for example — only half of the trisulphide of 
phosphorus sublimes, while the rest remains in combination, in the form of sulpho- 
phosphite of silver. 

Kekuld (Ann. Ch. Pharm. xc. 310) prepares this compound by carefully fasing 
amorphous phosphorus with the requisite quantity of Sulphur in an atmosphere of 
carbonic anhydride ; combination then takes place witliout explosion, but nevertheless 
with great rise of temperature, so that part of the product is sublimed. . 

Trisulphide of phosplioiois is a solid substance, of a pale yellow colour. After fusion 
or sublimation, it remains soft, like plastic sulphur, and does not become opaque till it 
hardens. It melts at 200° (Lemoine) and sublimes at a temperature below the sublim- 
ing point of sulphur. When heated in the air, it bums with a whitish-yellow flame, ana 
difiuses a thick smoke. In moist air, it decomposes rapidly, becoming white and assum- 
ing an acid reaction, in consequence of the formation of phosphoric acid : at tao 
time it acquires a bitter and hepatic taste. This decomposition in the air takes 
so rapidly tbat tho substance can only be preserved in vessels hermetically seal 
The unsublimed reddish trisulphide decomposes in the same way. ,, 

Trisnlphide of phosphorus is rapidly dissolved by the fixed caustic 
ammonia. Tho solutions have a pale yellow colour, and when treated with acids y 
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lipht, flocculent^ and nearly white precipitate, which falls down slowly, and has a pale 
11 q^ colour when collected in a mass : this precipitate may be washed and dried, 
bisulphide of phosphorus in this state is less rapidly decomposed by exposure to the 
air than that which has been fused or sublimed. It is uncertain whether the differoiico 
thus produced bv the influence of an alkali depends upon an isomeric modification. 
Trisnlphide of pnosphoriis is easily dissolved in the cold by carbonate of potassium or 
godium* hut deposits sulphur at the same time — a proof that decomposition takes 
place. 

Sulvhophosphites. — 1 atom of trisulpliide of phosphoru^unites with 2 atoms of 
a metallic protosulphidc, forming salts liaviug the composition 2M*S.P*S“ == 

and — M*P*S*, according to the at ouiicity of the metal. These compounds are 

produced, together with free trisulphido of phosphorus, by triturating the correspond- 
iniT sulphohypophosphites with the requisitij quantity of sulphur: 

2(M2S.P«S) + S* = 2M‘S.P'‘S» + F-'S*. 


They are also formed by heating protosulphido of phosphorus with metallic poly- 
sulphides, just as certain lower oxides of mctalloKls arc converted by heating with 
nK'^lUc peroxides into higher oxidt^s of an acid character, which then unite with the 
bisos formed by reduction of the peroxides. Many sulphophospliites are decomposed 
by heat, giving off trisulphido of phosphorus, and leaving the metallic sulphide. 

Cmric Sulphophosphite, Cu-PS* = 2Cii'S.P^S^— Produced by precipitating an 
ammoniacal solution of cupric sulphate with soda-liver of sulphur, and treating the 
w'islied precipitate (CuS^), after drying in vaeno, with liquid protosulphido of phos- 
Dhoriis Combination then takes phico, attended witli evolution of heat, and the excess 
of nrotosulphide may bo expelled in a stream of hydn^gen. The cupric sulphophos- 
nhite then remains as a dark yellow powder which burns with a phosphorus-llame 
when heated intho air. When sul.jeetedto dry distillut ion, it gives off sulpliur and leaves 
a dark brown basic cuprous sulpliohypophosphito, 2Cii»*S.r“S. 


Ferrous Sulp?iophosphifA P>P'S» - 2Fe'S.P''*S='.— Obtained by moist<ming finely 
divided iron pyrites (l.^'S-*) in a bulb-apparatus with liquid protosulphido of plios- 
].h(^ru8, and applying a gentle lu^at. After the <5xeesH of llie i.rotosMilphide has distille.1 
off the sulphophosphito rcmiains as a dark yellow mass, liaving a faint m(jtalhc lustre. 

It dissolves in boiling hydrochloric acid, and decomposes in contaj^-with moist, air emit- 
ting the odour of siilphydric acid, lly dry distillation it gives off sulphur, and leavi^J 
thc’black-brown compound, 2Fe"S.FsS. 

Mrmmc Snlphapliosphitc, = 2TIg'ar^S=‘.-Produced by heating the cor- 

rosponding sulphohypophospliite in a retort having its neck closed by a cork, to about 
the^ boiling point of slilpluir. A black mass then sublimes, 

elobulcs of mercury, and mercuric sulphophosphito remains, as a yellowish-ulii l mass 
thich at a higliertemperaturo is resolved into basic mercuric sulpholiypophosphite ami 
mcicuric sulphophospliate : 

2(2Hg'’S.P«’) = 2ng"S.P=S + 2Hg’S.F^S‘. 

without separation of sulphur. » • o / 

^€9Uoanliorau,'P^SK—SiMiophosphoricactd. Phf>sphon€ iSiU- 

ordisary phosphorus the combination is attuiai. takes place, tliough 

exploBi^n^nt when amorphous phosphors J? i 

gre«theatiaevolved.-2. By hmtmg 1 attended with 

Bitlphur, in' an atmosphere free from oxygen. 1 Rubstanco is rapidly sublimed; 

a sudden disengagement of heat, by which a porti) -yy^en 1 at. sulphihypophosphite 

but there is no explosion or P/oducl .on of a gentle heat, 

of manganese is heated with i at. ^ J*. ^ „ i,„gpbte of silver heated with 4 at. 

leavmg protosulphide of manpnesa ^/half of the pentasulphido of phos- 

eulphur yields snlphophosphate of ^sihorus is likomso formed when the 

PboTO Bublimes.-4. Pont^ulphide of P^^c acid oaB. A pale liquid distils 
^uid protosulphide is heated in a current of sulphynnc acia 
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over, which is a solution of the pentasulphide in the liquid protosulphide, and yid h 
small quantity ofstlio former in crystalline scales. » J tw a 

Pentasulphiflo of phosphorus is of a pale yellow colour, like the trisulphido h 
crystallises. When it is sublimed very slowly and in such a manner that it can 'f 
isolated ci^stals, these crystals are transparent, and appear perfectly colourless 
thin ; their faces are deeply striated. When the liquid pntasulphide is distille(i^> 
assumes a crystalline form in solidifying, and is then easily detached from the 
When solidified by sudden cooling, it does not crystallise, but forms a ma8s,sometini^ 
yellow and transparent, sometimes whitish and opaque. When obtained by fusion froi* 
the red protosulphide phosphorus, it does not crysbillise on cooling, unless it h 
first sublimed. After being fused and heated to the boiling point, it has a deeper 
colour, like that of sulphur. Its boiling point is higher than that of sulphur, and Un 
wlour of its vapour is a less intense yellow than that of sulphur vapour. When heated 
in the air, it bums with a pale phosphoric flame, and diffuses a large quantity of smoke 
In moist air, it is decomposed almost as easily as the trisulphide, and transformed 
into a white mass impregnated with phosphoric acid. 

Sulphophosphates, Pentasulphide of phosphorus dissolves in caustic alkalis 
and in ammonia, forming pale-yellow solutions, from which acids precipitate sulphur 
with abundant evolution of sulphydric acid. It appears as if no alkaline sulphophos- 
phate could exist in contact with water. The carbonates of potassium and sodium 
slowly dissolve the pentasulphide in the cold, producing at the same time an abundant 
deposit of flakes of sulphur. On heating the liquid to about 60®, the sulphide of 
phosphorus dissolves with violence, and inodorous carbonic anhydride is evolved ; no 
deposition of sulphur takes place. When boiled, the liquid evolves carbonic anhydride 
and sulphydric acid gases together. 

Sulphophosphate of 'potassium is obtained in the dry way, mixed with trisulphido of 
phosphorus, by passing phosphoretted hydrogen over tlio heated compound 

Rose). The colourless salt thus produced is soluble in water, but is decomposed 
thereby, yielding sulphydric acid and phosphate of potassium. 

The neutral sulphophosphatcs of the heavy metals have the composition « 

2M"S.P*S® analogous to that of the pyrophosphates. Tlioy are produced by heating 
basic sulphohypophosphites with the corresponding quantity of sulphur: 2M"8.P‘S + 
S* c= 2M"S.P®S*. When heated they behavo like tlio sulphopliosphites, many of 
them giving off undecomposed pentasulphide of phosphorus, and leaving a pure metallic 
sulphide : e. g. the zinc, manganous and ferrous salts ; others arc decomposed by heat 
into sulphur and a residue of sulphohypophosphito. The sulphophospliates are per- 
manent in dry air, but in moist air they exhale the odour of sulphydric acid. When 
heated in the air, they burn with a phosphorus-flame ; but few of them have been 
specially examined. 

The cupric salt Cu*P*S^, obtained by gently heating the compound 2Cu"S.P®S with 
4 at. sulphur, has a pale yellow colour ; but if too strong a heat has been applied in 
its preparation, part of the phosphoric sulphide goes off and a basic sulphophosphuto 

Cu’-P‘^S’.6Cu"S remains behind. 

The mercuric salt is obtained by the dry distillation of mercuric sulpbohypophos- 
pbite or sulphophosphite. The former, if somewhat strongly heated in a retort, first 
gives off metallic mercury, and then yields mercuric sulphophosphite, wliich sublinios 
in transparent, highly lustrous, pale yellow needles. If on the other hand thesulpho- 
hypophosphite he very gently heated for a considerable time, so that mercuric sulplio- 
pnosphite may be first formed, and this salt be then heated to sublimation, a subli- 
mate of pure mercuric sulphophosphate is obtained in red shining crystals vei^ much 
like cinnabar, but of somewhat lighter colour and yielding a brown-yellow powder. 

Alcoholic Sulphophosphates. — A triothylic sulphophosphate, (C*H®)*PS* =* 
3C*H*S.]^S*, analogous in composition, not to the pyrophosphates, but to the normal 
orthophosphates, has been already described (p. 693). 

Sulpboxypbospliatev, M»PSO* or 3M*0.P2S®0» and 
(Wurtz, Ann. Ch. Phys. [3] xx. 472). — Sulpboxyphosphate of sodium is obtained by 
the action of caustic soda-solution on phosphoric sulphochloride : 

PSCl* -H 6NaHO « m»PSO» -i- 3NaCl + 3H*0. 

When the materials are put into a retort, and subjected to the beat of a water-baiK 
ebullition takes place, and part of the sulphochloride distils over into the receiver; and 
when the whole of the sulphochloride has disappeared, and the liquid is allowed to 
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it gcne^ly forms into a solid c^talHno mass: this is to be drained, and the 
fiystals purified by repeated solution in water and crystallisation. -The soda must bo 
in excess, because the free acid in solution is readily decomposed into hhospboric and 

fiulpliydric acids: 

' ^ H*PSO* + H«0 =. H*S + H*P0‘. 

galphoiypbo^hate of senium is readily soluble in boiling water, and crystallises on 
cooling in brilliant six-sided tables. The solution has a strong alkaline reaction. 
Chlorine, bromine, and iodine decompose it immediately, with separation of sulphur 
and formation of disodic orthophosphate. The weakest acids added to the solution 
liberate sulphoxyphosphoric acid, which is immediately decomposed on boiling. 

The sulphoxyphosphates of barium, strontium, and calcium are insoluble ; the nickel- 
and cobalt-salts turn black on boiling ; the lead-salt is white when newly formed, but 
turns black in a few hours from sepamtion of lead-sulphide. 

Ethyl-suljyhoTypkos'phoric or Ethyl-sulphopkosphorio acid, (C*H^)H®rSO*, produced 
by the action of alcoholic potash or soda on phosphoric siilphoehlorido (Cloez), and 
dielhyl-sulpho 2 >hosphorio acid, (C'-^II'y-^ILPSO®, by the action of pentasulphido of phos- 
phorus on alcohol (Carius), have been already described undcT ‘phosphoric ethers; 
also certain cthyl-phosphoric others in which 2 at. oxygen are replaced by sulphur 
(pp. 691-693). 

persulpliide of Pbospborna. This compound, which may be obtained by direct 
combination of its elements, was first recognised by Dupr6, who assigned to it tho 
formula P^S®. Berzelius afterwards gave the formula P"S’®. The cause of this great 
dilforonce has not been ascertained. 

When 1 pt. phosphorus is fused with 1 pt. or more of sulphur, tho mass separates 
on cooling into liquid protosulphide and crystals of the persulphide. The best mode 
of obtaining the persulphide regularly crystallised is to dissolve 1 atom of sulphur in 
1 atom of li(juid protosulpliide of pdiosphorus by the heat of a water-bath, and then hiavo 
the vessel, carefully closed, to cool in the bath. The cry^stals thus obtained are few in 
immber, but of considerable size, yellow and shining, and fn'quontly pres<mt numerous 
facets, like those of native sulphur. Some are clcavablo in t he direction of the biiniine. 
They are impregnated with protosulphide of pliosphorus, which adheres to them 
obstinately, and causes thorn to omit slight fumes from the surface of a recent fracture. 
To free the crystals from the protosulphide, they must be dried, reduced to small 
pieces, and placed between folds of bibulous paper under a boll-jar, and by the side of 
a small dish containing water, tho edge of tho bell-jar being slightly raised by tho 
insertion of a small piece of wood to allow of the renewal of the air within it. In this 
manner, the protosulpliide adhering to the crystals is converted into phosphoric acid, 
sulphuric acid, and persulphide of phosphorus. Some time elapses bcToro tho change 
is complete ; but sooner or later the odour of the protoplphidc disappears entirely. The 
crystals are then to bo washed and dried over oil of vitriol. ^ j- • 

The crystals thus obtained may be exposed to the air for a long time, without dimi- 
nution of the lustre of the crystalline facets ; but aft(T a while, tlu*y redden litmus 
paper when placed upon it. In a stoppered bottle filled with dry air they may be 
preserved for any length of time without alteration. They fuse at a temperature near 
tho melting point of sulphur, and then distil over without separation of pnjtosulpliide 
of phosphorus. The distilled product does not crystallise, but remains soft long alter 
cooling. If the persulphide, when subjected to distillation, is not quite free from pro- 
tosulphide, an explosion takes place on the application of heat, arising from the forma- 

peraSifde'dissolves in caustic alkalis, tohaving like a mixture of sulphur and 
protosidphide of phosphorus, and forming phosphate, hyposulphite, and 
the alkali metal. By fusion at a gentle heat, it may bo made to take up an addiUonal 
quantity of sulphur. (Berzelius.) 

VKOSVBOSVS, BWIiPHOBBOiaiM OP. PSIirt (Baudrimont, Bull. 
&c. Chiimiip. H8.)— Produced; 1. By the action of dry sulphydnc acid gas on 
the pentabromide: 

PBr* + H*S =» PSBr* + 2lIBr. 

2. By distilling a mixture of pentabromide of phosphorus and sulphide of antimony: 

3PBr» + Sb*S» - 3PSBr» + 2SbBr*. 

3. By direct combination of 1 at. tribromide of phosphorus with 1 at. sulphur. 

dense mass, which 

Odour, is partially decomposed by heat, and slowly but completely by wa r. 
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PHOSPBORirS, SlTXiPHOOKliOBXPa OP. PSCl*.— This compound, the 
analogue of phosphoric oxychloride, was discovered by Sorullas (Ann. Ch. Phys. [ 2 ] 
yliiV 26), who obtained it by the action of sulphydric acid gas on the pentaohloride : 
PCI* + H*S = 2HC1 + PSCl*. 

The product is purified by distillation. ^ i i. 

It is likewise formed, together with other products, by the action of pentachloride of 
phosphorus on various metallic sulphides (Weber, p. 614), and by that of sulphur on 
the pentachloride (Wohler and Hiller). Oladstone (Chem. Soc. Qu. J. iii. 5 )^ 
by melting 3 pts. pentachloride of phosphorus with 1 pt. sulphur, obtained a colour- 
less liquid boiling at 100 °, and apparently consisting of PCPS*, or, according to Schiflf 
(Ann. Ch.Pharm.ci. 309), ofPSCRSCP. 11 . 1 . 1 .,. 

According to Baudrimont (Bull. Soc. Chim. 1861, p. 117), the sulphoehlonde ig 
most easily prepared by the action of pentachloride of phosphorus on trisulphide of 
antimony: « 2 SbCl* + 3PSC1*. 

About 30 gnus, of phosphorus is converted into pentachloride in a large flask; the flask 
is then taken out into the open air, its neck surroiindod with a wet cloth, and 116 
erms. of antimonious sulphide gradually added, with frequent agitation, till all the 
pentachloride has disappeare.d and a slight excess of antimonious sulphide is present. 
The resulting liquid, which is hot from the violence of the reaction, is then decanted 
into a dry retort and distilled at 125® to 135®. To purify the distillate from chloride 
of antimony, pentachloride of phosphorus, and chloride of arsenic (resulting from 
arsenic in the sulphide of antimony), it is cooled to a low temperature and a^ntated 
with a dilute solution of sodium-sulphide. The chlorosuli>liido ot phosphorus is then 


WIIU a UIIULC! Buiubivjii ...... — 1 r ^jr . 

separated from the alkaline liquid by a tep-funiicl carefully dried by chlende of 
calcium, filtered through asbestos, aud finally distilled from a dry retort. The product 

amounts to 120 grms. •, -i 1 • 

SulDhochloride of phosphorus is a colourless, rather mobile, oily bquid, having an 
. ^ , * • thtt vanonr irritates the eves slronc 


(Cahours); calc. (2 vol.) - 5-932. The vapour burns with difficulty. 

The sulphochloride is slowly decomposed by water, yielding phosphoric, hydrochloric, 
andsulphydric acids, and fumes slightly in moist air. It is decomposed by hot mine aarf. 
When heated with aqueous catutic alkalis, it is converted into a salt of siilphoxyplios- 
phoric acid H”i>S0> (Wnrtz, p. 604). With alcohol it yields et^hyl-sulphoxyphos- 
phoric acid (C^n»)H‘‘PS0“ (p. 691). With aqueous ammmia, it forms sulphoxy- 
pLsphamic or^hiophosphamie acid an acid which 

phoxyphosphorio or thiophosplionc amd by the substitution of NH; for HO or if the 
is very strong, or if aramoma-gas acts on the sulphocliliinde first and water 

X“ds, thcVo<ffici is sulphoxy phosphodiamic or thiophosphodiam c 

acid, derived in like manner from thiophosplionc acid by the substitution of 2 at 
NK' for 2 at HO ; thus : 


psci‘ + smo 


PSCl* + NH» + 2H*0 
PSCl* + 2NH* + H*0 


3HC1 + PH’SO*. 

Thiophosphoric 

acid. 

3Ha + P(NH»)H»SO». 

Tniophosphamic 

acid. 

3HC1 + P(NIP)HSO. 

Tidophospht diamic 
acid. 


nrv ammonia-gas appears to act on sulphocMoride of phosphor^ by reroovinj 
2 *tom8 of chlorine and leaving 2 atoms of amidogen in their place ; thus : 

PSCl* + 4NH* = 2NH*C1 + P(NH*)'C1S. 

The latter compound has not yet been separated from the ? 

^monffimT^rsupposing it to be form^, the production of -luc 

from it by means of -water may be supposed to take place us shown by the equaU 
PS(NH*)*C1 + ffO = HCl + P(NH*)®HSO 

(Gladstone and Holmes, Chem. Soc. J. xviii. 7); see T«iophoothamio acros-' 

Schiff fJahresb 1867 p. 99) supposes that snlphochloride of phosphorus 

by 4 J-am*moniac and suTphoptosphotriumide. according to th 

equation! ^ ^ ^ j^Cl + — ^ 


PSCl* 


H* 


N*: 
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and tiy aniline in Hko manner into hydroehlorate of anilino and sulnhophosphotri- 
nhenyltriamide ; but these results have not been established by analysis. • 
mth acetate of potassium the chlorosulphide appears to yield sulphide of acetyl. 
(Bftudrimont.) 

pBOSPHORUS, TBXiXiyRXms OP . When pulverised tellurium is heated with 
phosphorus, part of the latter burns away, while another portion melts with the tellurium 
to a black amorphous mass, which gives off fumes of phosphorous anhydride in th<^ air 
oven when the tellurium is in largo excess. (Oppunheim, Jahresb. 1857, p. 214.) 

pBOSPBORV8-Sil.SXSS, OROARZC. Paul Thenar d in 1846 and 1847, by 
acting on heated phos^jhide of calcium with psoous chloride of methyl, obtained several 
compounds, which may bo viewed as phosphide's of hydrogen having tho hydrogen more 
or less replaced by methyl, viz. 1. A spontaneously inflammable fetid liquid, (CH*)2P, 
analogous in composition to tho liquid phosphide of hydrogen, H*P, and to cacodyl, 
(CE^y-^As.— 2. A spontaneously inflammable gas, GIPP = (CH»)H*P, analogous to 
methylamine, and forming a solid compound with hydrochloric acid. — 3. A mobile 
strongly basic liquid, C®H“P = (CH®)*P, analogous to trimethyl amino, and boiling at 
40°.— 4. A yellow non-volatile solid, CH^P*, analogous to tho solid phosphide of 
hydrogen, HP*, produced, together with tho liquid compound (3), by the continued 
action of hydrochloric acid gas on the first-mentioned compound, (CIP)''P. — Theso 
compounds wore, however, but imperfectly studied by their discoverer : for the mode of 
preparation above mentioned was dangerous, and did not yield them in quantity suffi- 
cient for satisfactory inv<!Stigation. Moreover, at t he time of their discovery there wore 
but few bodies known with which they could be naturally connected, tho ammonia- 
bases not having been discovered till afterwards ; consequently they did not at tho 
time excite the attention which they really deserved. 

A few years later Cahoiirs and Hofmann (Compt. rend. xli. 831 ; Chem. Gaz. 
1855, p. 11), by a similar mode of proceeding with phosphide of sodium and iodide of 
motliyl, obtained the compounds (CIP)-P, (CIP)®P and (Cll^)UE, the latter b(dng a 
crystalline compound analogous to iodide of tetrametbyhimnionium ; and Berlf) (J. pr. 
Chein. Ixvi. 781, l)y acting upon phosphide of sodium with iodide of ethyl, obtained the 
compound (C'^U^)*P as a yellow strongly fuming li(piid, which wht'n heated with 
iodide of ethyl yielded tho crystalline iodide (C*IT*)^PI. But tins mode of preparing 
the phosphorus-bases is also difficult and dangerous, iiiflammablo and detonating com- 
pounds being formed, and complex products obtained, whicli are very difficult to 
separate. 

The phosphorus-bases containing 1 and 2 atoms of alcohol-radicle are but liltlo 
known, as no nK'thod of obtaining them in a pure stale has yet been discovered ; but 
I hose derived from pdiosphine, IPP, l)y the substitiitiou of 3 atoms of aleohol-radiclo 
for 3 atoms of hydrogen, may be obl jiiut'd pure and in any requinnl quantity l)y sub- 
jecting the ziiic-coinponnds of the aleohol-radicb's to the action of tiichloride of phos- 
phorus in an atmosplu're of carbonic anhydride. Zinc-ethyl, for example, treated in 
this manner yields chloride of zinc and triethylphosphino : 

2PCP + 3Zn"(G'‘H^)* •= 3Zn"GP + 2(CEP)»P. 


The tricthylphosphine remains combined with the cUorido of zinc, but may bo liberat'd 
hy distillation with aqueous potash, which converts tho chloride of zinc into clilonde 
and zincate of potassium ; 

3Zii''Gl*.2(G*IP)T + 12KHO = 2(G*IP)®P + 3K*Zn''0* + 6KC1 + 6H*0. 

Tricthylphosphine and trimethylphosphin e (the only two compounds of 
this type hitherto examined) are volatile strongly alkaline liquids, which umtereadi y 
withticids, forming crystallisable and for the most part very soluble salts^. _Wheii 
treated with the iodides oi monatomic alcohol-radieles.Xhey yieldcrystallme lodi aos oi 
monophosphoniums, of the type E»PI, analogous to iodide of tetrethylammonium ; 
and these iodides, when decomposed by moist oxide of silver and by sih er -sa s, y t. 
Ihe hydrates and salts of tho corresponding monophosphoniums ; e. g. 
treated with iodide of ethyl yields iodide of methyl-tricthylphospliomun^ U ) 1 

>^hich is converted by moist oxide of silver into tho hydrate, II [ ^ 

titrate of silver into the nitrate of methyl-triethylphosphonium, (CH )( C ^ ^ ovjSrninrd 

^ Numerous compounds belonging to these types have been prepared and 
ty Hofmann and Gahours (Phil. Trans. 1867, p. 683; Ghem. J; ’ 

Ann.Ch. Pharm. civ.); and further by Hofmann (Phil. Trans.; Chem. Soc. Qu. J. 

’"TrlAylphosptoe^aXtriZthy^^^^ i“>te with 

&c., in the proportion of 1 or 2 at. of the phosphorus-baso to 1 at. of the 
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diatomic ether ; thus triethylphosphine forms with bromide of ethylene, the two onn. 
pounds (Qag*)*? [ (C2H*)‘*P2i‘ alcoholic solution of the latter of 

these compounds, the whole of the bromine is removable by nitrate of silver, whereas 
^m the former only half the bromine can be thus removed. Hence Hofmann rcfrards 
the latter compound as dibromide of ethylene-hexethyl-diphosphouium 
|](C®Hy former as bromide of bromethyl-triethylphos- 

phonium [(C*II*Br)(C®IP)*P]Br ; i. e, as bromide of tetrethylphosphonium in which 
1 at. hydrogen is replaced by bromine. (See Ammonium-bases, i. 197 ; also Ethylene- 
bases, ii. 693.) 

The last-mentioned compound is susceptible of several remarkable transformations. 
— o. It is resolved hy heat into hydrobromic acid and bromide of vinyl-triethvl- 
phosphonium, [(CHPXC^H^l^PJBr. 

fi. When treated in dilute solution with hydrate of silver, it gives up all its bromine 
and ifl converted into the compound hydrate of oxethyl-tii- 

ethylphosphonium,^^ ^ ^ ^n|^» change consisting in the replacement 

of the bromine by an equivalent quantity of peroxide of hydrogen. 

7. By boiling for some time with acetate of silver, it is converted into acetate of 
vinyl-triethylphosphonium : 

[(C*H<Br)(C21P)»P]Br + 2AgC2H=‘0‘^ = [(C-H^)(OTP)*P]C*1P0* + CHI^O^ + 

8. It unites: — a. With 1 at. triethyl- or trimeifiyl-phosphine, forming di bromide, of 

ethylone-hcxetliyl-diphosphoniuin, and (* t h y 1 e 11 0 - 

triethyl-trimothyl-diphosphoniuni, [(a^H*yXC=H^)XCH7P*J''Br*. 

A Withl at. ammonia, ethylami7i€,n(A:thylamine,dietkylaytiine,^Q,,iovmm\T the dihro- 
mides of othylene-triethyl-phosphammonium, ; 

ethylene-totre thy 1-phospli ammo aium[(C“H^y'(C*IP)'IPPN]"Ilr®; e thy leu e- 
triethyl-methyl-phosphaminonium, [(C-Il‘)"(OTP)“(CIP)l-PPNJBr* ; ethy- 
len e - p e n t e t h y 1 - p h o s p li am in on i u tn, [(0®H^)''(C*H.*yil PN]"i>r', &e. 

c. With iriethylarsme, (C''’’IP)*As, yielding dibromide of ethyleno-hexetliyl- 
phospharsonium, [(OTP)"(OHP)«PAs]"Br^ 

Trimethylphosphiue is acted upon in a similar manner by dibromide of ethylene, 

yielding the compounds ^Qj£s^Bjp| and from which similar derivatives 

may be obtained. 

All these compounds have boon discovered and investigated by Hofmann (Plnl. 
Trans. 1860, pp. 449, 497 ; Chem. Soc. Qu. J, xiv. 7^1, 316; Ann. Cli. Pharm. ^iuppl. 
i. 2, 146, 177, 306). 

The dibromides of methylene, trityleno, tetrylene, amylene, and bonzyleno likewise 
react in a similar manner with triethylphosphine, but the resulting compounds are 
difficult to separate, and have not been much examined. 

Lastly, a triphosphoni urn -compound, namely, tri- iodide of formyl-enn- 
ethyl-phosphoninm [(CHy"(C'‘^H^)®P*T'T*, is produced by the action of iodoform 
on triethylphosphine. (Hofmann, Proc. lioy. Soc. x. 189; xi. 290.) 


I. Monofuosphineb and Monofhosphonixtms. 
o. Methyl-compounds, 

TrtmeU&ylpbosplklnev (CIP)T.— This base is produced by the action of trichloride 
of phosphorus on zinc-methyl, the process being conducted in the manner to bo hert;- 
after described for the preparation of triethylphosphine (p. 609). As the base is ex- 
tremely volatile, the stream of hydrogen in which it is distilled must be very slow, and 
the receiver must be kept at a low temperature. 

Trimethylphosphine is a transparent, colourless, mobile liquid, heavier than water, 
having a strong refracting power, and an indescribably nauseous odour, and boiling 
between 40® and 42®. It is insoluble in water. Its solution in hydrochloric amd 
yields^ with cUoride of platinum, an orange-yellow indistinctly crystalline precipitate, 
2 (CH*)*HPCl.PtCl*j which is easily decomposed at 100®. 

Trimethylphosphine, like the corresponding arsines and stibines (i. 340, 398), unites 
with 2 at. of a monatomic element, Cl, Br, &;c., and with 1 at. of a diatomic element, 

O, S, &c. . T 1 i,„- 

The oxide,^ (CH*)*PO, is produced: — 1. By the direct oxidation of tnmethylpno*" 
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phiue. This sul)8tanep hM a very powerful attraction for oxygen, faming and some- 
times taking fire in contact with the air. On distilling it, even when recently prepared, 
the neck of the retort b^omes covered in the last stage of the operation, with a beauti- 
ful network of crystals of the oxide ; they may readily be obtained in larger quantity 
by exposing the base to a slow current of dry air.— 2. By the action of heat on the 
hydrate of tetramethylphosphonium, marsh-gas being given off at the same time. 
(CH»)THO = (CIP)»PO + CH*. 

The selcnide^ (CH*)*PSe, obtained by the action of selenium on trimethylphosphine, 
crystallises like the ethyl-compound (p. 613). melts at 84°. In contact vdth the air it 
blackens, with separation of selenium, and gives off the odour of mesitilone (iii. 930). 

The sulphide, (CII»)*PS, is obtained by gradually adding flowers of sulphur to an 
ethereal solution of trimethylphosphine, or by distilling trimethylphosphine with cin- 
nabar. It is not produced by treating the oxide with sulphydric acid or sulphide of 
uinraonium. Crystallises from a highly concentrated aqueous solution in masses of 
well-fonned four-sided prisms, which melt at 106°. (Hofmann and Cahours.) 

letramethylpliosphoiilum, (CIP)^P. — This base, like all others formed on the 
aDinionium-type, is not known in the free state. 

The iodide, (CIP)'‘PI, is obtained by the action of iodide of methyl on an ethereal 
polution of trimethylphosphine. It is a white crystalline mass which, when recently 
pn^piired, exhibits the silvery lustre of sublimed naphthalene, and assumes a slightly 
reddish colour in contact with the air. Treatt?d with oxide of silver, and water it 
yields a very caustic solution of hydrate of tetraymthylphosphoniunu 
The gold-salt, (CH^)^PCl.AuCl*. — Obtained by mixing the solution of chloride of 
tetramethylphosphonium and trichloride of gold, crystallises from boiling water in 
brilliant yellow needles. 

Platinum-salt, 2(CH^)‘‘PCl.PtCP. — The solution of the oxide mixed with hydrochloric 
acid and tetrachloride of platinum, yields a platinum-salt, which is insoluble in alcohol 
and ether, but crystallises from water in beautiful octahedrons, (Hofmann and 
Cahours.) 


/8. Ethyl-compounds, 

Triethylphosphine. C«H'T = (C*H»)*P . — Eormation. 1. By the action of 
Irichloride of phosphorus on zinc-ethyl (Hofmann and Cahours, p. 607).-“2. By 
lli(‘ action of phosphide of sodium on iodide of ethyl (Berle, p. 607). — 3. Crystalline 
phosphide of zinc heated with iodide of ethyl in a sealed tube to 170°— 180°, yields 
ziiic-iodide of tetrethylphosphonium, 2(CHI*')TI.Zn"P, which, when distilled with 
potash, yields triethylphosphine (Cahours, Ann. Ch. I’harm. cxii. 228; exxii. 192; 
Jahresb. 1859, p. 432; 1861, p. 657).— 4. When a mixture of zinc, phosphorus, and 
dry othylic iodide is heated in a .sealed tube to 150°— 160°, there is produced, together 
with zinc-ethyl, a mixture of iodozincate of triethylphosphoninm, 2(C’‘'H^)HlPl.Zn"P, 
iodozincate of tetrethylphosphonium, 2(C*H^)UT.Zn"P, and a compound of zinc- 
iodide with oxide of triothylpho.sphine, (C*H*)«P'‘'O.Zn''P. These compounds are 
separated by their different degrees of solubility in water, the first-mentioned being 
the least and the second the most soluble. The fii*st yields triethylphosphino when 
treated with potash in the cold ; the third yields it when heated with solid jiotash, 
wliile the S(!Cond does not yield it when treated with piotash either in the cold or with 
aid of heat. (Hofmann, Chem. Soc. Qu. J. xiii. 291.) ^ on u- i • -f 

Preparation. — A tubulated retort/ is joined to a receiver e (Jig. 738) which in its 

turn is connected with a wide glass tube d, bent at an angle of about 130° ami acting 
like a second receiver. Tlie angle of this tube is filled with trichloride of phospliorus, 
audthe tube is connected with a large cylinder e. which is supplied by a suitable 
Jipparatiis. a, h, with dry carbonic anhydride.. As soon as the carbonic anhydru c as 
fxpcdled the air from the reservoir, tube, receiver, and retort, an exit-tube Irom tlio 
rusiTvoir, up to that time closed by a caoutchouc cap, is opened to let out the carbonic 
anhydride, the evolution of wliich is maintained during the whole operation. l ; e 
tubiilature of the retort is now connected with the copper digester m which the pne- 
‘‘Ityl has been prepared; and as soon as the retort has received a charge ot Uu, 
Hhieal solutiUTuinc-’ethyl. there is into the same t“bulatoe a d^ppmg 

•Ppamtus, consisting of a glass globe g, with a tuhulatoe l^t’us U 

tenninating below £ a glass tube in which a stopcock is fitted. 
filled with teichlorido of Vospbor^. and by appropnately ‘bo 

opening or closing the stopper of the glass globe, any desired fl ■ ^ 

■»™taLd w«e groatlLt nicety.'’ Hew^ TvtZ» i^ the 

wd however well, moLver, the retort and receiver may ’'P 

W'on is neverthkess so violent, that all the ether, and with it a large quantity of th- 

VoL. IV. R B 
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5 i''C-otliyl, pasppa over Into tlio receiver. By the powerful ebullition which pcsriodlcHll 
ensues, a portion of the vapour is driven even into the bent tube, and a cousidemN 
loss of zinc-ethyl is incurred, unless this tube is filled with trichloride of phosphoru^^ 

738. 



which greedily absorbs every trace of the former coinr)ound. This fluid valve, 
ascending and descending in the tube, in aceordance with the progress of the reactioo, 
regulates the function of the apparatus so perfc'ctly, that the operation, which always 
takes several hours, continues by itself wru'n once begun. Sometimes the absorption is 
BO violent that the trichloride of ])hosj)liorus in llie tube is sucked back into the 
receiver, but even then no loss is to bo ft-ared, since the tube is connected with ihft 
reservoir filled with earlxinic anhydride. The first drop.s of trichloride of phospliorua 
which fall into the solution of zinc-ethyl, hiss like water when coming in contact with 
red-hot iron. The action becomes by and by less violent, and as soon as an (volution 
of heat is no long('r percei)til)lo, the operation is terminaUid. There remain in tho 
retort, in the receiver, in tho bent tube, and sometimes (non in tho carbonic acid 
reservoir, two liquid liiy<n’s, — the one a heavy, pale straw-colour.jd, thick liquid, tho 
other a transparent, colourles.s, mobihi liquid floating on lln^ former. 

The upper liquid is a mixture of etlu'r and trichloride of phosphorus; the lower, 
which usually solidifies on cooling, is a compound of triethylphospliino with chloride of 
zinc, and from this, after tin? upper layer has been decanted, tlu5 phos])horus-basH may 
bo separated by distillation with potash. For this jmrpose it is mixed with water, tho 
retort is filled with hydrogen, ami strong potash-ley is allowed to flow slowly into it. 
On distilling the mixture in a slow stream of hydrogen, the triethylphosphino passes 
with the aqueous vapour, and floats on tho condensed water in the rec(dvop. It is 
separated by a tap-funnel, dried over sticks of potash, and rectified in a stream of dry 
hydrogen. (H o f m an n and C a h o u r s, p. 607 ; H o f m a n n, Chem. Soc. Qu. J. xiii. 290.) 

Properties . — Triethylphosphino is a transparent, colourless, niobihi, strongly nifract- 
ing liquid. Specific gravity, 0'812 at 15®. Boils at 127*5° under a barometric pressure 
of 0*744 mm. Its odour is penetrating, almost benumbing, but still not disagreeable, 
and in a diluted state, resembles that of the hyacinth. Long-continued working with 
this substance produces head-ache and 8leeplessnes.s. When recently prepared, it is 
without action on vegetable colours, but if exposed to the air for a few seconds, it 
shows a constiintly increasing acid reaction. 

Reactions. — 1. Triethylphosphino is quite insoluble in water^ but dissolves in sill 
proportions in alcohM and — 2. It unites slowly with acids, fonning mostly 

crystallisable, but extremely soluble and deliquescent salts, which may be regarded as 
salts of triethylphosphonium : e.g. (C*H*)®P,HC1 = ^ 

3. Triethylphosphine rapidly absorbs oxygen from the air, and is converted into tlio 
oxide, (C‘'H*)*PO. In pure oxygen gas it often takes fire and decomposes, emittiag 
d( 5 nso white fumes of phosphoric anhydride. A. mixture of oxygen gas and vapour of 
triethylphosphine explodes with violence when heated. 

4. With sidpkur and selenium, triethylphosphine unites directly, fonning the crys- 
talline compounds, (C®H^)*PS and (C*H*)*PSe ; also with sulphide of. carbon, forming 
beautiful red crystals of the compound 2(OTP)*P.CS* The formation of this compound 
takes place so readily that triethylphosphine and sulphide of carbon act as extremely 
delicate tests one for the other. Thus, if a liquid containing free triethylphosphine (or 
trimethylphosphine) be poured into a watch-glass, and the vapour of tho carbonic sul- 
phide allowed to flow upon it from an inclined bottle, tho watch-glass soon becomes 
covered with a beautiftu network of the red crystals. If the phosphorus-base w 
present in the form of a salt, it must first be liberated by adding a drop of potasn. 
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Conversely, trietliylpljospliine may be very advantageously used fur detecting small 
quantities of carbonic sulphide, as in the most volatile fractions of coal-tar naphtha, 
iid in coiU-gas (i. 777). 

5. When triothylphosphinc is poured into a flask containing cfdorine, every drop 
tatGS fire, with formation of hydrochloric acid and phosplioric chloride, and separation 
of charcoal. If however the action be moderated, cryshilline compounds are formed. 

It also unites directly with iodine and bromine, tlio combination being attended with 
great evolution ol heat and sometimes with inflammation. — 6. In cyanogen gas it 
^ylidifics to a brown resin. 

7. Dihroniide of ethylene and its isomer, Irromide of bromethyl, unite with 
I at. triethylpbosphine, forming bromide of bromethyl-triethylphosphonium, 
r(C'H'‘13r)(C'^IP)*r]Br, and with ‘2at.triethylphosphino forming dibromido of ethyleno- 
h<‘xethyldiphosplionium, — 8. Dichloride of ethylene and niono- 

cMorinated chloride of ethyl act in a similar manner. — 9. Di-iodide of ethylene however 
ucts in a different manner. When brought into contact with dry trietJiylphosj hine, 
it forms, generally with explosion, ethylene gas and iodide of triethylpliospliinr, and 
witli alcoholic triothylphosphine it forms a crystalline mass generally consisting 
of hydriodato of tri(?thyiphosphine. 

10. When triethylpliosphine is heated with eihylic chloracetate, 

7iiixed with an equal Yoliirne of common ether to moderato the action, a sticky mass is 
formed, which on addition of platinic clilorido, forms the crystallisable chloroplatiiiato 

of triethyl-oxethacctylphosphouiuin, CTp^Q^IPOyO [ i^i^alogous to the ammonium- 
base produced in like manner from chloracetic ether and Iriethylamine (ii. 663). 
(Hofmann, Ih’oc. Koy. 8oe. xi. 526.) 

Triethylpliosphine unites with sulphocyanatc of allyl (volatile oil of mustard), 

forming allyl-triethyl-aulphocarbophosphamidc, sidphocyanate 

of phenyl, forming the analogous plienyl-compound. The sidpkocyanaics of methyl, 
dhjl,amyl and cthyUne, on the contrary, do not unite directly with triethylphosphiiie, 
but undergo decomposition, yielding sulphide of triothylphosphine and a cyanide of 
a pho.sphonium. With sidplMcyanate of ethyl, for example, the reaction is, 

(CTP)CNS + 2(C'IP)3P « (C*H’‘)=‘PS + [(C=IP)<P]CN ; 

and with sulphocyanatc of ethylene : 

(C*IPy'C*N*S2 + 4(CTP)*P == 2(C2H»)’PS + [(0"H^)"(C2H‘‘)»P*]''C*N*. 

11 . The alcoholic cyanates, on the other hand— the eyanates of ethyl and phenyl for 

oxaniplo— neither combine witli triethylphosphino, nor an^ decomposed by it, but 
moroly undergo a molecular transformation, being converted by contact with it into 
crystalline cyanurates. Cyanic acid vapour passo,d through triethylpliosphine yields a 
white deposit of cyanuric acid. ^ , j? u • 

12. Triethylpliosphine and mercaptan mixed together in an atmosphere ot carbonic 
anhydride, do not act on one another even at 100'^; but if air has access to the 
mixture, crystals of sulphide of triothylphosphine are gradually formed, the resu 
being due to the oxidation of the triethylpliosphine at the expense of atmospheric 
oxygen, and the subsequent conversion of the oxide into sulphide, according to le 

equation. (C2H*)*PO + C*H®S = OTPO + (C71P)®PS. 

It is only, however, at the instant of formation of the oxide that this reaction teke» 
plju^e; for ready formed oxide of trietliylphospluiie and mercaptan bi’oeght tofeether 
under the most varying conditions of pressure and temperature do no yio 

■••> ” -“"I”- f' 

^‘volved, and a yellowish liquid formed, which on cooling solidihes to a hbrous mas 
of crystals of sulphide of triethylpliosphine. 

Compounds of Triethylphosphine. 

GHLDBiDB,Baoiin>B, AND Iodide op the 

»h.a treated with hydnx^loric, ^ doacly resemble 

corrcs^ndiDg oUonde, bromide and ^ liquids which gradiuilly eoli.lily in the 

the oxide ,n their ‘f ' volatilise>hough their IxiiUng 

•■xsiecator ; the MystoU fuse at 100 aiid bemn chlorine, bromine, and 

point IS very high. The com^unds elements in aqueoue or alcoholic 

iodine may also bo obtained by the action ot tiicso h 

K a 2 
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solutions upon the phosphorus-base itself. Both methods, however, furnish products 
which are difficult to purify. .. r ^ . 

Trietliylphosphine forms crystalline compounds with hydrochloric^ hydrohroinic 
hydriodiv, sidphuric and nitric acids ; but they cun be obtained in the dry state only 
by means of the exsiccator. 

Chloroplatinate, 2[(C'-'Il‘‘)»P.HCl].Pt‘^Cl^— The solution of the base in hydrochloric 
acid forms with platinic chloride a crystalline double salt, which is sparingly soluhlo 
in cold water, insoluble in alcohol and ether. 

lodozincatc, 2[(C‘^H“)=*P.HI.].Zn"P.- The product formed by heating dry iodide of 
ethyl with zinc and phosphorus to 150° — 160° for several hours (p. 609), forms with 
^ warm water a solution which when left to evaporate deposits an oil which crystallises on 
cooling (p. 609); and by re] )eatedly crystallising this ]iroduct from hot water and 
alcohol, the iodoziiicato is obtained in large white crystals which give off triethyl- 
phosphine when treated with pobish even in the cold (H o f m a n n). When crystallised 
phosphide of zinc is heated for some time with iodide of ethyl to 170°— 180°, and the 
product is exhausted with alcohol, an alcoholic solution is obtained, which, when h'ft to 
evaporate very slowly, deposits, together with iodide of tetrethylphosphonium, beautiful 
tablets of the iodozi neate of t rietliy Iphosphino. (C a h o u r s. ) 

Oxide of Thiethylphosphink, (C‘"IP)=P0.— This compound is produced : 1. By tlie 
direct combination of triethyliihosphine with free oxygen. The base has, indcu d, so 
strong an affinity for oxygen that it cannot be distilled without oxidation except in 
an atmosphere of hydrogen. In the preparation of triethyl phosphine by the process 
above described (p. 609), a quantity of ihe oxide always aecumulatos in the resiilucs 
l<‘ft after distilling the zinc-chloride compound witli potash ; and these residues may be 
advantageously used for preparing tlie oxide. On subjecting them to distillation, part of 
the oxide distils over with the aqueous vapour, while tlut rest passes ovco- (mly in tlio 
subsequent dry distillation of the saline residue. Tlie distillate, which is an aqueous 
solution of the oxide, is concentrated as nnich as possiblt^ over the vvater-}):ith, witli or 
without addition of hydrochloric acid, and the oxide of trietliylphosphine is scparatetl 
as a supernatant oily layer by the addition of solid potash. It is dritai by leaving it 
for 24 hours in contact with sticks of potash, and then redistil l(‘d, the first portions 
which are watery, being rejected, and the receiver changed as soon as the distillato 

begins to solidify. . , « • i -i 

2 By gently heating triethylphosphino with oxide of mercury or oxide of silver. 
Considerable evolution of heat then takes place, the metal is reduced, and oxide of 
triethylphosphine separates in oily drops or sometimes sublimes in radiated crystals. 
It aiso separates in oily drops wliim trietliylphosphine is boiled with strong nitric acid, 
and potash is added to the liighly coneentruted liquid. 

3. By the action of heat on hydrate of tetrethylphosphonium : 

(C*iP)U\n.o = {cm^yvo + 

On subiccting this comiiound to distillation, water passes over fir.st, then hydride of 
^thyl is given off witli strong intinnescence, and at about 200°, oxide of triethyl- 
phosphino distils over as a viscid liquid, solidifying in the neck of the retort towards 
ill ft pvid of the ODoration. (Hof m a n n and C a h o u r s. ) 

4 Ily decomposing the ciilorozineato of tetrethylphosphonium, 2(CHP)^PCl.Zii''Cl 
with solid potash and a small (juantily of water. An oil smelling of triethylphosphini 
(probably hydrate of tetrethylphosphonium) then collects on tlio surface of the stroD| 
iJotash-ley and when subjected to distillation yields the oxide (Pobal, Ann. Ch 
Kiarm. cxx. 194).— 5. By the action of heat on hydrate of oxethyl-triethyl-phosphonmna 
(Hofmann.) 

(CWO)(C^IP)**P.H.O = (C»H")*PO + C^H* + IPO. 

Oxide of triethylphospliine crystallises in white slender needles often several inchc 
long permanent in dry air, but deliquescing rapidly in moist air. It melts at 44 
«.iiilsolidifies at the same temperature (Hofmann); molts at 62*9°, and solidities t 
42° (Pebal). Boils at 240°. Vapour-density 4 6° (Hofmann), by calculatio 
(2 vole.) = 4 659. It dissolves in all proportions in watf r and in alcohol, but is lei 
Lluble in ethor; on evaporating the aqueous or alcoholic solutions, the oxide scparati 
at first in the liquid form, and does not solidify till every trace of the solvent has bee 
expelled * it is also precipitated as a liquid from the alcoholic solution by ether, ar 
from the ’aqueous solution by potash. I t dissolves readily in mVfr, and « “JS®™ 
by hvdriodic or hydrolm>mic acid into tho iodide of triethylphosphine,. (0*11 ) n < 

the bromide, (CW‘y‘PBr*. u 

Oxide of triethylphosphine forms crystalline compounds with certain meiau 

With Cupric culphate, 3(C’'H»)’PO.Cu''SO<.- When eiystallifse^ cupric sulphate 
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sdded to heated oxide of triethylphosphine, part dissolves with deep green colour while 
another portion is separated as a basic salt. The green solution turns blue on addition 
of a little w’ater, and when evaporated in vacuo over oil of vitriol, deposits the coin- 
poiuul in green four-sided prisms which deliquesce in damp air, yielding needles of 
oxide of triethylphosphine. The aqueous solution yields crystals of pure cupric sulphate. 
(Pebal.) 

With Trichloride of Gold. — This salt added to a concentrated solution of the 
oxide throws down a deep yellow oil which crystallises with difficulty, and is soluble in 
water and in alcohol. (Hofmann.) 

*y. With Stannous chloride.— 0\\y comptmnd which does not crystallise. 

S. With Iodide of Zhic^ ‘2((J*iP)“rO./n"l* ~8j‘parn,les on mixing tlie two solutions 
as a crystalline precipitate, or as an oil which gradually solidities" in tlu! erystalline 
form; purified by recrystallisation from alcohol. It forms monoelinic crystals exliibit- 
iiig the combination coPxi . [qdPoo] . oP . ooP . [Pao ] . Ratio of axes a : 

c = 0'90i)2 : 1 ; 1-3312. Angle of inclined axes S3° 13'; (xP : ceP (orthod.) 
=' 95° 18'; ooPoo ; aP = 1:52"' 21'; aPoo : oP = 96 ' 47'; <d» : ooP = 34' ; 

oP : [P«5 ] = l'i4^ 24'; ooP : — P = 154° S'. Twins occur with oP as combination- 
face. Lustre fatty on faces, vitreous on the fracture. Cleavage distinct parallel 
to oP and ooP. The crystals melt at 99°. 

OxYCiiLOKiiiE OF 'raiUTHYEi’iiospiiiNR, ( C‘Tr'‘)*P*CPO. — When dry hydrochloric acid 
gas is passed over fused oxide of trietliylphosphine, shining crystals of the oxy- 
chloride are formed which redissulve in exet'ss of the hydroehloric acid. If heat be 
then applied to drive off* the excess of acid, there nmuii ns a vi'ry deliquescent crystalline 
mass, soluble in alcohol, insoluble in ether. The solution tr(‘ated with platinic cliloride 
forms a compound of that salt with oxide and chloride of triethylphosphine, and wlieri 
treated with iodide of zinc, it generally yields a compound <d’ zinc-iodidc with the oxide 
of triethyUdiospliinc, and only seldom with the oxychlorid(?. 

Tho platinuni-cornjxmnd, 3(CHP'/P().((PH'y‘P0l^l'l‘'( '1\ separates also iiiimo- 
diately in the crystalline form Avlicii dry oxide of t.riethylj)ho.sphine is mixed with a 
saturated aleoholic solution of platinic chloride. By recryslallisation from alcohol, it is 
obtained in large orange-red, six-sided moiioeliuic prisms, exhibiting the faces copoo, 
oP ooP Poo +AP. Patio of axes mb', c = ()-()3()8 : 1: i’5776. Angle of 
inciiued axes = 73° 42'; ceP : odP (orthod.) = 113° 22'; oP : ooPco = lOG^^ 18'; 
oP: ooP - 98° 62'; oP : e Poo - 110^12'; ooP : +P = 1C(P3. Cleavage dis- 
tinct parallel to + Poo and ooP (Phil. Trans. 1860, p. 419). 

T\\l zino-amiimind, (C'“IP)“P*CPO.Zn''J*, forms transparent colourless octahedrons, 
soluble in w-at er and in alcohol. 

Selenilb OB 'I'lUBTUYi-piioSFHiN*, (Cne)>l'So.-Prep;ir«l. like the sulphide, by the 
direct combination of triethylphosphine with selenium ; the reaction, however, is less 
powerful than with sulpliur,— Crystallises from water as 


solution is apt to iiiidtu-go partial' decomposition when exposed to the air. 

■ • ■ (Idoned in the air. Melts at 1 1 2 and is easily volatilmed 


^ ^ Even tho 

dry crystals are slowly rt'ddeiied in the air. Melts at 1 
with partial decomposition. (Ciihours and Ifofmaiin.) 

SunrHiiiB OP TiHETHYi.PitospiiiNB, (C-iryi’S.— This compound IS produced ; 1. liy 

the direct combination of trietliyipliosphiim with sulphur. Mowers •;*“ 

gradually introduced into an ethereal solution of triethy phosphine till a port ou 
remains undissolved, the ]i<iuid effervescing on eiw.-li addition, f^e ether m 
volatilised, and the residuary mixture of the »"U*ide and free sulpl ur^t^ae l wdb 
boiling water, which dissolves tho snlplude and on cooling deposits it P 

phine in presence of air (p. 611). _ . , j i whltA 

By slowly cooling the aqueous 



optically positive the index of ref^^^^^ ^esoli- 

it is volatilised and diffuses a white vapour 

.Thecr,.m.1in.for«,.ndow..c.,proper..a.or^ 

I determined by Quin lino Sell a, are fully Je toUi' ammonutca, 1 i>rino, ISi>l 


M Qetermlned by Q ui n iin o o e 1 1 «, «• « ^ acrivati f/r 

a so In Sella ’3 Memdlr, “ Sulk forme crifaUinc dt^^^^^ * . ^ 

(from the “ Memorie della Reale Accadtmia dcHe be, 

P- 331 et scq. i 1861, p. 467 et $eq. 


Sec ai&o Jultrcpb. I8o0, 
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having a disagreeable sulphur odour, which is but slightly perceptible at cotniuon teru- 
IM^ratures. When healed with a quantity of water not sufficient for its solution it 
rises to the surface in the form of a transparent oil which is copiously volatilised with 
the aqueous vapour. 

Sulphide of triothylphosphine is instantaneously decomposed by potassium or sodium 
with separation of triethylphosphine. 

It is much more soluble in hot than in cold water, only a small quantity remaining 
dissolved at ordinary temperatures. It is still less soluble in cdhaline liq^uids. On 
adding an alkali to the oold aqueous solution, the mixture becomes turbid and soon 
deposits small crystals. On adding }X)tash to the boiling saturated aqueous solution 
the sulphide instantly separates in oily drops, which, iis the liquid cools, rapidly solidify 
into spherical aggregates of crystals. It dissolves oven more readily in alcohol and 
ether, and in distdphide of carbon almost without limit ; from this solvent it does not 
crystallise perfectly. 

The aqueous solution is without action on vegetable colours; the compound never- 
theless appears to possess weak basic properties. It dissolvcss more readily in hydro- 
cMoric acid, especially when concentrated, than in water, and the solution furnishes 
with tetrachloride of platinum a yellow precipitate, which however rapidly cakes into a 
resinous mass, giving indications of decomposition by the separation of platinic sulphitlo. 
The sulphide also dissolves in dilute sidphiirio and nitric acids; concentrated niti-ie 
acid decomposes it ; tlie fuming acid gives rise to a sort of dt^tonation. The aqueous 
solution is not affected by acetate of lead, nitrate of silver, or mercuric oxide, even at 
the boiling temperature ; the alcoholic solution, on the otlier hand, is instantaneously 
decomposed, with separation of the sulphide of lead, silver, or mercury. 

CABBOSULPHinE OP TftlETHYLPHOSPHINB, ~ Tri.-thyl- 

phosphine and disulphide of carbon combine together with violence, fomiing a red 
crystalline mass. On mixing the two substances in alcoholic or ethereal solut ion, tlio 
compound immediately separates in red crystalline iamiinn, which may be purified by 
recrystallisation from alcohol, and dried over oil of vitriol.. It forms dark rod mo- 
noclinic prisms, in which the axes a : b : a *= 1-5970 : 1 : 0*9205. Angle b:c = 
49'. Observed faces ooPoo , [ <xPoo ], oP, ooP, + Poo . Angle ooP : ceP (orthod.) 

19' ; oP : ooPoo = 123° 11'; oP : ooP = 119° O'; oP : + Poo = 122° 47'. 
Cleavage distinct parallel to [ oopco'] and ooPoo (Phil. Trans. 1860, p. 428). It 
melts at 90° and votatilises at 100°. Heated with water in a sealed tube to 100° for 
several days, it is decomposed, with formation of sulpliide and oxide of triethylplios- 
pluiie, hydrate of methyl-triethylpliosplionium, and carbonic disulphide, the hiitcr 
being further partly converted by the water into carbonic dioxide and sulphydric 
acid : 

4[(C*H»)*P.CST + 2H20 = 2(C*H")»PS + (C*lI*)^PO + (CH3)(C*H»)»PnO + 3CS“. 

The alcoholic solution boiled with oxide or nitrate of silver yields sulphide of tri- 
ethylphosphine together with metallic silver, sulphide of silver, and carbonic dioxide : 

(Cm*)»P.CS^ + 2Ag^O - (C-IP)=TS + Ag^S -f Ag* + CO*^. 


Carbosulphido of trietliylpljosphino dissolves in strong hydrochloric acid, but is 
precipitated by potash or ammonia without alteration. The acid solution forms with 
tricldoride of gold and with titrachloride of plalinmn, yellow amorphous double salts, 
which are insoluble in alcohol and ether, cliango colour and give off hydrochloric acid 
during drying. The plaiinum-salt — 2[(C'*11®’)*P.CS®J IPCP.Pt*''CP. (Hofmann.) 


SoEPHOCYANATB OF TfilETIIYLPlIOSipHONlUM, (C‘^H*)*’IIP.CNS 
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duced by dissolving triethylphosphine in sulphocyanic acid. Wlion heated, it partly 
volatilises undecomposed, but the greater part suffers decomposition, giving off sulphide 
and carbo-sulphide of triethylphosphine, together with free carbonic disulphide and 
leaving a brown ill-defined substance which gives off ammonia when treated with au 


alkali. (Hofmann.) 


Tetretbylpbosplioiiiiixii, (C*H®)^P. — ^Known only in combination. The hydrate, 
(C*H*)^P| obtained by the action of silver-oxide on the iodide. A strongly alka- 
line, nearly inodorous bitter liquid is thereby formed, which retains a little silver in 
solution, and dries up over oil of vitriol to a crystalline, extremely deliquescent 
the silver separating at the same time as a black powder, or as a brilliant metallic 
mirror. This mass when redissolved in water yields a colourless liquid free from 
but generally containing carbonic acid. The solid hydrate absorbs water and carbonic 
acid with avidity. 
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In its deportment with other substances, hydrate of tetrethylphosplioninm resembles 

hydrate of _ tetrethylammoniuin (iL 661), its solution reacting with metallic salts 

like a solution of caustic potash ; hut some of the precipitates, a. alumina and zinc- 
oxide, dissolve less reavhly in excess of the phosphorus-bjise. 

The hydrate is resolved hy heat into hydride of ethyl and oxide of triethylphosphino 
fp. 612)* If however it has been exposiMl for some time, to the air and has absorbed 
carbonic acid, a diiferent dec(.)tnposition takes place, the Ciirbonato of tetrethylphospho- 
nium being resolved into triethylphosphine and <rarbonate of ethyl, which passes over 
in the form of an inilarnniable aromatic liquid, without any evolution of pemiaiieut 
gas: 

[(CTP)*PpCO» =» 2(CTP)’’P f (CTP)^CO». 

S a 1 1 8 0 f T e t r e t h y I p h o s p h o n i u m. — Tlu^ hydrate dissolves in hydrochloric, nitric 
and sulphuric acids, forniing erystallisable deliquescent salts, soluble in alcohol but for 
the most part insoUiblo in ethe.r. The hj/droiJdomtc forms siiuringly soluble procipi- 
tatrs with trichloride of gold and tetrachloride of platinum. The (jold-.salt^ 
(C'lP)^P-AuCP, ery.stallises from boiling water in shin Lug yrlLow needles. The 
platmiim-salty 2(0-H*)^P. I’tCP, is a pale orange-yellow precipitate, sparingly soluble in 
knling water, insoluble in alcohol and ether, not deconiposiug at 100°. When recry- 
stallised from boiling water, it forms regular octahcch’ons having their summits replac(?d 
by faces of the cube. 

Chlorozmcaie^ 2(C*H'^)‘PCl.Zn"CP. — ^When oxychloride of phosphorus is added by 
drops to pure zinc-ethyl, a violent reaction is set up (exjdosive if an ethereal solution of 
zinc-ethyl is used), and a colourless syrup is formed wliich gradufilly solidifies to a 
vitreous mass, which is decomposed by water into gaseous hydride of ethyl, insoluble 
oxychloride of zinc, and a solution which when eva{)orated over oil of vitriol yields the 
cliiorozincate in colourless transparent dimetric crystals : 


4Zn"(C*Il*)2 + 2POCP « 2(C2IP)<PCl.Zn"CP -i- 2Zn"0 -f Zn"CP. 

The double salt is permanent in the niv and easily soluble in water. (Pebal, Ann. Cli. 
Pliarm. cxx. 198.) 

Iodide^ (OTP)4’I. — On mixing triethylpbosphine with iodide of ethyl, a. violent 
action ensues after a feiv moments, the liquid etfervesciug with nlmost explosive violence, 
nndthen solidifying in a while crystalline mass. If an ethereal solution of trietliyljdioa- 
phino is used, the cry.stuls form more, slowly. It is also ])roduced hy suljinitliiig 
hydrate of ethylone-hexethyl-diphosplioniiiin (p. 621) to tin* action of heat, and iit u- 
fralising the alkaline residue (wliich contains hydrate of tetretliylphosphonium) with 
liydriodic acid. 

Iodide of tetrethylphosplioninm crystallises in. rhombohodral combinations (more or 
less complex according to the mode of preparation) of the faces oR, cftP2, R, — iU, 
§r2. The angles of these several fac<*s in t he. terminal edg('s are as follows : R : R -= 
^P2 : ^P2 = 127° 6'; 5|P2 : 5P2 = 139<>; -^R: -^R = 111° KV; R; 
oR ^ 120° 28' ; oR : JP2 117°. Isoniorphoiis with iodide of silver. (Phil, 'rraiis. 
18(10, p. 033; Jahre.sb. 1861, p. 478.) , . 

Tlio iodide is very soluble in water, less solul)!© in alcohol, insoluble in other, i he 
aqueous solution cry.stMllisos on addition of potash-solution, in which this compoiiiKl, 
like the iodides of tetrainet hylammonium and tt^trethylammoninm (ii. 662 ; iii. 99.1), 
is hut slightly soluble. From the alcoholic soluti ai it is deposited ou addition of 
t'ther, as a ciTstalline powder. If ether bo ad<k*d to a cold alcoholic solution, a.s I'^’JS 
as the precipitate flr.st ftinned is dissolved by boiling, well-formi;d crystals of the iodide 
are deposited on cooling. , . „ j . p ii 

lodozincate, 2(C*IP)‘Pl.Zn"JV-This .salt, wdiich constitutes the chief product ot Nie 
action of etliylic iodide on crystallised phosphide of zinc (x). 609), forms beaiiti u 
y ell owish crystals. ( C a li o ii r s.) 

Mettayl-trletbylpbospbonlum. (CirX9'a*)’r.--'Tli^ 
rodue.edbv diroet. enmbination of racthvlic iodide with tnctlivl phosphine. ' y ^ 



Pwifled b/recrysUlHsation fromboiliuR water. The ..bta.ne, '-y 

the silver-salt ^Jith silver-hydrate, yields with hydrochlor.c acid and tetrad op e of 
platinum a 2 (Cm'’)(ClP)»l'Cl.l>tCl'. erystalhsing m lar(?c well-ddui. d 

octahedrons. 



616 


PHOSPHORUS-BASES. 


y. AmyUcompounda. 

Trlmetbylamylpbosplioiilam, C“H“P « (CH*)*(C»H»)P,—The iodid 
C*H‘‘®PI, is deposited slowly from an ethereal mixture of iodide of amyl and trimethv[’ 
phosphine. It is extremely soluble in ■water, so that if the ethereal solution of iodid 
of amyl contains only a trace of water, the salt separates in the form of a syrup whipl^ 
only gradually solidifies. From absolute alcohol it crystallises, though with difficult v 
in needles. 

ChloroplatinatCy 2(CH®)*(C*H")PCl.PtCl‘*. — The hydrate, formed from the iodide bv 
means of hydrate of silver, yields with hydrochloric acid and U'trachlorido of platinum 
a very soluble platinum-salt, which crystallises from boiling water in splendid needles 
aggregated in spherules. (Hofmann and C ah ours.) 

Triethylamylphospbonlum, =* (C-H»)»(C‘‘H”)P.— Iodide of amyl acts 

but slowly on triethylphosphine. An ethereal mixture of the two substances deposits 
in a few days beautiful crystals of the iodide C“H‘“PI, which may be purified by so- 
lution in alcohol and precipitation by ether. 

The hydrate^ obtained by treating the iodide with hydrate of silver, resembles the 
hydrate of tetrethylphosphoniiim. When heated, it gives off a small quantity of in* 
flammable gas, probably hydride of ethyl, a liquid being also formed, which boils at 
about 280°, and appears to be the oxide of diethylamyl phosphine : 

(C*H»)'»(C<‘HW)PHO = (C2H^)*(C’II")PO + C^HMT. 

CMoroplatinate, 2(C*IP)’'(C‘H“)PCl.PtCP.--The solution of the hydrate in hydro- 
chloric acid, deposits, on addition of tetrachloride of platinum, a beautiful platimim- 
salt, which crystallises in prisms with flat terminal planes. It is insoluble in alcohol 
and ether, but rather soluble in water, 

S. Allyl- compounds. 

TrteibyUaUylphospbonluiD,Cnr«P - (CnT^)»(C*‘IP)P.— Iodide of allyl acts with 
great energy on triethylphosphine, forming a solid product which, when rt'crystallised 
from alcohol, yields splendid needles of the iodide^ (C“H®)*(C®IP)PI. The c/z/ont/e and 
hydrate resemble the corresponding compounds of tetrethylphosphoniiim. The i-hhm^ 
platinatc crystallises readily in octahedrons. The su/2)hocya7iate, (C“'TP)®(C'*IP)P.CNS, 
obtained by treating the hydrate with sulphoeyatue acid, is easily soluble and crystal- 
lises with difficulty, (Hofmann, Phil. Trans. 18t)0, 442.) 

(CS) 

Trtetbjl-aUyl-sulpbooarbo-pbospbonltrlde, C‘"H^<’NPS + (C‘H'’)^l,). 

(.3115 

(Hofmann, Phil. Trans. 1860, p. 439). — This base, metameric with the sulphocyannto 
just mentioned, and formed on the carbamide or urea type, is produced by the direct 
combination of 1 at, sulphoeyauate of allyl with 1 at. triethylphosphine. The two 
bodies act on one another with great violence, forming a brown mixture which, after 
some dajys, yields brown crystals difficult to purify. It is bettor to mix the two sub- 
stances in ethereal solution, a crystalline mass being then obtained, which may be 
purified by washing it with cold ether, and once recrystallising from boiling ether. 

This compound crystallises with great fiicility in colourless, transparent, well-defined 
crystals, half an inch long. They are monoclinie, exhibiting the faces c»Poo,oP, 
ooP, +Poo, +2Poo, +^P. Ratio of axes, a: b : c ^ ()-8321 : 1 : 0-3984. Angle 
of inclined axes, c = 116° 16'. Angle ooP : ooP (orthod.) = 132° 27; oP : ooP = 
99°46';oP: oopao = 116° 16'; oP : -t-Poo = 130°26';oP: + 2Poo = 100° 54'. 
The mystals are less bard than gypsum; cleave easily and distinctly parallel to 
ooPoo and oP. (Phil. Trans. 1860, 440.) 

The compound is insoluble in water, but easily soluble in alcohol, the solution 
having a faint alkaline reaction. It melts at 68°, and solidifies at 61°. At a higher 
temperature it decomposes, emitting a peculiarly repulsive odour, and yielding crystals 
of sulphide of triethylphosphine in considerable quantity. It dissolves readily in hydro- 
chloric acid, and the solution mixed with platinic chloride yields a light yellow scaly 
precipitate of a platinvm-salt, 

CJ80H4«N2P*S*PtCP - 2[(CS)"(C*H»)«'(C*H»)NP].H*CP.Pt‘’CP. 


ff. Phenyl^eompound» 

VHetlijrb-pfaeiiylHiiilpliooarbo-pliosplioiiltriaef G’ ’H^^NFS 



(Hofmann, Phil. Trans. 1860, p. 432).— This base, analogous in composition totho 
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illyl-coTnpound just described, is produced in like manner by the direct combination of 
sulphocyanate of phenyl, and likewise purified by' washinj^ M’ith 
.(,1(1 ether and crystallisatiou from boiling ether. The crystals are monoelinic, 
xhibiting the faces ooP, ooPoo , ( ooPoo ), oP, with the angles ooP : ooP (orthod.) ^ 
6'; oP : ooV' = 109° 60' ; oF ; coPoo = 118° 68'. The crystals are about as 
iiard as gypsum, and cleave^ distinctly parallel to oopao , w'ith fibrous cleavage parallel. 
[Q ooPoo . This conipoinui is homoeomorphous with the preceding, also with thiosinna- 
tiiiiie or allyl-sulpbocurbamide. 

The phenylic phosphonitride melt^ at 67-5^, and decomposes at 100® like the allyl- 
pompound, emitting also an extremely repulsive odour. The same decomposition 
takes place gradually at common temperatures, and most quickly when the compound 
jshPiited to 150® — 160® in sealed tubes. 

The phosphoiiitrid*' is insoluble in water^ bnt soluble in alcohol and in boiling ( th’r. 
It dissolves also with tb(» grentevst facility in acida, even when very dilute, forming, in 
ninny cases, easily crystallisable salts wbieh are capable of double decomposition, and 
from which the base may be separated by' careful addition of potash or ammonia. They 
are however very prone to decomposition. Nitric acid, even if extremely dilute, 
decomposes the compound, separating sulphocyanate of phenyl, and converting tin* tri- 
otliylphospliine into oxide. The solution of the base in hydrochloric acid is more 
etithle, but becomes milky when largely diluted wnth water, sulphocyanate of phenyl 
frnsratiug out, and chloride of triethylphosphonium remaining in solution. Amnumia 
julded to the concentratcid hydrochloric solution, separates the base without decomjio- 
silion; but if the dilute solution be boiled with ammonia, the turbidity perceptible at 
tlic colnnienceinent disappears again, and after a few moments, crystals of phony 1- 
eulphocarb amide separate, trietliylphosphine being likewise set froo: 

(CS)")t(. (csy'f 

S + H»N - (C*H7P 4- CTPVN*. 

OH* r hM 


Totash acts in a similar manner, excepting that it separates diphenyl-sulphocar- 
Laiaide : 


r{CSr 


4KHO = K*S 4- IPCO* 4- IPO + 2(CTP)»P + 


(OS)" ] 
C"JP)*yN* 
IP 3 


On adding a few drops of carbonic disulphide to a solution of the phenylic phospho- 
nitride, the liquid becomes deep red, and on cooling deposits crystals of carbosulpliido 
of triethylphosphino ; and tho mother-liquor yields, on evaporation, oily drops of 

plu'iiylic sulphocyanate. ^ i i -i 

Hudrochloratc, C'*H’^'’NPS.ITC1.— The solution of the phosphonitride in hydro- 
chloric acid solidifies on cooling to a crystalline mass, winch when recrystallised from 
TTioderately warm water, yields splendid cadmium-yellow crystals often an inch long, 
boiling water decomposes it, and the dry salt likt'wise decomposes at lOO®. The same 
is the case with all the other salts of tho liase: they must therefore bo dried in vacuo 

over oil of vitriol. , , , , , ^ • -x- i 

The hydrobromate is analogous to the hydrocblorate in composition and in 

^^'K^Moroplatinate, 2C'»H«NPSCl.PtCl‘, goparatos ag a light-yellow crj-stallina pre- 
cipitate, or from dilute solutiona in somewhat better-formed crystals, often in lily-shapcd 
aggregations. 


(csr 

(C*H*)* 

C“H» 

CIP 


N 

P. — This compound is formed on 

I 


Methyl-iodide, C»®H*»NPS.CH»I 
pourinir iodide of methyl into an ethereal solution of the phenylic phosphonitride, and 

addition of platinic chloride, an acicular platmum-salt having this composinon, w 
^ay be recry staliised from boiling water. (CS)" "iN 

o..H..rpso - c-H-smoBXBo, - 

Mid, oM »»« 

this hydrate, inasmuch as, when saturated with lourocnioiio a 
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platinic chloride, it yields the acicular platinum-salt just described. It is howerer 
easily decomposed ; for on boiling, it emits the odour of pheuylic sulphocyanate. and if 
the boiling bo prolonged till this odour is no longer perceptible, addition of hydro, 
chloric acid and platinic chloride no longer produces the acicular platinum-salt, but in 
its place large yellow octahedrons are deposited on evaporation, consisting' of tho 
chloroplatinate of methyl-triethyl-phosphonium. 

f. Benzyl-co'ni'pound. 

Trtetbyl-bensyl-pliOBplioniiim. The chloride, (C'‘'H*)*(CTr)PCl, is produced 
by boating triethylphospUine with chloride of benzylcne, to 120° — 130°; best 

in presence of alcohol : 

3(CTi'‘)*p + C’H«CP + H^o « (C*H")*(C^H0PC1 + (c*rp)»HPci + (onv^yvo. 

The benzyl-phosphonmm base, liberated by successive treatment with baryta, oxide of 
silver, and carbonic acid, forms a strongly alkaline liquid, yielding a well crystallised, 
but very deliquescent iodide, and a sparingly soluble platinum-salt, which wlien recn’s- 
tallised from boiling water, exhibited the composition 2[(C*IP)*(C’II')PCl]PtCl*. 

17. Monophosphoniums produced hy the action of Diatomic alcoholic 
Bromides, Chlorides, ^c. on Trimethyl^ and Triethyl-phosphinc. 

Bromethyl-tiiettiyl-pliosplionlum. {C'‘‘H^Br)(C2H''')®P. — The bromide of this 
radicle, C“H“'PBr“ = (C‘H*Br)(C'^H»)*PBr, is produced, bjgother with dibromide of 
ethylene-hoxethyl-diphosphonhim, by the action of dibromide of ethylene on triethyl- 
phosphiiie (pp. 608, Cl 1) : 

(C*H')*P + « (C2H<Br)(C*H*)TOr 

and 2(C*H*)*P + C'-^H^Br* = (C*II')"(C-H*)"P"Br* 

The mixture becomes turbid at first and gradually solidifies to a saline mass of the 
two salts ; the action is accelerated by gentle heating. It is best to add the dibroniido 
of ethylene to triethylphosphine mixed with twice its volume of ether hi a flask HIIkI 
with carbonic dioxide and provided with an upright condensing tube. As soon as tlio 
liquid, on being heated with carbonic disulphide (p. 710), gives no further indication 
of the presence of free triethylphosphine, the separated crystals are collect <'d on a 
filter and washed with ether to free them from adhering dibromide of ethylene. To 
separate the two bromides (which are accompanied by small quantities of oxide and 
hyi-obromate of triethylpliosphino) they are crystallised three or four times from 
absolute alcohol, mixed for the last crystallisation with a little ether. The much more 
soluble diphosphoniura-bi’omide then remains in the inotlier-liquors, and the broiuido 
of bromothyl-triethyl-phosphouium is ultimately obtained quite pure and sometimes in 
separate well- developed crystids. — 2. Brominated ethyl ic bromide (C'H^Br.Br), nets 
upon triethylphosphine in a similar manner, but less energetically, and yields a smaller 
proportion of the monophosphouiuin-broinide. 

Bromide of bromfdhyl-trietliyl-phosplioiiiuin crystallises in white, unctuous, much 
elongated rhombic dodecahedrons, very soluble in wuiter and in aqueous alcolwl, less 
soluble in absolut(? alcohol. It melts at 235'^ and decomposes at higher temperntures, 
giving off hydrobromic acid. 

Silver-salts added to a cold solution of this l)romide, throw down only half the 
bromine, yielding salts of hromethyl-triethylp)hosphoniiim which generally form cloulile 
salts with the excess of the silver-salt. On continued boiling, however, the whole of 
the bromine is precipitated as bromide of silver, with formaiion of a salt of vinyl- 
triothylphosphoniura (p. 008). It is on ueconnt of Iho greater force with which 
one-half of the bromine is retained, that the conijpound is supposed to contain a 
brominated radicle. For another view of the c*onstitnl ion of this and similar compounds, 
see Ammonium-bases (i. 197). Silwr-oxule. digested with bromide of broniethyl-tn- 
ethylphoephonium, precipitates all the bromine, and forms a solution of hydrate of 
oxethyl-triethylphosphoivium. Potash has no action on the compound in the cold; after 
prolonged boiling it produces reactions which have not yet been examined. When a 
fiolntion of the bromide, acidulated with sulphuric acid, is digested with granulated 
einOf bromide of tetrelhylphosphonium is produced : 

(C*II*Br)(e*II»)>PBr + » (C*H‘‘)TBr + HBr. 

Bromide of brometbyl-tri ethyl -phosphonium unites with 1 at. triethyl- or trimethf- 
phosphine, forming dibromide of ©tliylene-hexethyl-diphosphonium or of ethylene-tri- 
methyl-triethyl-diphosphoniiim; similnjly with 1 at. ammonia,^ ethylaminc, diethf- 
amine, and trimethylamne, forming dibromidcs of phosphammoniums : 

(C*H*Br)(C*H»)T>Br + NIP « [(C=ir‘)"(0-’ir‘‘)WPN]"Br«. 
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alone acts in a dififerent way ; in presence of not perfectly dehyclruted 
eohol, it forms bromide of oxethyl-triethyl-pliosphouiuni and bromide of triethyl- 

ninonium 

:^H^Br)(C"H»)’‘PBr + (C*H»)"N + 11*0 = (C'-IPO)(C*H'^)*PBr + (C*n“)*TTNBr. 

p xvater be completely excluded, no action takes place at 100°, and the products formed 
Love 130° have not yet been <!xamined. 

Chloride of Broniffh^l-trir/Ji^l-pfiosphoivi^^^^ is obtained by digesting the bromide 
'th chloride of silver. It is very soluble in wsit^T and in uleohol, and only impertbctly 
^ tallisablo. The chloro-nnrate, (OWBr)((T-lP)*PCl.AuCl®, crystallises from boiling 
-rttcr in light yellow needles slightly soluble in cold water. 'J'he cddoroplaimatc, 
r(C‘'H*Br)(0*Il‘')*PCl]T*tCP, forms long monoclinic prisms having an orange-yellow 
I iir and vitreous lust re. The crystals are combinations of the faces cePoo , [ ooPco J, 

V +Poo, -Pco.fPool +P, -P, 2P2. Angle c»P : ooP (orthod.) ^ 91° 49'; 
rp. +p == 133° 4A'; ooP ; -P = 133° 3'; +r.x> : +P = 150° 37'; -Poo ; ~P 
^150° 14'; 2P2; -P « 160° 53'; 2P2 : a>P = 141° 39' (Phil. Trans. I«(i0, 
” 497 ) Katio of axes a: h:c = 0*9635 : 1 : 0*6580. Angle of inclined axes 5, c = 

.^0 2'. The salt dissolves rather sparingly in cold, more easily in boiling water, and 
Lav be recrvstallised without decomi>osition. 

Llide of Jiro 7 nethyldricthy^^^^^ obtained by decomposing tlio sulphate 

aith iodide of barium, forms sparingly soluble pearly scales. The nitrate is similar to 
he chloride. The sidphate st'parates in long white needles, easily soluldt' in water and 
iilcohol when the bromide is first converted, by treatment with silver-siilphaty, into a 
iloiible sulphate, of silver and bromothyl-triethyl-phosphoiuum, ami the solution, after 
being freed from silver by sulphydric acid and evaporated, is mixed with a little alcohol 
and ether. (Hofmann.) 

Chloretliyl.trlett.yl-pl.o8ptooiilum. (CTI‘Cl)(C=H-^)U^-mon tr!o|.bylpl.o«- 

iiliiiip is left in eentaet for wn-oral days at common temperatnres with diclilorido of 
rtlivlene, or with its isomer, monochlorinated ethylic chloride, a wliite crystalline mass is 
formed, whieh contains chloride of chlorethyl-triethyl-pliosphomiim, topetlier withalargo 
(luuiitity of dichloride of ethylene-hexetliyl-diphosphonium. On mixing the 
ilution with tetrachlori.le of platiniiin, a P>‘'« 

formed consisting of the platiniiiii-salt of the diphosphomnm ; hut this .ittn a ti w 
hours becomes covered with deep orange-yellow crystals of the 
rlatiiium-salt, easily separated from tlie preceding by mechaim al im ans. Uic f'Uno 
\lalimte, 21 XC‘“H'‘Cl)(C'‘-li'’y‘PCl].PtCl*, is more soluble than the corresponding brom- 

'^'ohlOTido’tf chlorcthyl-trielhylphosphoninm is also proditced hy the action of penta- 
chloride of phosphorus on the cldorido of oxethyl-triethylpliosphoimiiu . 

(C'II‘0)(C*H”)*PC1 + PCI* =. (C*H*Cl)(C*Jt')’PCl + HCl + POCP. 

Oxcthyl.«etl.ylpliosp..oniuin.C»ir-n>0 = (CTPO)(C=H*)*P.-The 

(C-H‘0)(C'H*)>Pf n is obtained hy digesting bromide of brometliyl-tiicthylphospho- 

^ '1 

nium with hydrate of silver: « . r> 

(C"-H*Br)(C*H*)TBr + 2Ag1IO = (CaPO)(C-n*)’PnO + 2Ag r; 

stsesS-pi-..- -w., - 

(C’H*o)(C-ii*)*PHO = (cnpypo + c*ii' + leo- 

The hydrate dissolves easily in ^PxLmioly soluble, and easily 

The ftroBitde and chloride are indistinctly t ^ . ’ rp|,„ diloride is Woleiitly at- 

form double salts with bromide and chloride "f . . ' iji^iiiu of bromethyl- 

tacked hy pentabromido of phosphorus, and converted into emor. 

triethyl-phospbonium: ,P.TT*ftrVC*H*PPCl + POBr« + HBr. 

»lve sparingly in boiling water, and melt to a ytllow 
iuaufficient to dissolve them. 

The 

solution 

'Well-developed quadrat; 
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•a 70® 7' — 71® 4' (calc. 70® 32'); and in the lateral edges 109® 32' — 109® 44' /«.i 
109® 28') (Phil. Trans. 1860, p. 464). The salt is easily soluble in hot water. ' ' 

The iodide, (C*H*0)(C®H*)*PI, crystallises from a solution of the hydrate saturat d 
with hydriodic acid, and left to evaporate, in long needles which decompose at 100° 

The perchlorate forms laminse slightly soluble in cold water. 

Vinyl-trtettaylpbospl&onluiDt (C*H*)(C=1P)*P. — 1. The salts of this base ar# 
obtained by prolonged boiling of salts of bromethyl-triethylphosphoninm with silve/ 
salts, the acetate being the most easily produced : 

(C*H«Br)(C*H»)*PBp + 2AgC^H>0* = (C*H3)(C2H*)*P.C2II*0* + C*H<0* + 2AgBp 

2, The hydrate appears to be produced under certain circumstances by the action of 
heat on hydfate of oxcthyl-triethylphosphoniura. — 3. Bromide of bromethyl-triethvl- 
phosphonium is decomposed by prolonged heating, pi*obably into hydrobromic acid and 
bromidf! of vinyl-trietliylphosphoninm. 

Cldoroplatinate. — The solution (1), filtered from bromide of silver, yields, on addi- 
tion of platinic chloride and sufficient concentration, octahedral crystals of the isalt 
2(C‘'IPXOTP)TCl.PtCP. (H 0 f m a n n.) 

Zodomethyl - trietliylpbosplioiiium, (CH*I)(C*H*)*P. — TriethylphosphinH 
unites directly with di-iodide of methylene C*H*P, forming the iodide (C H-‘ fpl 

which when treated with hydrate of silver at ordinary temperatures yields the corres- 

(Hofmann, Proc. Roy. Soc. x. 613.) 

Ctaloromethyl-trietbylpliosplionitim. The chloride, (CH*Cl)(C'^fP)®PCl, 
obtained in like manner by the union of 1 at. dichloride of cthyleno and 1 at. tridiliy]! 
phosphine, forms with platinic chloride a double salt which cry8tallise.s well, 'flio 
chloride is capable of taking up a second atom of triethylphosphine, and forming tim 
dichloride of mothylene-hexothyl-diphosphonium, (CIPy'(C-TP)T“(T^ 
which is decomposed by water, yielding chloride of methyl-triothylphosphonium, oxide 
of triethylphosphine and hydrochloric acid : 

(CIP)"(C»IP)"P*CP + H^O « (CH»)(C*H‘^)»PC1 + (CW)TO + IICl. 
(Hofmaxn, Proc. Roy. Soc. xi. 290.) 

Srometbyl-trimetliylpliosplioiiliim. The bromide, (C*H^BpXCH'*)*PIh', is 
formed by digesting a solution of trimethyl phospliine in absolute alcohol with a Ti i y 
large excess of ethylenic bromide at 60® — 60® for several hours, and separates on cool- 
ing in well-defined crystals, which by a few recrystallisations from absolute alcohol, 
may be obtained perfectly free from adhering dipjiosphonium-salt. The crystals arc 
trimetric prisms exhibiting the faces oo^oo , ooPoo , oP, coP, 2P2. Ratio of axes 
a: b \ 0 ^ 0’o681 : 1 : 0*4071 (Phil. Trans. I860, p. 690). 

The chloroplatinatc, 2(C^H^Br)(CH’)*PCl.PtCP, crystallises in fine orange-yellow 
needles. 

Oxetliyl-tiiinetliylpliosplionlumv (C*H*0)(CH*)H\ — The hydrate produced by 
tho action of silver-hydrate on the bromide of bromothyl-triinethylphosphonium fornifl 
with liydrochloric acid a very soluble chloride, which yields with tetrachloride of 
platinum an easily soluble chloroplatinate, 2(C*H*0)(CH*)®PCl.PtCP, crj'stallising in 
octahedrons. (H o f m a n n.) 


II. Diphosfhoniums. 

Btbylene-hesetliyl-aipbospbonliim. C*HI«P* « (C*H<)''(C*H*)*P.7-The 
bromide of this diatomic base, (C*H^)''(C'*H*)®P*Br^ is produced by the action of 
bromide of ethylene on triethylphosphine : 

C*H'Br* + 2(C*H®)»P - (C«H0''(C»H»)«PBr». . 

If the substances are mixed in the exact proportions indicated by this equation (1 vol. 
bromide of ethylene to 3 vol. triethylphosphine) the bromide of the diphosphonium is 
obtained nearly pure ; but if the bromide of ethylene is in excess of this proportion, tho 
product will likewise contain tho bromide of brometh;^l-triethylpho8phonium (p. CIS)- 
As this monatomic bromide is difficult to remove, it is better to prepare the ffiatonuc 
bromide by saturating the corresponding hydrate with hydrobromic acid. The dibronu^ « 
is also easily prepared by the action of triethylphosphine on the bromide of broinethy • 
triethylphosphonium, its formation taking place in a few minutes in an alcoholic solu- 
tion heated to 100®. . j 

The dibromide forms white needles, permanent in the air, very soluble in water a 
in alcohol, insoluble in ether. 
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Oo adding btomine-water to the aqueous anlution^ beautiful yellow, but very 
instiible needles are formed, probably consisting of a polybi*omide. 

Jirotnargentatef (C^H’‘)''(C'‘*H“)®P®Br*.Aglir. — When the boiling concentrated aleo- 
jolic solution of the^ diphosphonium-bromide is mixed with Jis much silver-oxide as it 
H capable of dissolving, the hot filtrate deposits on cooling, white crystals of the brom- 
irgciitate which are somewhat difficult to rccrystallise from boiling alcohol. The 
louble suit is immediately resolved by water into bromide of silver and the bromide of 
he diphosphoninm. 

The bromide decomposed with hydrate of silver yields the corresponding liydrate, 
Rrhicli when treated with acids yields the several salts of ethyleno-hexethyl-diphos- 
phoniura. 

Carbonate . — Slightly deliquescent, reddens litmus. 

Chloridcy — Produced by saturating tho hydrate with hydro- 

chloric acid, or by treating the bromide or iodide with chloride of silver ; also when 
trif'tliylphosphine is mixed with dichloride of ethylene, or heated for some time to 120® 
with chlorinated ethylic chloride. It forms abroadly-laminar, pearly, very dt'liqueseont 
crystalline mass, very soluble in water and in alcohol, insoluble in ether. It is precipi- 
tated unaltered from its aqueous solution by potash. 

CUoroauratCy (C®H^)"(C‘^fP;‘*P‘CP.2AuCP. — Golden-yellow needles, sparingly soluble 
ill cold water, easily in boiling alcohol. 

Chloropalladite. — A dilute solution of the diphosphonium -chloride is not precipitated 
by chloride of palladium; but on adding alcohol, a chocolate-coloured i*rystalline pulp 
is formed, consisting of small interlaced needles, the concentrated a(]ueous solution of' 
wliicli deposits reddish-yc'llow prisms on slow cooling, and a yellowish-red ciystallino 
powder when quickly cooled. 

ChJoromcrcuratey 2|(C^lI^)"(C*TI®)‘*P-CP].3Hg"CP. — Thin white laminm or needles, 
ijlightly soluble in water and in alcohol. 

ChloroplatinatCy (C*H^)'\(PH*)"P“01*.Pt0P. — Tetrachloride of platinum produces in 
the most dilute solutions of the diphosphonium-chloride a pale yellow precipitate, 
which crystallises from boiling hydrochloric acid in small well developed inonoelinic 
prisms, having an orange-yellow colour and vitreous lustre. Jnclination of axes, h, c, 
82® 36\ Observed faces oopec , [ coPoo], oP. (heavage pcTfeot parallel to all 
tliree. The salt is nearly insoluble in water, whether cold or boiling. 

The chlorostannite forms large prisin.s, probably containing (C‘-*IT<y'(C'‘'H*)«P*CP. 
2Su''CR 

Chr ornate. — Stellate groups of extremely soluble noodles, obtained by saturating 
the hydrate with chromic acid. 

Cyanide.^^hifi salt is not obtained by saturating the hydrate with hydrocyanic 
acid ; but when the iodide is digested with cyanide of silver, a double salt passes into 
ifolution, which crystallises in line needle.s, but is very easily decomposible. 

The solution of tho liydrate saturated with hydrofluoric add dries up 
over oil of vitriol to a colourless transpiirent syrup, soluble in alcohol, insoluble in 
ether. — The silico-fluoridc is un crystal! isable. 


liydrate, | O*. — Prepared by adding oxide of silver to an alco- 

holic solution of tho bromide, or better of the iodide, which is more easily obtained 
pure U)id. inf.). Tho silver-oxide then dissolves, and the solution soon deposits a 
‘ompound of the bromide or iodide, of the diphosphonium with bromide or iodide of 
silver; but on adding more silver-oxide and a little water, this double suit is decom- 
posed, and a highly caustic, nearly inodorous, hut very bitter liquid is obtained, which 
vhen filtered and evaporated in tho air, takes up carbonic acid and leaves a crystal lino 
luixture of hydrate and carbonate, but dries up in vacuo over oil of vitriol to a very 
‘I ‘liquescent, perfectly uncrystalline syrup, from which potash separates e y r 
‘>f Pthylene-hexcthyl-diphosphonium in oily drops. , rr.o r .n.pnTn- 

TIjo solution of the hydrate is not altered by heating to loO , but 
I'ose at 160°, and is completely decomposed at 2.50'>, the ultimate . 

‘listillation being triethylphosphinc, oxide of triethylphospliiue, ethyltne-gas aid 

water : 

(C’H<)"(C*H*)T*H’0' = (C'H*)’P + (C“H‘')“rO + C*n* + H*0. 

As intermediate prodnets arc obtained the liydrate of tctrothylphosphonium and 
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solutions of antiimnious chloride and stannous chloride are double salts crystallisin • 
interlaced needles. The hydrate separates ammonia^ aniline^ trUthylptmphvne 
many other amines and phosphines from their salts. It has no action upon nhospkii^ 
but dissolves sulphur, forming a yellow liquid which when treated with acids gives ff 
aulphydric acid and yields a precipitate of sulphur, and precipitates lead from it^i salt 
as sulphide.^ It dissolves iodine witli facility ; and on mixing the colourless solutio** 
which contains the iodide and iodate of the diphosphonium, with strong hydrochloric 
acid, it solidifies, after transient dark coloration and turbidity, to a lemon-yellow ervH. 
talline mass which crystallises from alcohol in fine needles, and is probably a compound 
of the diphosphonium-iodido with chloride of iodine. ^ 

Iodate. — Very deliquescent syrup which solidifies very slowly to a crystalline mass. 

Iodide, (C*H^)"(C*IP)®P'I2. — When the mother-liquors obtained in the preparation 
of bromide of broraethyl-triethylphosplionium (p. 618), are treated with silvcr-oxid(* 
and the filtrate is saturated with hydriodic acid, a solution is formed containing iodidy 
of efhyleno-hexethyl-diphosphonium, and iodide of oxethyl-triethylphosphonium, whicli 
are easily separated by crystallisation, as the latter is very soluble in cold water and 
alcohol, and remains wholly in the mother-liquors aft<T t he second recrj'stalliaation. 

Tile diphosphonium-iodide crystallises in white tinraetric needles, elongated in the 
direction of the brachydiugonal, and consisting of combinations of the fiicc*s ooP, , with 
others which cannot bo exactly determined on account of curvature. Angle ooP : oop ^ 
69° 24'; too : too over tho principal axis -- 89° 42'. The crystals cleave perfectly 
parallel to ooP and too , and have a vitreous lustre on the faces ooP, nacreous on too . 
The smaller crystals are transjiarcnt, tho larger ones milky and hollow. The. salt 
melts without decomposition at 231°, and decomposes at higlier temporatureB, with for- 
mation of a brown substance not further examined. Heated with caustic baryta it 
gives off triethylphosphino. 100 pts. water dissolve 458*3 pts. of it at 100° and only 
3 '08 pts. at 12°; it is but slightly soluble in alcohol, and insoluble in ether. Potash 
precipitates it in the crystalline state, oven from dilute solutions. It forms doubly 
compounds with various metallic salts. 

lodosincaU, (CHl‘)"(C“lP)“P^I-./if'I*. — ^Formed on mixing the aqueous solutions 
of the component salts, as a crystalline precipitate which separates from hot water in 
long needles. 

Nitrate. — Laminre permanent in tho air, very solnhle in water, less solulde 
in alcohol, and preei])itated from alcoholic solution by ether as an oil. Forms with 
mercuric cliloride a precipitate which crystallises in needles. 

Oxalate. — Slightly crystalline. 

Perchlorate, (C*H‘)"(CHP)*P-.CPO*. — Beautiful needles often an inch long; may 
be dried at 100° without decomposition, but detonates wdtli a higher temperature. 

Phosphate. — Obtained by boiling the iodide with excess of silver-phosphate. 
Slightly crystalline. 

Pier ate. — Separates on adding picric acid to a moderately strong solution of the 
hydrate, as a yellow crystalline precipitate which si’parates from the boiling alkaline 
solution in long needles. 

Snip hat e. — Radio-crystalline, very deliquescent. 

Bulphocyanaie. — The aqueous solution produced by boiling the iodide with 
recently precipitated sulphocyanate of silver, dries up over the water- bath to a crys- 
talline mass, soluble in water and in alcohol, but precipitated from tho alcoholic solu- 
tion by ether. 

8 ulp hydrate. — The solution of the hydrate saturated with sulphydric acid leaves 
a gummy mass when evaporated in vacuo over oil of vitriol. If evaporated over tlve 
water-bath with access of air, it leaves the crystalline sulphate. 

Tartrate. — ^Extremely soluble; difficult to crystallise. 

Appendix to the Compounds of Ethylene-hexethyl-diphosphonium. 

Faradiphosphonium compounds. — When tho aqueous solution of hydrate of 
ethyienc-diethyl-diphosphonium is evaporated in a retort filled with hydrogen, it hogmH 
to decompose as above mentioned at 160° ; and if the dry distillation be interrupte<.l ^ 
soon as the heat has risen to about 190°, the alkaline rosiduc then remaining yic-i^ 
with hydrochloric acid and a small quantity of platinic chloride, no longer the p-ile 
yellow crystalline proeipibite of chloroplatinate of ethylono-hexethyl-diphosphoniuD^ 
perfectly insoluble in water and in dilute hydrochloric acid, but an amorphous dirty 
yellow salt, easily soluble in hydrochloric acid. If the dingy 'precipitate produced »y 
tho first drops of tho platinum-solution be filtered off, and tho filtrate treated with 
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tber quantity of the platinum -solution, the . amorphous platinum double salt is 
iViincd quite pure and of a light yellow colour. The same double salt is produced 
similar treatment of the hydrate of oxethyl-triethylphosphonium ; also by adding 
'^^drochloric acid and platinic chloride to the mixture of hitherto unoxamined products 
■^nned by prolonged heating of monobrominatod ethylene (bromide of vinyl, C*H®Br) 
'r'th triethylphosphine to 100° — 180°. It has ibc same percentage composition as the 
'hloroplatinute of ethylene-hexethyl-diphosphoiiium. If the amorphous palo yellow 
' pgjpitato sus£)t>nded in water be dcconqx)scd by sulpliydric acid, and the filtrate, 
^\'ed from the excess of that gas, be treated with silver-oxide, the resulting solution of; 
‘^J^^^j^^,|}jYlene-hGxethyl“diphospl)oniiim hydrate yields, when saturated with hydriodic 
^ Vl and evaporated, a gummy mass which slowly becomes crystalline, and after 
^cueated crystallisation is identical with the iodide of cthylene-liexethyl-diphospho- 
Lum. Hcnco it appears that the paradiphosphoniiim salts are gr.idually reconverted 
hito ordinary diphosphonium-salts. (Hofmann, Phil. Trans. 1860, p. 633.) 

^^rornnle of this radicle, 

/n2H‘y'(CHi^)'*(Cn-^)'‘P-Bi'^ is produced, with violent action, by treating tlie bromide of 
1 rnmethvl-trietliylphospho Ilium with trimethylpliospbiiu-. It is more suluhle than the 
bromide of the hoxethylated base, which it resembles in other rc'speets. When digested 
moist silver-oxide it yi«dds an (extremely caustic hydrate, which forms with hydro- 
flilorie acid and platinic chloride a pale yellow scaly chloroplatinate containing 
ar-’H ‘ '(CTP)"(CIH )“P"CP.Pl CP. 

Etlivlene-liexmetliyl-dipliosplionlum. The hromi(h\ (CHI‘)"(C1P)«PW, is 
rr'uoed by treating bro.aide of ethylei.o at 100“ witl. cxcossof triniothj |,hosphme 

r . X 1-. >tnf tniiv Via oVitained with some diflieulty in well-doveloped 

the angle of the 
Angle ooP : ooP 


produced by treating bromide of ethylene at liH)- witii e.xcess^oi Lniue. 

extremely doHquoscerit, but may be obtained with some diflieulty iiM 
inonoeliiiic crystals having the axes a : 6 : c = 

■ixcs h,G — 37° 49', and exhibiting the faces ol, c® L , H 

(.ji thcKl) = sa I'l , ol »1 thi' usual way, is a yellow, 

apiwS lS;'- boiling bydroehloric acid iu 

^ ThTJo^ obtained by saturating the hydrate with hydriodic 

acid, forms beautiful sparingly soluble needles. 


bro- 


III. PHOSPHAMMONIUMS. .^o-rny' 

(C*H ) Iw 

Bthylene-trletUylpboapliammonlum. C*n«NP = 

of this diatomic base is obtained by Sourln"^^^ 

conlamina^dwithbc^id^^^^ = (Cae)"(OTe)™.Br«. 

Tlic pure salt is best obtained by saturating the hydrate with hydrobromic acid. 

sitting of slender needles sparing is obtained as a pale yellow, 

The cUoroplatinate, (0 H*; (C H ) « m ,j,,„rin„lv in hoiling water, and crys- 
slightly crystalline precipitate, which dis • j^;,, ^ell-developed trimotric prisms, 

tallises"^ from hot concentrated hydrocWoric acid m jeUdev.^^^^^ U9“40'; f» : 

The h drate (C'H*)"(C«H>)»H>NP | q. opined by treating the bromide with sil- 

ver-oxide, maybe concentrated 's^rong^^^ it gi^es off 

finally separated by potash >“ “I'y .A .tl^rmonium ; 

ammonia and leaves hydrate of vinyl-trie y v ^ -HTtp . XT*0 

Btliylene-tetretliylplipspliammonluin. t brornethyl-triethylphos- 

is obtained by the combinalion of te from its solution in oily drops by 

phonium (p. 608).--The by satnration with acids, 

concentration over the white needles easily soluble m water and 

. Thefo*rfr,(C'H^r(C»H*);H*NP. in ,tUer. Potash 

in aqueous alcohol, sparingly soluble in absolute 
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precipitates it from its aqueous solution \vithout decomposition, as an oil which 
gradually solidifios. 

The chloroaurate, (C*H^y'(C*H*)^H*NPCl*.2AuCl*, forms golden-yellow Bnarinwlv 
soluble needles.-— The chloroplatinate^ (C‘‘^H*)"(C'^H*VH*NPC1* PtCl^ crystafliatts 
orange-yellow, trigonal-tabular or sphenoidal monoclinic combinations, ooPoo .bp. oDp 
[ ooPao ], usually hemimorphously developed, sometimes on one, sometimes on the othfT 
side of the orthodiagonal. Angle ooP : oP « 93° 8' ; ooP : oop ii the orthodiagonal 
principal section = 89° 60'; I Poo ] : [Poo ] in the dinodiagonal principal section 
90° 29'; oP : ooPoo 86° 62'. • 

Btbylene-pentetliyl-pliospliammonlaiii. (C®H^)''(C*H'‘)*HNP.— The hromide 

is formed by the action of diethylamine on bromide of bromethyl-triethylphosphonium 
—The cUoroplatinate, (CTI«)"(CW)^HNPCRPtCP, crystallises in rectangular plate!?!. 

Bthylene-trletliyl-metliylplioBpliainmonlum. The hromide is formed hy^ 
digesting methylamine with bromide of bromethyl-triethylphosphonium. — The platinum^ ' 
adty (C*H*y'(C*H*)*(CH*)H*NPCP.PtCP, crystallises in long needles, very sparingly 
soluble. 

Etbylene-trletliyl-trimetliylpliospliaininonium. The hromide is produced 
by the union of trimothylamine with bromide of bromethyl-triethylphosphonium. — The 
flatinum-salt, (C*II*)(C®H“)’‘(CH*)*NPCr-.PtCP, crystallises in beautiful needles. 

IV. Phospharsoniums. 

The only salts of this group yet discovered are those of — 

Etbylene-nexethylphospbarsonium. The bromide^ (C2II')"(C2H'‘)®PAsTlr*, is 
produced by digesting bromide of bromethyl-triethylphosphonium with triethyhirsiiie 
in a sealed tube. When digested in the cold with moist oxide of silver, it is converted 
into the hydrate^ (C*H‘‘)"(C^H,*)®PAs.H20* the solution of which is resolved by boiling 
into hydrate of oxethyl-triethylphosphonium and triethylarsine : 

(C*iP)''(C2H*)»PAsn^02 = (c^n»o)(c*n‘‘)»PHo -t- C2 h>)>a8. 

The hydrate saturated with hydrobromic or tydriodic acid yields the bromide or 
iodide in fine needles. 

The cMoroplatinatey (C*H*)"(C*H*)*PAsCl*.PtCP, is obtained by adding platinie 
chloride to the aqueous solution of the phosphnrsonium-chloride, us a pale yellow pre- 
cipitate which is nearly insoluble in water, and c^stallises from boiling hydrochloric 
acid in orange-red triclinic prisms, ool?oo . ooPco . oP . . 2P 00 . F. Angle 

ooPoo ; ooPoo -3 98° 8'; ooPoo : oP = 91° 46'; F : ooPoo 116° 66'; 2T> : 
oopoo ■=. 146° 36' ; P'oo : ooPoo — 126° 67'. The crystals cleave parallel to ooPoo 
and oP. 

V. Tbiphosphonium-compounds. 

When triethylphosphine is gradually mixed with crystals of iodoform as long as any 
rise of temperature is thereby produced, a light yellow viscid mass is formed, the solu- 
tion of which in boiling alcohol deposits crystals of iodide of formyl-ennethyltri- 
phosphonium, (C^I1)"'(CTP)®P*F. This salt dissolves easily in water and sparingly 
in alcohol, but is insoluble in ether. Iodide of zino added to the aqueous solution 
throws down a white double salt containing 2(C*H)'"(C^H‘)®P^I“.3Zn"I*. TetracUoruh 
of •platinum forms a light yellow precipitate of a platinum-salt, 2(C}l)"'(C*H‘^)“P*Cl*. 
3PtCP, which crystallises from boiling alcohol in rectangular laminae. The iodide 
treated with oxide of silver does not yield the corresponding hydrate, but imdorgoes 
decomposition, forming hydrate of methyl- triethyl phosphonium and oxide of triethyl- 
phosphine : 

(CH)'"(C*H»)»P»P + 3AgHO = 3AgI + (CH>)(C*H»)»PHO + 2(C*H»)*PO. 
Triethylphosphine treated with chloroform or with tetrachloride of carbon yields the 
chbricle of formyl-ennethyl-triphosphonium. (Hofmann, Proc. Eoy. Soc. x. 169 ; xi. 
290.) 

PBOTOCBEMZST&T. See Liout, Chemical Action of (iii. 678). 

PBOTOOEB* A term applied to the light hydrocarbon oils obtained by distilling 
coal, shale, peat, &c., at low temperatures, and used for burning in lamps. (See Pakaf- 
FiN, pp. 344-349.) 

PBOTOOBAPBT. The history of the art of producing sun-pictures, and a Hketch 
of the several methods, have already been given in the article on the Chemical Action 
of light (iii. 692). The present article contains a more detailed account of some 0 
the processes now in use. 



PHOTOGRAPHY, 625 


A« Processes in which Silver-salts are used. 


I. Wet Collodion Process. 

1. The photogmphic collodion is propared by dissolving 5 grras. of giin-cotton op 

pyroxylin, carefully washed and neutral to test-,)aper, in a mixture of 200 cub. cent, 
of alcohol of 40 per cent., and 300<=> cub. cent, ether of 62 per cent.; and to this solu- 
tion IS added a mixture of 45 grms. of cadmium-iodide with a little aramonium-iodido. 
mid 1'26 grra. cadmium-bromide with a trace of ammonium-bromide, all finely pul- 
verised. •' * 

2. To prepare the sensitive surface, a plat© of glass frc;© from flaws, thoroiiglily 
cleansed by washing witli water, nitric acid, alcohol, &c., and quite free from dusX is 
covered with the pre parted collodion, and jilunged wet at one dip in a solution of silver- 
nilrate containing 8 pts. of the salt in 100 pts. of watcT. Th(‘ coagulated collodion 
then imprisons within its pores the iodide and bromide of silver resulting from the 
chemical reaction, and thus forms a continuous sensitive film. The plate is then 
exposed to the action of light in tlie cam(*ra for an interval varying from 30 seconds to 

minutes according to the intensity of the light 

3. Drvckprfiunt of the Picture.—Tho, exposure of the plate in the manner just men- 
tioned does not produce any visible imago ; but the iodide and bromide of silver in tlie 
film have undergone a certain change, their atoms having apparently acquired a certain 
degree of mobility, in consequence of which, when sul)inltt(*d to t he action of reducing 
agents, such as femms sulpliat.e or pyrogallic acid, they sutler decomposition, the silver 
being reduced to the inetailic state and forming an opatpie metallic film on those parts 
of tlio surface which have been exposed to the light. To eftect tliis reduction, tlie sen- 
sitive plate, immediat ely after its removal from the camera, is washed with one of tho 
two following solutions : 


Saturated solution of ferrous sulphate 
Filtered water ..... 

Glacial acetic acid .... 

^ Alcohol of 36° 

Or; 

Water 

Acetic acid 

Pyrogallic acid . ... 

4. Stri'.ngthening (^lienfor^agf'). This necessary but very delicate operation consists 
in washing the plate with a solution of 2 grms. nitrate of silver, 100 c. c. distilled w'Rter 
luid 5 c. c. alcohol, — then with one of the developing solutions above mentioned, 
then again with the strengthening liquid, and so on, till the j^ieture has acquired the 
proper degree of intensity. Or instead of subjecting tho plate to tliese alternate 
washings, it may be immersed in a mixture of the developing and strengthening solu- 
tions made just before it is wanted for use. Tho plate is then carefully washed with 
pure water. 

5. Firing — To remove the undecompmsed portions of iodide and bromide of silver, 
and thus protect the picture from tlu? fiirtlier action of light, the plate is immersed either 
in a solution of cyanide of polassiwn containing 2 jjor cent, of the salt, or in a solution 
of hyposidplixte of sodium containing 25 per cent., then washed carefully with a large 
quantity of w^ater. 

Tho last operation consists in varnishing the picture, the plate having been pre- 
viously hcatoil so tliat the varnish may spread over it uniformly. 


1 00 c. c. 
700 „ 

20 „ 

20 „ 

250 „ 

20 „ 

1 grm. 


The picture obtained by this process is, as already observed (iii. 693), a negative 
picture, tho piarts most strongly acted upxm — which of course coiTPspond with the 
bright e.st pjarts of the object — Vicing the darkest. To obtain positive pict ures, a slu’ct 
of white piaper of good quality is covered on one surface wdtl) a layer of albumin mixed 
with a cc)nvenient quantity of sal-ammoniac. It is then I’eudcred sensitive by laying 
it for a wdiile on a solution of nitrate of silver of the striMigth ot 15 pier cent., taking 
care to avoid t he p^rcsence of air-bubbles between the paper and the surface of tlie liqiiid. 
The albumin thus becomes impregnated with chloride of silver. The piapier tlius pre- 
pared is placed w’hen dry behind the negative picture, and exposed to light, w'hereby 
the chloride of silver is reduced on those parts which are behind the transparent parts 
of tho negative, while those portions of the surface which are behind the opaque parts 
of the negative remain unaltered. 

The silver thus reduced has, however, an unpleasant red colour, and to obtain a 
oarker and more agreeable tint, the picture is steeped in a gold- bath composed of 
1900 grms. distilled water, 30 grms. neutral acetate of sodium, and 1 grm. trichloride 
of gold mixed with chloride of potassium. As soon ns the desired tint has been, 
VoL. IV. S S 
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obtained, an effect which is rapidly produced at the temperature of 26® C., the picture 
is to be fixed by immersing it in a bath composed of 600 grms. distilled water and 
100 grms. hyposulphite of sodium, then washed several times during 12 hours with 
distilled water. These operations of toning and fixing must be performed in a room 
from which daylight is excluded. 

To ensure success in the process above described, attention must be paid to certain 
precautions: 1. The silver-bath used for obtaining the negative must be slightly 
acid. If it is neutral or basic, the image will he cloudy and deficient in strength in 
the darker points ; if it is too acid, the production of the pieture takes place slowly. If 
it is either supersaturated or insufficiently charged with iodide of silver, especially if the 
film of collodion is not very thick, the negative obtained will bo full of hoh!S.-~2. The 
glass must be free from defects and thoroughly freed from dust, otherwise pa rtial reduction 
of the silver takes pi ace before the plate is exposed to the action of the developing solution. 

The great objection to photographs on paper is their alterability. In connection 
witli this the following fact is interesting. The hyposulphite of sodium used for 
removing the excess of silver-chloride forms sodio-argontic hyposul})hi1es, one of 
which being but very slightly soluble, remains in the paper and gradually decomposes, 
ultimately destroying the picture ; whereas the other, which is formed when the hypo- 
sulphite of sodium is in large exce ss, is very soluble, so that when the latt<»r condition 
is ^dfUlod, the subsequent washing removes nearly all if not the whole of the alterahle 
substance remaining on the paper. Photographs fixed within the last few y»*jirs 
with due attention to this circumstance have remained unaltered up to the present time. 

The author of this article proposed two years ago to remove the hyposulphites by 
the use of chlorine- wat r, free from hydrochloric acid, and added in proportion to tho 
quantity of hyposulphite which might remain in the picture ; an excess would give 
rise to the chlorination of the gold and silver in the picture. The hyposulphite might 
also he converted into sulphate by means of a solution of oxygenated water, recently 
prepared with peroxide of barium and carbonic acid, and freed from excess of the latter 
by means of baryta- water. 

IHrfct PosUivt.s on Glass . — The picture obtained on a sensitive collodion plate by 
very short exposure in the camera, and very slight developoment, may serve as a 
positive when placed upon a black ground. Under these condit ions, tho very small 
quantity of silver reduced on the lights of the picture conceals the black ground, and 
appears white, whilst in the parts corresponding to tho shadows of the object no silver 
is reduced, and the black ground shows through. The collodion for these pictures is 
prepared with 300 c. c. wab r, 126 c. c. alcohol, and 3 grms. pyroxylin ; and to this is 
Llded a mixture of 176 c. c. alcohol, 7 grms. iodide of ammonium, and 07 gnn. 
nitrate of silver. The plate is rendered sensitive by immersion in a bath of silver- 
nitrate containing 6 per cent, of the salt acidulated with a few drops of nitric acid ; and 
after a very short exposure in the camera, the picture is developed with a mixture of 
100 c. c. saturated solution of ferrous sulphate, 600 grms. wafer, 20 grms. acetic acid, 
20 grms. alcohol, and 6 grms. sulphuric acid, and fixed with cyanide of potassium. 
Lastly the back of tho glass plate is covered with a mixture of oil of turpentine, 
Mecca balsam, and lamp-black. 


II. Dry Collodion Process. 

This process, which differs from the preceding only in tho mode of obtaining the 
negative, has tho advantage of enabling the operator to prepare beforehand a larp 
supply of sensitive plates, and ttius to take a considerable number of pictures on tnc 
same day, a convenience wliich is especially valuable in landscape photography. 

The best mode of proceeding is to cover the collodion plate- rendered sensitive a 
usual by immersion in a slightly acid silver-bath, then washed several times in Uis- 
tilled water— with a solution of tannin freed from resinous matter and having 
strength of 3 per cent. The plates thus prepared are as sensitive after the lapse 
several months as immediately after preparation. The picture is developed wii 

**^OtlS'm^^^cation8of the dry collodion process are Tamponot’s 
minised collodion, and those in which the dry collodion film is covered with sugar, non y, 
inetagelatin, &c. ; but none of these are equal to the tannin process just mentionea, 
which is due to Major Bussell. 


III. Albmiin Process on Glass. 

This process, dme to Niepce de St. Victor, indudes the taking 
and positiTcs on albuminised plates. A layer of albumin impregnate 
potassium is rendered sensitive in a bath composed of 100 

of silver, and 10 grms. acetic acid. The picture is developed with gaUic acia. 
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fixed with hyposulphite of sodium, and brought to an agreeable tint by means of 
chloride of mercury or chloride of gold. 


B. Pfiotographic Processes without Silver-salts. 

1 . Photography with Carbon^ Ferrous salts or Uranium-salts . — Of these three 
jnethods, the first is that which yields the best results. It depends on the action of 
light on the salts of chromic acid and on gehitin or a similar substance. 

A sheet of paper impregnated with these matters is placed behind a negative and 
exposed to light, whereby the substances arc rendered insoluble in the parts corres- 
ponding to the transparent portion of tlie negative, and therefore to the dark parts 
of tlio original object. The parts thus altered are alone capable of retaining por- 
phyrised black, or coloured powders, or lithographic ink, subsequently applied to the 
purfiice of the paper. 

The processes depending on the use of ferrous and uranic salts present no particular 
interest. 

2. The processes of photolithography, photozincography, that called 
heliograph y discovered hy Niepce in 1827, and photogalvanography are 
described in the article Light (iii. 694). The last-mentioned process, depending upon 
the property possessed by certain substances, chromatised gelatin for example, 
of losing, by insolation, the power of swelling up in water, or when exposed to the 
nction of steam, was invented by M. Poitovin, and has lately been much improved 
by a very skilful operator of Paris, M. Villcneuvc, who has advantageously 
modified the manipulations, and replaced the gelatin by another substance, the com- 
position of which, however, he keeps secret. The impressions obtained from the 
plates formed by his process are extremely dehcato. 

For further d(;tails, sec Pelouzeot Frimy, Traite do Chimie, 3mo ed. iii. 1429-1486. 

A method of measuring the relative sensitiveness of different photographic papers is 
d<‘scribed by A. McDougall in the Journal of the Chemical Society, vol. xviii. p. 183. 


PBOTOSAWTOimr. C"IP^O*. (F. Sentini, Bull. Soc. Chim. 1864, ii. 21; 
1805, i. 271.) — A neutral substance, produced, together with formic acid, by the action 
of light on santonin. The change takes place slowly under the influence of diffused 
daylight, more quickly on exposing santonin, either dry or^ in contact with water, to 
the action of the direct solar rays ; but the transformation is not complete even after 
throe months’ exposure. A better mode of effecting it is to expose an alcoholic solution 
of santonin, freed from air by passing carbonic anhydride through it and then sealing 
it in a tube, to sunshine for about a month. The liquid then acquires a yellow colour, 
and when it is subsequently mixed with about fifteen times its volume of water, the 
photosantonin separates in oily drops, which, in the course of a day or two, crystallise 
in white lamina? ; it may be purified hy two or three crystallisations from alcohol. 
The last portions which separate have a yellow colour, arising from a resinous sub- 
stiiuco ; this may be dissolved out by leaving the photosantoriiii for two days in con- 
tact with cold potash-ley, W'hich also favours the crystallisation of the photosantonin. 

Fhotosantonin is colourhi.ss allid tninsparent, destitute of odour, but has a slight bitter 
taste. It crystallises in square plates, which have no action on polarised light, a cha- 
racter by which this substance is easily distinguished from santonin. It melts between 
64° and 65°, begins to give off viipour at 180°, and boils at 305°. ^ It is insoluble in 
cold water, but dissolves in boiling winter sufficiently to impart a distinctly bitter taste , 
alcohol and ether dissolve it in large quantity, forming very bitter solutions. . . 

Photosantonin, exposed to the air for nine or ten months at 100°, diminishes slightly 
in weight, and is partly converted into a yellow resin soluble in pota-sh. In wiitJict 
with strong nitric acid^ it liquefies, forming drops which float on the acid. Strong 
^al'pkuric acid colours it orange-yellow, and then decomposes it. 


Jn 


(Marignac, Ann. Ch. 


H* 

I^BTBAXJLMXC ikCXB. C«H’NO* = (C»H^O*)" 

H , , . r 

I*liarra. xlii. 219.— Laurent, Eev. scient xiii. 601.)— Reduced hy Ihe action of 
apeous ammonia on phthalic anhydride. Ciystallises in a 
J^cedles, forming an acid solution with water. It gives off water between ® 
120°, and is converted into phthalimide, CWNO*, which sublimes at a higher tempe- 
rature. The aqueous solution, after boiling for some tune, yields phthalate of ammonium 

of silver, C-H«AgNO» is a arhito precipita^, composed of c^stdKne 
scales if formed with boiling solutions. It is quite insoluble in water, melto when 
heated, and decomposes without explosion. 

SB 2 
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Thenyl'phthalamic acid^ C’*H”NO* «• (C^H^O^y'^Q.— Obtained by boiling 

phenyl-phthalimido, C'^H^NO® , with aqueous ammonia containing*a little alcohol. The 
liquid, if neutralised with nitric acid while still hot, yields, on cooling, a fine, irregu- 
larly laminated crystalline mass of phenyl-phthalamic acid. The acid is very sliglidy 
soluble in cold water, but dissolves easily in alcohol. When fused with potasli at a 
gentle heat, it gives off aniline. When saturated with ammonia, it gives a white precipi- 
tate with nitrate of silver. (Laurent and Oerhardt, Ann. Ch. Phys. [3‘Jxxiv. 188.) 

PHTBAlbAimUS. OTT^NO®. — A base produced, together with naphthylamine, 
by the action of ferrous acetate on nitronaplithalene. The two bases may be scparati d 
by treating the crude product with sulphuric acid, the sulphate of phtlmkminc 
2C*H®N0-.H'^S0\2H®0, being more soluble than the naphthylamino salt. * 

Phthalamine is precipitated from the solution of its sulphate by ammonia in oily 
drops, which are heavier than water and taste like naphthylamine; its salts do not 
redden so easily on exposure to the air as those of the latter. The base heated to 100° 
with iodide of ethyl, solidifies in a few minutes to a lamhiar mass of iodide of 
ethyl-phthalamin c, C*‘1P(C“IP)N0-I(?), which when treated with ammonia 
yields an oily base, altt^ring on exposure to the air, and volatilising at about 300°. 
(Schiitzenbergor and Willm, J. pr. Cliem. Ixxiv. 76.) 

PBTBAXiZC ACZX>. 1 0®. Alizaric acid, NapJitkalic acid 

(Laurent, Ann. Ch. Phys. [2] Ixi. 113; Marignac, Ann. Ch. Pharrn. xlii. 215; 
Schunck, ibid. Ixvi. 197 ; Wolff and Struck er, ibid. Ixxv. 12, 25 ; IT ugo Miillrr, 
Epistolary commmiication .) — An acud j»roduced by the action of nitric acid on luipli- 
thalene, dichloride of naphthalene, alizarin, and purpurin : 


CioHs 

Naph- 

thalene. 


0“ 

= em'o* 

Phthalic 

acid. 

-H 

C®H®0«. 

Oxalic 

acid. 

CioHW 

Alizarin . 

+ 

H®0 + 0* 

* C»H«0< 

+ 

C®H®0\ 

2C»H«0® 


n-’o + 0* 

= 2C®I1«0^ 

+ 

c®n®o^ 


Purpurin, 

It is usually prepared by treating dichloride of naphthalene wit h boiling nitric acid. 
The dichloride dissolves slowly with evolution of nitrous vapouns, and the solution, 
when loft to itself, deposits crystaln of phtlialic acid, which may bo purified by re- 
crystallisation from boiling water. The mother-liquor contains oxalic acid. Small 
quantities of phthalic acid are found in the mother-liquors obtained in preparing the 
niti*o-derivatives of naphthalene. 

Phthalic acid may also be prepared by digesting muujistin (a body closely relatcnl 
to alizarin and purpurin, iii. 1061) with moderately strong nitric acid. Tho resulting 
solution evaporated over the water-bath leaves a white crystalline mass, cejnsistiug of 
phthalic acid contaminated only with a little oxalic acid. The latter is easily removnl 
by washing the mass with cold water and pnvssing between bil)ulous paper, or l>y neu- 
tralising the mixture of tho two acids with lirno, and then treating it wuth boiling 
water, which dissolves the plithalate of calcium. (Stenhouse, Ann. Ch. PLanii. 
exxx. 334.) 

Phthalic acid crystallises in white nacreous laminae arranged in rounded groups. It; 
is sparingly soluble in cold water, but dissolves easily in alcohol and ether. By distilla- 
tion it is converted into phthalic anhydride; this process is recommended by Stenhouso 
for the purification of tho acid. When distilled with excess of lime (or any caustic 
alkali) ft is resolved into benzene and a carbonate (Marignac, Schunck) : 

C«H«0* -H 2Ca"0 == C«H« + 2CCa''0»; 

but by distillation with a smaller proportion of lime, it is converted into carbonate and 
benzoate of calcium : 

2C®H«0* -h 3Ca"0 « C**n*®Ca"0* + 2CCa"0» + H®0, 

or 

2C*H<Ca"0* + Ca"H®0» = C*«H‘«Ca"0* '+ 2CCa''0». 

This latter reaction is used by P. and E. Depouilly (Bidl. Soc. Chim. 1864, i. 163) 
for the industrial preparation of benzoic acid (to be employed in the manufacture of 
certain aniline colours). The phthalic acid required for the purpose is obtained by 
treating dichloride of naphthalene with hydrochloric acid and chlorate of potasHium. 

Phthalates. Phthalic acid is dibasic, forming acid salts, C®H*MO*, and neutral 
salts, C®H*M®0*. 
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The usuaUy czystollises in prisms terminated by 

four- or eight-sided pyramids, frequently also in hexagonal plates: The erystaU belong 
to the trimetric system. Observed combination oP . P Anirlo oP • P - 112 °- 

P:P = 133O60':oP : f« = 1270; !*«, : f „ = wV CWg; LfpiiJ^lei 
tool. It 18 very ^luble in TOter maringly soluble in alcohol, and is resolved by 
heat into water and phthahnude. lho^#«,<(si 2 ««- and sodium-ealis crystallise in vei4 
eoluble scales. •' ■' 

The harium-mlt ci^^stallises in slightly soluble scales, which may bo <.>btained by 
pouring a strong solution ot the ammonium-salt into chloride of barium. The calciuiL 
saltj obtained by dissolving calcic carbonate in the aqueous acid, resembles the barium* 
salt. Its decomposition by heat has been already described. 

The obtained in white scales on mixing the boiling solutions 

of acetate of leiid and plUhalate of ammonium. 

The «Wsn/<, (l"Il'Ag’'0*, obtained in like manner by precipitation from boiling 
solutions, IS a white er^ stiiiline prccipit.ate which requires prolonged wasliiug, as it 
obstinately retains nitrate of ammonium. It is moderately solulile in water. It ex- 
plodes wlien quickly ln'ated, but if the heat be cautiously apidied, the salt blackens, 
tJieii melts and dccom post's. 

Tht' zinc-salt is obtained by evaporation as a crystalline powder nearly insoluble in 
cold water. 


SiihsUtiition-derivativcs of Phtkalic acid. 

Phtliabc acid resists in a nunarkable degree the action of clilorinc, bromine, sulphuric 
anhydride, and nitric acid, and it is only with great dilliculty that substitutioii-com- 
pouiuis can be obtained. 

Bromoplitliallc acid. Ilromino heated with phtimlic acid in a chased tube, does 
nut seem to act upon it, but if wabtris present and the temperature is raised to about 
170'^, bromopbthalic acid is formed. Tlii.s aeid crystallises readily in foliated crystals 
wliich are soluble in water, and sublime when heated, after fusion, without decomposi- 
tion. 'Phe .silver-salt is a crystalline precipitate sonicM’hat soluble in water. 

JJromophthalic aeid is remarkably stable, and can be boih;d with water without 
deeompo.sition. Tluj bromine cannot be removed by the action of fiolash or of silver- 
salts, in which respect, bromoplitlialic acid comports itsilf very differently from tho 
analogous compound bromosuecinic acid. (11 u g o iVl ii 1 1 e r.) 

diloropbtliallo acids. (Chlorine in the free stati', or in the form of antimonic 
chloride, has no action on phthalic a-cid, tho only known cliloriaated derivatives of 
this aeid being those which arc obtained indirectly by the action of nitric acid on the 
ehloronaphthaleues. 

Dicklnrojjht/ialic acid^ C*H‘CI®0, was once obtained (together with another 
acid, probably di- or tri-ehloronapthalic acid) in the preparation of chloroxynapbtlmlic 
(ehloroiiaphthcalic) aeid (p. 14). On saturating tlu* boiling aleoliolic solution with 
potash, the potassium -salt separat'd in silvery lamime, having when dried at 100°, tho 
composition C^IPCT'lv-Oh (Wolff and Strocker, Ann. Ch. Pharm. Ixxv. IG.) 

Trichlorophthalic acid, C'*IPCPO^ — ^When liexchloronaphthaleno is boiled for 
fievi ral days with nitric acid and the product is mixed with water, a resinous mass 
separates out, and the solution yields on evaporation, a crystalline magma of triehloro- 
phthalic acid, which after repeated piressure betwinm blotting pmper and reerystallisa- 
tioii from boiling water, is obtained in crystalline grains. It is very soIul»Ie in water, 
ulcoliol and ether. When heated, it is resolved into water and trichloroplithalic 
anhydride, C‘‘nCPO'*. The ammonium-salt forms a white precipitate with sails of 
silver. (Laurent.) 

Xritroplitliallo acid, C®H®NO® = C"IP(NO''')Oh--This acid is best prepared by 
th(i prolonged action of nitric acid upon naphthalene. It is contained in the mother- 
liquors from whit;h the nitronaphtlialenes (p. 15) have been deposited, and may bo 
separated therefrom by evaporating tho liquid to a syrup, dissolving the residue in 
Water, lilteriug, and again evaporating. The last motlier-liquors also contain phthalic 
*eid (Laurent, Marignac). — Nitruphthalic acid is also formed, togi'tlier witli other 
products, when phthalic acid is treated with pure nitric acid, or with a mixture, of 
iJitric and sulphuric acids. (Hugo Mill ler.) 

Nitrophthalic acid crystallises in ydlow plates, derived from a monoclinic prism, but 
ordinarily rendered hexagonal by the truncation of the aeuto angles of the rhombus. 
Angle oP ; odP - 104°; odP : ooP = about 125°; oP : 

tin* crystals are hemitropic. The acid is -moderately soluble in boiling water, sparingly 
Soluble ill cold water, easily in alcohol and ether.. When slightly heated in a- tube it 
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yields a sublimate of nitrophthalic anhydride, together with water; when suddenly 
heated, it clears and ^ves off nitrous vapours. ^ 

Nitrophthalic acid is dibasic, forming acid and neutral salts. 

The (wid arntnonium-salt, C*HXNH*XN0*)0«.2H'^0, is deposited on pouring a 
small quantity of nitric acid into the solution of the neutral salt, sometimes in prisms 
with pyramidal summits, but more often in hexagonal and rhomboidal plates. It docs 
not give off any water at 120<^, but when heated till it begins to melt, it gives off 
water and is converted into nitrophthalimide (p. 632). 

Neutral ammonium’Sedt, C"H*(NH*)*(N0*)0*. — When an ammoniacal solution of 
nitrophthalic acid is left to evaporate, it deposits chiefly shining lamin® of the acid 
salt ; but among these are sometimes found thicker but smaller crystals of the neutral 
salt, which may bo picked out with a pair of forceps. This salt crystaUisos in monoclinic 
prisms usually having their obtuse edges truncated. Angle oP : ooP =s 103 °. 
ooP : ooP « about 127°. 

The solution of the neutral ammonium-salt forms with solution of barium-chloride 
even when very dilute and boiling, a white crystalline precipitate; with the chlorides of 
strontium and calcium, white precipitates, not however from dilute solutions; with mer- 
curous nitrate, nitrate of silver and nitrate of lead, white precipitates. It does not 
precipitate sulphate of magnesium, ferrous sulphate or cupi’ic sulphate. 

The barium-salt, C“Il^Jla"(N02)()^, is a light yellowish-white powder, anhydrous 
after drying at 130°. It is quite insoluble even in excess of boiling nitrophthalic 
acid. 

The neutral lead-salt has not been obtained. On pouring acetate of lead into a solu- 
tion of the ammonium-salt, a flocculent precipitate is formed which changes on boiling 
to a yellowish powder, insoluble in water, and consisting of a basic salt 
C*H»Pb"(N02)0^.Pb"0. 

The silver-salt, C®H*Ag*(N0-)0^, is a white precipitate, insoluble in water, and 
decomposing quickly, with emission of light, wlien strongly heated. 

Binitrophthalic acid, C®IP(N0*)*0'‘. — ^Whoir'phtlialic acid is treated with pun^ 
nitric acid, or with a mixture of nitric and sulpliuric acids, a variable quantity of 
nitrophthalic acid is obtained, whilst some of the phtlialic acid remains unaltered, and 
another portion is converted into a mixture of several now acids, one of which is 
the dinitropbtbalic acid. This latter acid, together with the other new acids, is also 
obtained by the prolonged action of nitric acid on naphthalene and the chlorinated 
naphthalene. (Hugo Muller, Zeitschr. Ch. Pharm. 1863, p. 257.) 

Amldoplitbalic acid, C"H®(Nn*)0*. — ^Thia substance is prepared by the action 
of sulphydrate of ammonium on nitrophthalic acid, or more readily by the action of 
metallic iron and acetic acid on the latter acid. On bringing in contact a concentrated 
solution of nitrophthalic acid with iron and acetic acid, reaction soon sots in with 
elevation of temperature. The mass is to be kept for some time in a warm place, and 
after all action has ceased, the brown powder formed is separated as completely as 
possible from the metallic iron, and exposed for some time in a moist state to the action 
of air, in order to prevent ferrous oxide from entering into solution on the subsequent 
treatment with caustic ammonia. The resulting product is exhausted with warm 
ammonia, and the filtered solution is evaporated and exposed for some time to the heat 
of the watcr-batli. The amidophthalic acid cannot be precipitated from its ammoniacal 
solution by the addition of an acid; it is best to expel the ammonia by heat. On 
treating the remaining mass with water, part dissolves, which is to be again evaponited 
and exposed to heat. The insoluble dirty-yellow residue consists of impure arnido- 
phthalic acid, which is best dissolved in water or alcohol, and then treated with animal 
charcoal. On cooling, the amidophthalic acid crystallises out in the form of lemon- 
yellow fibrous crystals having a silky lustre. 

Amidophthalic acid is very little soluble in water or alcohol at ordinary tempem- 
tures, but more so at an elevated temperature, forming greenish-yellow solutions which 
exhibit a most remarkable green fluorescence very much like that of uranium-salts. 
(See Amidoterephthatic Acid under Terrphtilllic Acid.) 

Amidophthalic acid combines with acids and with alkalis. The hydrochloric acid 
compound forms colourless foliated crystals which in contact with water or moist air 
become yellow by losing their acid. The compound with sulphuric acid resembles 
the former. 

On boiling for some time a solution of amidophthalic acid with hydrochloric or sut- 
phuric add, a new acid is formed, which is colourless, ciystallises well, possesses a 
sweet taste and is readily sCluble in water and alcohol. This new acid appears to bo 
isomeric with the yellow amidophthalic acid. On treating nitrophttialic acid with zinc 
or tin and hydrochloric acid, no yellow amidophthalic acid is obtained, apparently 
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becaiwe the hjrdpochloric acid present converts it, as soon as it is formed, into the soluble 
modification just mentioned. ’ wnuoio 

Amidophthalic acid shows a pocuUar deportment to caustic alkalis. Cmtstic rmtash 
dissolve the acid with facility to a pale yellow liquid which on evaporation yields a 
crystalline mass very soluble m water. Addition of an acid to this solution Lwever 
dots not precipitate the aniidophtlialic acid, as might be expected from its deOTecof 
solubility, but It wiQ do so on mixing with sal-ammoniac and evaporating to dryness 
dis^lyes amidophthalic acid with difficulty; the solution behaves like the; 
potash-solution but deposits the acid ajrain on evaporation. 

On passing a current of nitrous acid into an ale<jliolic solution of amidophthalic acid 
nitrogen is evolved and a granular brownish-rod precipitate i.s formed, which is the 
analogue ol (jriesss diazobenzo-amidobenzoic acid (p. 292). 

Azopbtballc acid, C“1P^^0^— On treating a solution of nitrophthalic acid with 
fiodmm-amalgarn, no hydrogen is given oft; Iml. the solution gradually turns yellow and 
brown. The product of this re-aetion i.s to be saturated with tieetic acid, which separates 
some resinous matter. On addition of hydroeliloric acid, a yellow crystalline precipitate 
is formed, which after purification forms azophthalic acid. This acid is of an orange 
colour, and crystallises from dilut e aqueous or alcoholic solution in well developed but 
small crystals of a deep orangi' colour. It dissolves very slightly in cold water, more 
so in alcoliol, (‘Sp<icially when w'arrn. 

The azophtlialates are all coloured either yellow or orange. 

The potassium-sat t crysl.alhses well and is very sohihlo in water. 

Tlie ammofiium-salt resembles the former ; it docs not lose ammonia on being kept 
in a warm jilace for some time. 


The harium-saUia a yellow crystalline precipitate. 

Azophthalic acid appears not to form an etlicr on passing hydrochloric acid into its 
alcoholic solution. 

This acid is the analogue of the azobenzoie acid which >Strecker(Ann. Ch. Pharm. 
exxi.\. 129) obt jiined l)y the action of sodium-amalgam on a solution of iiitrobenzoate 
of sodium. (TT ugo Miiller.) 


Azoxypbttiallc acid. When an alcoholic solution of nitrophthalic acid is heated 
for some time with an alcoliolic solution of potash, the mixture turns brown, and if 
treated in the way just mentioned under azophthalic acid, yii'lds azoxyphthalic acid. 
'J'liis acid rcsernble.s the former, but has more of a hmion-yellow colour. It forms 
smidl prismatic crystals, and yields crystalline salts with most metals. (Hugo 
Muller.) 

PHTKAXiXC dA.14rRY!DllX!DXi. C*H^O*. VJithalide, Pifroalharic acid, — Obtained 
by distilling plitlialic acid. Sublimes in fine elastic needles, the transverse section of 
which is a rhombus of 52° and 128°. It dissolves slightly in cold water, more easily in 
hoihng water, reproducing phthalic acid. It is very soluble in alcoliol and ether, melts 
at 105°, and crystallises in a fibrous mass on cooling. It dissolves completely in 
aqueous ammonia, with considerable rise of temperature, and the solution yiidds on 
evaporation a mass of slender flexible needles, apparently consisting of phthaiamic acid 
or j’lithalainale of amnionium. 

TricMorojjhthMic anhi^dride, C^HCPO®, is produced by distilling tricblorophthalic 
acid. It is colourless and crystallises in needles from fusion. It unites with ammonia, 
forming a salt which gives a white precipitate with nitrate of silver. 

Nitrophthalic anhydride., C®H^(N02)0*, is obtained, by subliming nitrophthalic acid 
at a gentle heat, in long white needles whose transverse section is a rhombus of 52° 
and 1 28°. It is very little soluble in water. (L a ii r e n t, M a r i g n a c.) 

PRTKikXiXC UTKISRS. The ethyl-, amyl- and phenyl-etliers, C»ir'( 0=115)^0-*, 
&c., are heavy oily liquids produced by the action of the corresponding alcohols on 
chloride of phthalyl (II. Mil 11 or). The ethylic ether is also produced by boiling the 
acid or an hydride with alcoliol. (Laurent.) 

PKTBiLX«XX>B. Syn. with Phthalic Anhydride. 

PBTKAUDnrB. C^H^N = (D usart, Ann. Ch. Phys. xlv. 335.)— 

Abase produced by the action of sulphydric acid on nitrophtlialone (p. 112), in tho 
presence of alcohol and ammonia. A mixture of an alcoholic solution qf nitrophtlialene 
aud sulphide of ammonium is heated to 60° for several hours in the wat(T-bath ; the 
greater part of the al(;oliol is distilled off ; the remainder evaporated almo.st to ilryness 
at a gentle heat ; the residue extracted with dilute hydrochloric acid ; and the filtr^e 
saturated with potash. The precipitate is at first wliite and then redissolves in the 
acid solution with a beautiful blue colour ; on adding an excess of potash, flesh-cx)loured 
fiakes are formed, which gradually becom** denser and dark-coloured. The precipitate is 
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washed on a filter with water, until tho filtrate no longer exhibits an alkaline reaction* 
it then becomes crystalline. * 

Phthalidine crystallises from its aqueous solution after the lapse of a few days in 
beautiful needles. When melted and cooled, it forms a crystalline mass of the colour of 
realgar. It melts at about 22°, and when it solidifies, the thermometer rises to 34 50 
It sm(dls like naphthalene, and tastes unpleasantly pungent. Its solutions do not 
restore the blue colour to red litmus, but its vapour (at what temperature ?) turns it 
immediately blue. Very small quantities of phthalidine impart a beautiful blue colour 
to solutions of ferric salts. It is moderately soluble in cold water ^ and dissolves in all 
proportions in warm alcohol and ether. 

Phthalidine begins to boil at 255°, but tho thermometer rises very rapidly, while 
decomposition takes place, and a carbonaceous residue remains behind. It is converted 
into a yellowish-white mass by chlorinc-water. It reduces nitrate of silver^ the solu- 
tion depositing very brilliant crystals. The aqueous solution produces a ^ey precipi- 
tate with mermrons aalts, and a yellow precipitate with ferrous salts. It blackens on 
addition of chloride of gold, A solution of hydrochlorate of phthalidine is rapidly 
decomposed by tetrachloride of assuming a green colour, and depositing lihio 

flakes which blacken on diyiiig; a warm saturated .solution of the salt forms withtc-tra- 
chloride of platinum beautiful yellow crystals which partially decompose on drying. 

Tho salts of phthalidine are soluble in water and in alcohol. 

Hydrocldorate^ CTPN.ITCl. — A warm alcoholic solution of the base saturated with 
hydrochloric acid immediately becomes filled with violet-blue crystals. 

Tho nitrate, C®H'*N.TINO*, is formed in a similar manner. 

Sulphate, 2C"IPN.TT’'SO*. — Sulphuric acid unites directly with phthalidirie and 
forms a dark green mass, which attracts moisture from tho air and becomes bhu*. Tlie 
crystallised salt is obtained by double decomposition, or by mixing the alcoholic solution 
of the base with sulphuric acid. It dissolves much less readily in alcohol than the 
other salts. 

Ethyl-phthalidinc, « C®H’’(C‘H®)N, is a liquid having tho odour of 

phthalidine, and distilling without decomposition. The hgdriodate, C“dI‘*N.lll, forms 
silvery flakes which give off iodine at 100° and turn yellow. The hydrochlorate is very 
similar. (Dusart.) 

PBTBAXiXMXBB. C®H»NO* = (Laurent, Ann. Ch. Phys. 

[2] Ixi. 121 ; [3] xxiii. 119.) — This compound, isomeric with isatin, is formed by heating 
acid phthalate or phthalamate of ammonium: 

C«H®(NH^)0< =» C»H*NO* + 2JPO, 

Acid phthalate. 

C«H‘’(NH*)NO» == C*H»NO* + H*0 + Nil*. 

Ththalamate. 

It is colourless; crystallises from ether by spontaneous evaporation in six-sided prisms 
derived from a rhombo'idal prism with angles of 113°. It melts when heated, and 
solidifies in a striated mass on cooling ; at a stronger heat it boils and sublimes in very 
light flakes. It is inodorous and tasteless. It is insoluble in cold water, and sliglitly 
soluble in hot water; easily soluble in boiling alcohol and ether. It is not attacked by 
chhjrine or by weak or diluted acids. It dissolves in strong sulphuric ac?rfwhen heated, 
and if water is added to the solution, .phthalic acid separates out on cooling. Boiled 
with an alcoholic solution of potash, it evolves ammonia, and forms phthalate of potjis- 
sium. 

Silver-phthalimide, C"H*NAgO* — A boiling alcoholic solution of phthalimide does 
not precipitate nitrate of silver, but on addition of ammonia it deposits a pulverulent 
precipitate or crystalline spangles, which dissolve in hot ammonia and crystallise out 
unchanged. The solution of the silver-.salt in ammonia and a little hot water depo.'iits 
needles which appear to consist of phthalamate of ammonium. When heated, it 
melts, swells up and forms a black mass, wliich at a higher temperature assumes a 
fine green colour, with golden lustre, like the wings of cantharides, phthalimide sub- 
liming at the same time. (Gerhard t, Traite, Hi. 488.) 

Phenyl-phthalimide, C'*H*NO» =. On melting phthalic acid 

with aniline, and treating the cold pulverised mass with boiling alcohol, phenyl- 
phthalimide remains as a ciystalline powder, which may bo purified by sublimation 
and recrystallisation from boiling alcohol. It forms beautiful colourless needle^in* 
soluble in water, melts at 203°, and begins to sublime in needles before fusion. With 
melting potash it yields aniline and phthalate of potassium. Boiling aqueous ammonia 
^OOnrerts it into phenyl-phthalamic acid. 
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mtrophthalimide, C«H*N‘0* = is produced by heating 

nltj-ophthalate of ammonium. 


(CTPO*)"Cl* (IT.Muller,Zeitschr.Ch.Pharm. 
1863 p. 257.)~Plithalic acid or anliydrido is readily acted upon by pentaeldoride of 
phospboms, with evolution of liydrocldoric acid and phosphoric oxychloride. The 
product IS a of peculiar odour, resembling chloride of bmizoyl. It 

.lii^tils at about 270 without decomposition, and does not solidify on cooling. It sinks 
in water, but soon becomes conviTted into phtlialie acid. If kept in imperfectly closed 
vessels, it gradually deposits large crystals of phthalic anhydride. It acts with eiierev 
on the alcohols, forming the corresponding ethers (p. 631). ^ 

Chloride of Nitrophthalyl m prepared like tlio preceding, ami resembles it in its 
properties, but cannot bo distilled without decomposition. 


pHTHAXrZTS. {Kirsdschiefer.) A flinty fissile variety of granular quartz having 
a grey, black, or greenish colour. ® 

PHYCZC ACZD. (La my, Ann. Gli. Phys. [3], xxxv. 129.)—An acid contained, 
together with pliycite, in Protococcus vidtjaris. It is extract od by ah'oliol, and seiiarates 
th.avfrom by slow evaporation in bulky stellate groups of needle-shaped crystals, 
colourless, somewhat unctuous to the touch, tasteless, inodorous, and permanent in tlio 
air. Specific gravity == 0-896. It melts at 136^^ solidifying to a silky cryst.allino 
muss on cooling; begins to boil at 150'^, gradually decomposing and exhaling a char- 
iicleristic odour. Ijy distillation it yields oily products, insoluble in water, very soluble 
ill aleoliol. Tlie acid is insoluble in water, luit dis.solYes, especially wIkmi aided by 
heat, in alcohol, c.fhvr, acetone, and oils hot li fat and volatile : 1 pt. of it dissolves in 15 
pts. of boiling absolute alcobol. Tlio alcoholic solution is neutral. 

Phycic acid givi^s liy analysis ()9-8~70-S per cent, carbon, 11-7~12’() hydrogen, and 
3 7 - 3-8 nitrogen, besides oxygen ; no formula bas been jiroposial for it. 

Phycic acid dissolves in strong sulphuric acid, and is rcju-ecipitatedby M^al.cr. Nitric 
odd attacks it slowly, forming a light very acrid oil and a crystal li sable acid. It is 
not attacked by dry chlorine even in siinsbim?. Iodine and act upon it only 

lit high tempieraturcs. It is (h'com posed by healing with yielding hj’dro- 

cyaiiic acid, together witli other products. When lieated with soda-lime, it gives off 
ammoiiiu. 

AiJirnonia has no action on phycic acid. Potash and soda dissolve it, forming salts 
wliich crystallise in needles, aro nmitral to test-papers, and dissolve in water and 
idcehol, forming solutions which froth like soap-water. Most of the other salts of 
phycic acid arc insoluble. The silver-salt is white, and blackens on exposure to light. 

PHYCXTE. C'‘TI'®0'. Syn. with PhtYTiiuoMANNiTi? (ii. 504). 

The term phycite has lately been extended by Carius (Ann. Ch. Pharm. cxxxiv. 71) 

to the scries of tetratomic alcohols ^ ll< homologous with natural phycite. 

He bus obtained, by an artificial pjroccss, a 3-carhon alcohol, having the composition 
^ prepared several of its derivatives; but whether this alcohol is rt^ally 

homologous in constitution with native phycite, cannot be determined till tlie 1-carboii 
compound C‘n'"0^ has also bemi obtained liy a corresponding process, and its pi-oficr- 
ties and reactions compared with those of natural phycite (see TniTYL-nHYca iE). 

PKYCOCYAXr and PHYCOBaYTHRIW. These names arc applied by 
Hiitziiig to a blue ami red colouring Tnattcr, apparently of the sfime composition, 
existing in several red sea-weeds. (TTandw. d. Cliem. vi. 495.) 

PHYCOHAmSATZBr. A red colouring matter, obtained by Kiitzing from 
lll/ti'plaa tinctoria. It is extracted from the fresh a)ga by maceration in cold wat(<r, 
and separates in flocks on evaporating the solution and adding alcohol. It is insoluble 
in ether and in oils. The colour is dc.stroy'cd by exposure to siiii-Jight, .so that old 
specimens of the alga aro often destitute of colouring matter. (Ilandw. loc. cit.) 

PRYUZUr OEAUrCS. A mineral from Deutsch-Pilseii in Hungary, containing, 
ficcordiug to Plattner, sulphur, antimony, tellurium, lead, and gold. 

PRYZiXiZTE. A mineral from Sterling, Massachusetts, re.sembling ottrehto 
(p. 248), and containing 38-40 per cent, silica, 23-68 alumina, 17'52 ferric oxide, 8-96 
*«agno8ia, 6*80 potash, and 4 80 water, a composition which may be represented by the 
formula (Mg";K'‘')SiO*.(Ar‘;Fe®)SiO*.H20 {Pammelsherf s Mincralchemie, p. 866). 

PRYXiZ.OCBXiOR. Syn. with Chlokophydi,. 

PHYUOCYARZW and PHYI.liOXAirrHZW. Those names aro applied by 
J'r^my to a blue and a yellow substance, of which he supposes chlorophyll to bo 
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composed. He 8ei)arate8 them by agitating chlorophyll with a mixture of etlior and 
hydrochloric acid, the yellow substance then dissolving in the ether, and the bln** 
the hydrochloric acid (Fremy, Compt. rend. 1. 406; Jahresb. 1860, p. 633). Accordiur! 
to H. Ludwig, also (Arch. Pharm. [^2] cvi. 164; Jahrosb. 1861, p. 738), when dilo- 
rophyll (from young wheat-leaves) is boiled with strong alcoholic potash, and tho 
solution is neutralised with hydrochloric acid, a yellow precipitate is formed, togcthf r 
with a splendid blue liquid, which leaves phyllocyanin, on slow evaporation, as a dark 
blue mass. Stokes, on the other hand, concludes, from the fluorescent and absorbpnt 
properties of chlorophyll, that it docs not contain a blue substance, and that Fr^my’s 
phyllocyanin is a product of the decomposition of chlorophyll by acids. (Chem. Soc J 
xvii. 314.) 

PBTXiXiORSTXXr. A fossil resin found, together with tekoretin, in the fossil 
wood of Denmark. It melts at 86^ — to 87^, dissolves easily in alcohol, and appears to 
have the composition (Forebammer, J. pr. Chem. xx. 469.) 

PHTXiXiOXikXrTRfiXR. A yellow substance, produced, according to Fr^my 
cit.\ by the action of bases on chlorophyll, or on phyllocyanin. It is roconvertod 
into phyllocyanin by the action of acids. * 

PRYXiXiOXAIl’TBXir, The yellow subst-ance pre-existing in chlorophyll. TJie 
mode of separating it from the blue constituent by the action of ether and liydii). 
chloric acid, or alcoholic potash and hydrochloric acid, has already been mentioned. 
It may also be obtained by adding hydrate of aluminium to an alcoholic solution of 
chlorophyll diluted witli a considerable quantity of water. The whole of the colouring 
matter is then precipitated as a yellowish-green alumina-lake, from which the phyllo- 
xanthin may be extracted by sulphide of carbon, leaving the lake of a more bluish- 
green colour. (Fremy.) 

PRPSikXinr. (Dessaignos and Chautard, .1. Pharm. [3] xxi. 24) 

The bitter principle of the winter cherry (Phymlis alkckmyi), a solanaceons plant 
growing in the south of Europe, sometimes used as a substitute for quinine iu tho 
treatment of intermittent fevers. 

It is prepared by briskly agitating the aqueous extract of tho loaves with chloroform, 
which deposits it after long standing; and is purified by dissolving it in hot alcohol, 
with addition of a little charcoal, precipitating the filtered liquid with water, ami 
washing the precipitate with cold water on a filter. 

Pliysalin is a light perfectly amorphous powder, having a yellowish colour and a 
bitter taste, slight at first, but afterwards stwng amd persistent. When dry, ithecom. s 
strongly electric by friction. It is very slightly soluldo in cold water and in etlu r, 
somewhat more in boiling water, easily in chloroform and in alcohol, especially tlio 
latter. When heated, it softens at about 180°, and decomposes at a higher temperature. 
It is but slightly soluble in acids, moderately soluble in ammonia, but tbe alkali is all 
driven off on evaporation. Tho alcoholic solution does not precipitate ammoniacal 
nitrate of silver, but gives a white precipitate with acetate of lead and ammonia. 

PBTSA.1^ZTS or Pi/rnphy.salite. A coarse nearly opaque variety of topaz, found 
in yellowish-white crystals, which intume.sce when heatt'd : hence its name (from 
<l>v<r(lp€iv, to blow). It occurs in crystals of great size at Fossum in Norway; at Finbo, 
Sweden, in a granite quarry, and at Braddbo, in a boulder ; one crystal from the last 
locality, at Stockholm, weighs eighty pounds. 

FBTSBTOXiSZC RCZO, A fatty acid discovered by Hofstiidter 

(Ann. Ch. Pharm. xci. 177) in sperm oil; isomeric if not identical with hypogteic acid, 
obtained from the oil of Arachis hypog<Ba (iii. 238). 

To prepare it, tho soap obtained by boiling the oil with potash-ley is dissolved in 
boiling alcohol ; and the filtrate, after being freed from alcohol by distillation, is 
diluted with water, and reprecipitated by ammoniacal sugar-of-lead. The pre- 
cipitate, washed by decantation and dried in the air, is drenched with ether, which 
dissolves physetoleate of lead and undecomposed spermaceti, leaving undissolvcd the 
lead-salts of the solid fatty acids. The solution is separated ; part of the ether is 
distilled off; the residue decomposed by hydrochloric acid ; the ethereal solution m 
mixed with ammonia and chloride of barium ; the precipitate is collected, washed, and 
dried in a vacuum ; and the ethal and spermaceti are removed from it by cold ether. 
On repeatedly boiling the undissolvcd physetoleate of barium with alcohol of 93 per 
cent., and cooling the resulting solutions separately, the portion taken up is deposited 
as a white powder, which must be collected out of contact with the air, washed witn 
alcphql, and immediately dried in a vacuum. It may be obtained pure by recrystalns* 
ing it twice more in the same way, and decomposed by boiling with aqueous tarUrio 
acid. 
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c^stallisos in stellate ^upa of colourless needles ; it is inodorous, 
iliaines at 28° (hypogjeic acid from earth-nut oil melts at 34° or 36°). 
combinations it exactly resembles hypogaeic acid. 

pBTSOBZXar. (aerdin 

gtaiice occurring in Parrnelia ccratophi/llu, 

To obtain it, the liclum air-dried and cut 
days ; the ether is evaporated ; and tho 

jt with alcohol, and repeated crystullisatiun irom aosoiuio aicoiiol 

It forms a white loosely coherent mass, appearing when nnigiiifiod 120 tim(‘8 to 
consist of four-sided truncated prisms. It melts at 125°. Dried at 100°, it gives l>y 
analysis (mean) 4975 per cent, carbon and 4*63 hydrogen, the formula requiring 5070 
carbon, 4-28 hydrogen, and 46-()7 oxygen. 

Physodin behaves to water like a resin, not being wetted thereby. It dissolves in 
alcohol of 80 per cent., but is insoluble in absolute alcohol, in ether, and in acetic acid. 
It is not altered by dilute acids. It di.ssolves easily in warm aqueous aimiionia, form- 
ing a yellow solution which becomes reddish on exposure to the air. In carhonaie of 
ammonia it dissolves slightly at ordinary temperatures, easily on boiling; in }wtash 
iiishmtly with yellow colour. Acids precipitate from these solutions light yellow or 
ivddish flocks ; tho potash-solution yields a dingy-yellow precipittite with chloride of 
hariitm. The alcoholic solution is not precipitated by chloride of barium, but yields 
with acetate of Lead a pale yellow pecipitate soluble in potash ; with cupric sulphate 
a pule green ; and with nitrate of silver a brown-red precipitate. 

Addendum. Cerat op hy llin{Q. He ss c, Ann. Ch. Pharm. cxix. 365). — This substance 
occurs, together with physodin, in ParmeUa ceratophylla, var. physodes. To prepare it, 
about 3 lbs. of the lichen, after being waslujd with water, is stirred up with clear lime- 
Witor ; the alkaline solution is noiitrjilised w’ith hydrocliloric acid; and the resulting 
jdlowish-grey flocculont precipitate is washed stjveral times with cold water to remove 
tlio excess ot acid, then collectcil, dried in tho air, and freed from uncry stallisablo 
!iuitter by digestion with boiling alcohol of 75 per cent. There then remains a dark 
green, soft, elastic mass, probably containing physodin and usuic acid, to remove which, 
the mass is boiled with strong soda-h^y. A dark brown liquid is thus obtaim'd, which, 
on cooling, deposits cerato})liy 11 in nmnixed with either of the substances just mentioned. 
It may be separated frotn t lio mother-liquor by filtration, and purifled by recrystallisa- 
tion from boiling alcohol with the aid of animal charcoal. When tho licluin, without. 
ITCvious washing, is stirred up with thin milk of lime, tho yellowish filtrate does not; 
Yield any precipitate with hydrochloric acid. The precipitate formed as above de- 
Miibed is particularly abundant when tlui lichen has been obtained from birch-stems, 
and tile maceration has not been continued for more than 15 hours. 

Oratophyllin forms thin white prisms, which whmi placed n])on the tongue, produce, at 
lii'st, a slightly irritating taste, soon becoming rather strongly jiercoptible in the throat ; 
jjubscquently a persistent burning sensation is experienced on the tongue, it melts at 
117‘^ to a colourless liquid, and solidifies in the cry.stalliue form between 136° and 138°. 
It begins to sublime even at tlie melting point, and at a somewhat higher temperature 
sublimes very easily and without ultoration, in thin colourless laminm. 

Ceratophyllin appears to be a liigluT homologuo of orseliinate of ethyl, ; 

its molting point is about 15° higher than t.hat of tho latter. 

Ceratophyllin is much more soluble, iii liot water than in cold ; it dissolves readily 
ill alcohol, ether, potash-ley, aqueous ammnda, and lime-water. Tho alcoholic solution, 
^'bich has a neutral reaction, is coloimed purple- violet by .a small quantity of ferric 
chloride, blood-red by solution of chlcride of Him, the latter colour being destroyed by 
excess of tho reagent ; no procipitato with alcoholic sugar-of-lead or nitrate of silver. 
Irom the animoniacal solution hydrochloric acid throws down the ceratophyllin in thin 
prisms. Ceratophyllin dissolves in dilute nitric acid, the solutioii acquiring only a 
slight yellow tint when heated. Strong sulphuric acid dissolves it without alteration 
Ht ordinary temperatures, but chars it when heated. 

PBTSOSTXOASZXCrS. (J. Jobst and 0. Hesse, Ann. Ch. Pharm. cxxix. 115; 
Jahrejib. 1864, p. 454.) — An alkaloid obtained from tlie Calabar bean, the seed of 
^^hysostigma venenosum, a poisonou.s leguminous plant groYving in marshy situations 
Attiirpah and Old Calabar in Upper Guinea. The poisonous power appears to 
reside only in tho cotyledons. By repeatedly exhausting tho shelled beans with boiling 
alcohol of 80 per cent., and evaporating the extract, a yellowish residue is obtaine^ 
vhich dissolves in water with acid reaction, and separation of a small quantity of oil. 
Neutral acetate of lead added to this solution throws down an acid (not precipitable y 
lime-water, chloride of calcium, or nitrate of silver), and the filtrate freed from l«^d by 
s'llphydric acid, yields on evaporation a red ro.sidue, from which absolute alcohol 
®itracts acetate of physoetigmino, leaving gum umlissolved. 


g, N. Br. Arcli. Ixxxvii. 1.) — A neutral sub- 
yar. physodcs (also called Parnuiia physodes). 
in pieces is macerated with ether for several 
residual white powder is purified by washing 


physetoleic acid 
pelts at 30°, and so 
Id its reactions and 
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The base itself is most easily prepared from the extract by saturating its solution in 
a small quantity of cold water with calcined magnesia, evaporating, and treating tho 
still moist residue with ether, as long as that solvent takes up any of the base. Tlio 
ethereal solution is agitated with a few drops of very dilute sulpliuric acid ; the lower 
dark red layer of liquid is again shaken up with magnesia ; the base thus separated is 
dissolved up by ether ; and the solution is left to evaporate. 

Physostigmine thus obtained is a brownish-yellow amorphous mass, sparingly 
soluble in water, moderately soluble in ether, alcoliol, benzene, ammonia, and soda 
From the ethereal solution it is completely precipitated by animal charcoal. Tho 
aqueous solution has a slight burning taste, a distinct alkaline reaction, forms a kernns 
coloured precipitate with iodide of hydrogen and potassium, and precipitates ferric 
hydrate from a solution of the cliloride. 

The solutions of physostigmine in acids have a dark red or more rjirely a dark blue 
colour ; they are more or h'ss decolorised by sulphydric acid, and leave the salts in the 
form of red amorphous masses, easily soluble in water and in alcoliol. They form amor- 
phous precipitates with tnmric acid and with platmic, auric and mercuric chloHdes. Tim 
gold-mit decomposes easily, with separation of the metals. 

Physostigmine is the active principle of the Calabar bean. The solution given in 
«rnall doses to a rabbit produces paralysis in five and deatli in twenty minutes, without 
contraction of the pupils. When dropt into tho eye, bow'ever (even an hour after 
death), it produce.s in ten minutes cimsiderable contraction of the pupil. According to 
Christison, a dose of 0-8 gnn. of the bean prodnc(!S vertigo, and strong paralysis of the 
voluntary muscles without any painful symptoms; according to ITarley, a piece of the 
size of a millet-seod will kill a cat or a rabbit ; according to Robertson, tho hojiii 
produces transient contraction of the Sphincter Iridis and JSlufiCuJu^s aliaris^ uml 
therefore affords an excellent means of counteracting dilatation of the pupil. Tim 
alcoliolic extract of the beans is the most convenient for medical purposes. 

PHYTOCBEnfXSTR'V. Tho Chemistry of Plants. The most comprehonsivo 
treatise on this subj(*ct is that of Roclileder, published at L(‘ipzig in 1854, and given in 
a somewhat abridged form in the eighth volume of Gimdiirs “ llandbueh der Cliomio,’’ 
containing: 1. The proximate principles of plants arranged according to orders niitl 
genera. — 2. The nutrition of plants, and the formal ion ami im‘1amorphos<*s of tln ir 
sev(!ral constituents. See also the urtich.‘S, Ash of Oikjanio Rouiks, Mani uk, jim] 
Nutuition of Plants in this Dictionary; also the st.veral articles describing llu; 
chemical constitution of individual plants. 

PBYTOXaSX.Zlflr OT Vlant-ycUow, A name proposed by W. Stein for rutin, on 
account of its wide diffusion in the vegetable kingdom. (See Rutin.) 

pXAlfZZTE. An earthy resin occurring at Pianze near Neustadt in Carniola, in 
brownish-black ma.sses with yedlowish-brown streak. Hardness = 1-5. Specific 
gravity =* 1‘220. It melts at 316®, and burns with an aromatic odour and nuicli 
smoke, leaving 5*96 per cent, aslu It dissolves in ether and in caustic potash, fnmly 
also in absolute alcohol. When heated in a glass tube, it yields a yellowish oily 
distillate having an acid reaction. (ITai dinger, Pogg. Ann. Ixii, 275.) 

PXCAMAB. One of the products of the distillation of wTjod-tar. It is an oil of 
fipccific gravity ITO, unctuous to the touch, having a faint odour and a burning hitter 
taste. It boils at about 270°, and unites with alkalis, forming crystallisablo com- 
pounds. (Rei ch cnbach.) 

PZCHUBZe ACZD. Syn. with Laukic Acid (iii. 473). 

PXCBUHZXMC-OZXi. Pichuriin-beans, Fabce Pickurirn minorea (from OcoM 
pichurp minor, Martins), yield by distillation with water, a yellow oil, smelling like 
bay and sassafras oil, and having a .sharp burning taste. By distillation with sulphunt 
acid (which prevents the beans from aggregating into a pasty muss, and increases tla 
yield of liquid), Muller (J. pr. Chem. Iviii. 463) obtained a yellowish-green oil; 
liaving the peculiar odour of the beans, slightly soluble in aqueous alcohol, easily sola 
ble in absolute alcohol and in other. By repeated fractional distillation, it may bo rc 
solved into a number of oils of constant boiling point, atz. (1). A colourless mobile oi 
boiling at 160°, and emitting, when rubbed between the fingers, a very pungea' 
odour like that of the leaves of Tetecrium Marum. — (2). A transparent colorless oi 
boiling between 165° and 170°, and smelling like oranges when its vapour mixes will 
the air in small quantity, like turpentine in larger quantity. Both these oils, aw 
drying over chloride of calcium and solid potash, consist essentially of a hydrocarb<)i 
partly alter(?d by oxidation. — (3). A yellowish-green oil boiling between 23ij 
and 240°, smelling like tho beans, more viscid than the preceding, and agreeing ncarl. 
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in TOmpositira with the empirical C“n“'0*._(4). In larger quantity, an oil 

Imiliag between 260 and 265 , and agreeing nearly in composition with the fommlu 
(13 hj 15«0. This oil has a faint odour and deop blue colour permanent in the dark, 
but changing to greenish-yellow under the influence of light or of oxidising agents, 
appearing then to be converted into that last described. 

IHchurim-cam'phoT According to Eonastre, pichurim-oil is resolved by cold 
jjeohol into a sti;ong-sraelling elmopteno and a nearly inodorous camphor or stearoptene 
vhich separates in white shining micaceous lamiii®. According to Mlilh'r the dark 
blue oil above mentioned deposits crystals of laiu-ic acid, which may be extracted in 
lar|];er quantity by means of soda. Eonastre’s camphor perhaps consisted either of 
this acid or of laurostearin. 


pZCBVROSTBiLRZC ACZZI« Syn. with Lauric Acid. 

PZCBBRXBCrZTB. Native magnesia-alum found near Iquiquo in Peru (see 
Sulphates). 


pZCOXiZSrS. C®H’N. Odorine. (Un verdorben, Pogg. Ann. viii. 259 480* xi 
69 .— Anderson, N. Ed. Phil. J. xli, 146, 291 ; Pliil. Mag. .T. [3] xxxiii. 185 ; also 
J.pr. Chem. 45, 166 ; Ed. Phil. Trans, xxi. Pt. 1, 210; Phil. Mag. J. [4] ix. 214; also 
Ed. Phil. Trans, xxi. Pt. 4, 578.— 0. Greville AVilliums, Chem. Soc. Qii. J. vii. 97* 
Cliem. Gaz. xii. 283; Ed. Pliil. Trans, xxi. Pt. 2, 313; Cliureh and Owen, ciiem! 
Kews, ii. 146. — Wertheirn, Ann. Ch. Pharm. Ixx. 62; Chem. Caz. vii. 309.) 

lu 1826, Unverdorben, wliile investigating the fetid oilohf ained in the de.structive dis- 
tillation of bones, discovered several volatile alkaloids. Among tlu'.so was oms di.stin- 
giiished by its overpowering and per.sislmit smell; to this substance ho gave tlie name 
of odorine. The experiments of Unverdorben however, although conducted with re- 
ni.irkable skill and perseverance, did not in any way establish the compo.sition of the 
b()die.s which ho separated, and as no salt was obtained by him free from other homo- 
logues of the same series, we shall not, except in .special cases, quote his results. Most 
of the facts observed by him may be found in Gmelin’s Handhook, xi. 263 ei arq. But, 
in 1846, Ur. Anderson siicetu-ded in isolating a base from coal-naiditlia, wJiicli he 
showed to be isomeric with aniline, lie also showed its n'lations to Uiivenlorbcn’s 
odorine, and gave it the name of pi coline. 8ubsequently he detected the same 
alkaloid in bone-oil, accompanied by numerous homologues, including pyridim?, the 
tirst member of the series. 

Occurrence and Formation,' — 1. In coal-naplitha (Anderson).— 2. In bone-oil 
(iViiderson). — 3. In the tar produced by distilling the bituminous .shah; of llorsotshire 
(Williams).— -4. It is probaldy contained in the ba.sic liquid obtained by Stenhonso 
ill his researches on the products of the destructive di.stillation of beans, &c. — 6. Abase 
possessing the same centesimal conq»osiiion and boiling point is found among the pro- 
ducts of the distillation of cinchonine (William.s).-— 6. In the di.stillate. from peat 
(Church and Owen), The stateuKUit by Wertheirn that jiicolino is yielded by 
piperine when distilled with soda-lirne is erroneou.s. The base obtained in thatmaniKT 
is piperidine, C^il"N. The question of the identity or i.soineri.sm of the tertiary moiia- 
uiines formed during destructive di.stillaliou is one of the greatest difliculfy, and recent 
rcsiiarches have sliown not only that the chinoline and Imieolino serii's are distinct, 
but also that tlie pyridine series, as found in the dhstillale from cinchoniiu?, al.so 
form a distinct class. (See Lutidine, iii. 737.) 

Pnparation . — The preparation of all volatile bases (except pyrrol) from the oily pro- 
ducts of destructive di.stillation, is conducted in nearly the same manner. The oils 
are first to be shaken nj) with sulpduiric acid diluted with about twice its weight of 
water. This treatment with acid may be repeated to ensure the entire removal of the 
last portions of the bases. On standing, the acid solution settles to the bottom of the 
vcfisel and may bo removed by means of a siphon or sepia rator. A very good apiparatus 
for the purpioso consists of a carboy from which the bottom has luv n removed. It is 
to be inverted aiidpdaeed on any convenient sii}»port which will allow of vessel.s being 
placed beneath. A sound bung to which a slopicoek has bemi fitted is then to lio 
tomented to the neck of the caidioy. The mixt ure having bi'en pdaced in iho separator 
the acid liquid is to be drawn off bolow. The next stop^ is to boil in an opien vessel as 
l^ng us pyrrol is given off. This maybe ascertaiued by holding a .‘<lip of fir-wooil, 
*noisteiied with strong hydrochloric acid, in the escapn’ng steam. W lien the wood is 
110 longer reddened the boiling may be stopp>od. If it be desired to save the piyrrol the 
t^peration must bo conducted in a still. As soon as the pyrrol has been <‘xpelled, tho 
%uid is to be strained through calico to remove pitchy and resinous matters. An 
t'xcess of caustic soda is then to be added, and the whole distilled a.s long as the dis- 
hllate contains bases. This may bo ascertained by seeing whether himes are guen 
on the approach of a rod dipped in hydrochloric acid. If the distillate is very 
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weak, it is to be concentrated by a second distillation, before proceedinff to the n if 
operation. The next step is to add a large excess of solid potash to the fiquid, so as t 
render the bases insoluble, and cause them to rise to the surface. This operation mi f 
be performed with care, in order to prevent the temperature rising sufficiently to cau*^ 
a loss of the more volatile constituents. ^ 

The basic oil which rises to the surface after the addition of the solid potash, is to b 
separated from the aqueous liquid, and placed in bottles of moderate size. The mix^ 
ture of bases still contains a large quantity of water, which must bo entirely removed 
before proceeding to the next operation. To effect this, sticks of potash are to bo 
added and the whole allowed to stand a few minutes. The water will soon begin to 
act on the potash, and the solution of hydrate of potassium which sinks to the bottom 
of the bottles is to be removed as fast as it is formed. The most convenient medn of 
doing this is by means of a large pipette furnished with a vulcanised india-rubher 
ball at its upper extremity. The ball is to bo pre.sscd flat in the hand, and the lower 
end of the pipette being immersed in the liquid to be removed, the pressure on tho ball 
is to be lessened; the liquid will then enter the bulb of the pipette and may, after re- 
moval, be expelled by renewing the pre.ssure. After proeetiding as above for about 
half an hour, it will generally be found that the separation of the water will begin to 
take place very slowly. Mon', solid pobish is then to bo added and the whole loft 
at rest for some hours ; tlie removal of the nqiieous port ion is then to bo repoatod. 
It will require a day or two of dige.stion to effectually remove every trace of moisture. 
It will also be found that the more volatile and soluble in water the bases are, the 
more digestion will be required. It must not be forgotten that if aniline and its 
homologues are present, they must be destroyed by boiling with nitric acid before 
attempting tlie dehydration. 

It is absblutely essential to remove every trace of moisture before proceeding to 
fractional distillation. The smallest quantity of water will give rise to the greatest 
errors if it be attempted to separate mixtures by taking advantage of the diffi:pences in 
the boiling points of the substances present. The whole liquid will now require to be 
subjected to a complete and systematic distillation. This ])rocess is exceedingly tedious 
and takes a vast amount of time. A mixture containing six or eight homologous biiscs 
will require thirteen or fourteen complete fractionations, involving nearly a thousiind 
distillations, before anything approaching to complete separation will be effected. For 
full details of the methods of conducting tho operation, the reader is referred to tho 
original memoirs quoted at the head of this article. 

The picoline will be found in the fractions boiling at about 136°. The fractions dis- 
tilling in the twelfth or thirteenth rectifications bet w^eon 130° and 140° will consist of 
almost pure picoline. 

Properties . — Picoline is a colonrle.s8 mobile liquid which docs not freeze at 0*^. It 
has an intensely powerful and characteristic odour, and when inhaled through the nos- 
trils, produces a bitter taste in the mouth and back of throat. It fumes strongly on llio 
approach of a rod dipped in hydrochloric acid. It blues litmus but does not ath^ct llio 
colour of a solution of red cabbage. It does not yield any coloured reaction when 
chloride of lime is added to its aqueous solution, but tho mixture acquires a now ami 
peculiar odour. It boils steadily at about 135° (Anderson). Its specific gravity at 
0° is 0-9613. The density of its vapour was found by experiment to be 3-290. Theory 
requires 3*224. Tho refractive indices of a specimen prepared from peat l)y Mr. 
Church, and having a specific gravity of 0*955, were found by Gladstone and Pale to 
bo for A, 1*4888; D, 1*4980; H, 1-5314, the temperature at the time being 22*6°. 
(Phil. Trans. 1863, p. 317.) 

J)ecompo.^tions. — 1. Tho action of chlorine on picoline varies according to the 
manner in which the experiment is made. When a current of the gas is passed 
through an aqueous solution, absorption takes place, the liquid becomes brown, and a 
peculiar pungent odour is evolved. From the solution potash precipitatt>a a dark 
brown resinous matter. Put if excess of picoline be poured into a bottle of 
chlorine, and tho liquid be distributed over the surface of the bottle, the greater portion 
is converted into a crystallised mass, which, on treatment with water, leaves an amor- 
phous powder of dazzling whiteness. It is insoluble in water but soluble in alcohol. 
It consists of the hydrochlorate of trichloropicoline, C®H^CPN*.HC1 (Ander- 
son). — 2. Bromine-water added to solution of picoline yields a resinous precipitate, 
insoluble in water, but soluble in alcohol and ether. When picoline is thrown into a 
vessel filled with bromine-vapour, tho reaction which ensues is analogous to that intli 
chlorine. — 3. Iodine in presence of water yields hydriodate of picoline mixed 
brown impurity. — 4. Nitric acid does not readily decompose picoline even when boilco , 
no picric acid is formed even after prolonged ebullition. Nitric acid in the cold yief' ^ 
nitrate of picoline (Anderson). — 5. cohobated for some days with pioohnj 

converts it into parapicoline, a new and remarkable base apparently polymeric wit 
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icoliuo itself. Its formula is C®H’N.C'*H’N = It boils between 260° and 

•il6°, same time partially decomposed, with formation of pyrrol and ear- 

Ixniate of ammonium. It must be distilled in a current of hydrogen at a temperature 
btlow its boiling point. (Anderson.) 

picoWNB-SALTS. — Picoline unites with acids forming salts, most of which are 
exceedingly soluble, but in general crystallisable when carefully prepared. On mixing 
them with strong acids considerable heat is evolved. All picolinc-salts are readily 
decomposed by tixed alkalis, with separation of the base. They closely resemble the 

salts of pyridine. 

Hydro chi or ate. — Hydrochloric acid and picoline mixed in the proportion of one 
onuivaleiit of each find carefully evaporated on the water-bath, yield prismatic crystals, 
vhich sublime when gently heated. The sublimed salt is deliquescent. (Anderson.) 

ChlorocKpratc of Picoline. — l^arge rhombohodral crystals obtained by evaporating 
cupric chloride w’ith bydrochlorato of picoline. 

Chbyromiri urate, C'Tl'N.Hg"Ol".— Picoline added to a strong solution of corrosive 
Bubliniate yields a curdy precipitate. From dilute solutions it may be obtained in 
uoedlos. The salt must bo air-dried as it evolves picoline when heat(‘d. (Andcjrson.) 

Chloroaurate.—P>eMcaiQ yellow noodles dissolving in 20 pts. of boiling water. 
(Unverdorben.) 

ChhrQidatinate, 2(C®H’N.HC1).PP^CP.— This salt varies in appearance with the mod© 
of preparation. A concentrated solption of tetrachloride of platinum added to a 
Btrong solution of hydroclilorate of picoline, yii'lds orange-yellow needles requiring 
about 4 pts. of boiling water for solution. (Aiiderson.) 

The platinum-salt is slowly decomposed by boiling witli water, and yields, alter eight 
or ten days, an insoluble substance resembling flowers of sulphur, and having the 
formula C‘'=II‘®Pt"N“.4HCl. It is the salt of a platinum-baso analogous to platmamine ; 
it is, therefore, the di hydrochlorate of platinopicoliiie. If the ebullition of 
the original platinimi-salt with water bo arrested at a certain point, which is only 
aseoitainable by experiment, a double salt crystallises out, containing 1 at. dibydrocluo- 
mte of platinopicoliiie united to 1 at. chloroplatinate of picoline. (Anderson.) 


Sulphate of Picoline.— K neutral sulphate of picoline has not yet been obtained, 
owing to the tendency of the base to escape. When an excess is added to the acid, and 
the mixture is evaporated on the vvater-l>atli, the base contiiiiu'S to fly oti until an acid 
Balt is formed, which on cooling soldifies to a mass of colourless deliquescent crystals. 
(Anderson.) 

Oxalate of Pico When excess of picoline is added to solution of oxalic 
acid, and the mixture is evaporated over lime, the whole eyentinilly 
crystalline mass, very soluble in water and alcohol. Heated to lUO it molts giving 
off picoiino and yielding an acid salt. (Anderson.) 


Suhstitittmi-derivatives of PkoU^^^^ 

Hydriodate of Ethyl-picolinc, = CT1“(C=H“)N.HI is 

to be mixed with excess of ioduh‘ of ethyl, and scaled in glass tubes. 0“ b 

100« in a water-bath, combi nation begins to hike place almost immediately, 
evolved, the liquid separates into two layers, and m a few minutes the ’ 

pitted. On cooling, the upper stratum solidifies to a crystalline mass, and <^rysml8 
iilso form in the lower layer which coiisist.s principally of the excess ; 

The solid and liquid portions are to be thrown on a filter, and the 
a mixture of alcohol and other ; after draining, the salt is o be ^ 

quantity as possible of a lioiliiig mixture of alcohol and cHier. ^ | 

new substance is deposited in beautiful silvery plates. It is very . 
alcohol, but less soluble in ether. (Anderson.) 

myl-.picoline.-mien the hydriodate is dissolved in water 
silver is agitated with it, iodide of silver is precipitah^d and t ic oDor ition be 

tion. Heat must be avoided as the base is readily odour and 

cautiously performed, a colourless solution results ; it 1ms a turmeric brown has 

is highl/ lUkaline. It restores the blue of reddened htm us, tun^^ 
a powerfully caustic taste, and feels soapy between the hng< ' ^ ethyl- 

Balts generally like potash or soda. On boiling, the solution becomts red, and ctnyi 

of considerable size and great beauty. (Anderson.) . 

Gold^salt, C®H"N.IlClAuCl* Golden-yellow flattened prisms. 
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Ethylene-dipicolyl-diammonium^ C*^H*"N* » (C’*H^) The chlo- 

rido or bromide of this base is obtained by treating picolme with chloride or bromide 

+ C*H‘CP - (OTI‘/'(C<3tI’)’N’Cl». 

(Church and Owen) ; see also Davidson (Chem. Soc. Qu. J. xiv. 166). 


Constitution of Picoline^ 


Picoline is a tertiary monamine, formed on the type of one atom of ammonia. 
But it differs from the tertiary monainines produced by the action of tha^ iodides 
of the alcohol-radicles on ammonia, inasmuch as, instead of having the three ajoms 
of hydrogen in the type replaced by three atoms of a radicle, they appear to be re- 
placed by one triatom ic radicle. It is therefore usual to write its formula (C'’H^)' N. 

Nothing certain is known of the nature of any of the triatornic radicles CMtained in 
the tertiary monamines produced by destructive distillation. C. G. W. 

PXCOIjXTE. a black chromiferous spinel, occurririg as an accessory constituent 
in LherzoUto (iii. 685). It lias a density of 4 08, and contains, according to Damour’s 
analysis (Jahresb. 1802, p. 724), 50 0 per cent, ahimina, 8*8 chromic oxide, 10-3 mag- 
nosia, 24'0 ferrous oxides, and 2-0 siliceous residue (= 101-2). 

PXCXtAMXC ACXB. C'E^N-O'.- -An acid produced by the action of reducing 
agents on picric acid (see Nituophenamic Acids, p. 406). 

PZCRAAIBZOirnTM. == In*. Lautcmann,Aiin.Ch.Phiirm. 

exxv. 1.) — A i’i -ammonium, the iodide of wliidi is produced by the action of iodine 
and phosphorus on aqueous picric acid, that is, of hydriodie. acid on picric acid: 

C^HXNO*)^;) + 23HI = C'‘H‘*N®P + 7IT“0 4 lOP. 

A saturated solution of picric acid, treated with iodim^ and phosphorus (best with 100 
pts iodine to about 20 pts. pliosphopus), becomes heated to the boiling; point, and on 
Bubsequently distilling off the excess of hydriodie acid in an atmosphere of carbonic 
anhydride, the remaining liquid solidities, at a certain degree of concentration, to a mass 
of long yellowish needles of the tri-iodide, which may bo obtained nearly colourless by 
washing with alcohol containing ether, solution in absolute alcohol, and evaporation in 

a vacuum over oil of vitriol. , * r w 

Iodide of picrammonium is deliquescent and becomes resinous on exposure to iignt ; 
crj^stalliscs from aqueous hydriodie acid, but not from water; from tlie alcoholic so- 
lution it is precipitated in the resinous state by ether. The aqueous solution rodiuvs 
plaiinic chloride; forms a steel-blue precipitate with a strong solution oif rric chloride; 
and imparts to a dilute solution a deep blue colour, whicli changes lo violet altera 
while and then disappears, a flocculent precipitato separating at the same tmu'. 
mrate of silver added to the solution of the iodide tlu-ows down silver-iodide and 
metallic silver, the supernatant liipiid turning blue. The iodide (*vap()ratcd witliwi /!?•/<-• 
acid, gives off a small quantity of gas, and yields brown crystals forming a, bine solution 
in water. With potash-icy it gives off ammonia, and deposits brown flocks, me 
dilute solution of tlie iodide, mixed with a little anniwnia, becomes blue; the concen- 
trated solution acquires a tran.slent dark-greon colour. 

Picramine, or hydrate of picrammonium, cannot be isolated on account ot its roauy 


is 


ob- 


oxidabihty. 

Acid Sulphate of Vicramnwnium, (C®II''N*)"lI(SO*)* = (C®H'^N“)" 

tained by mixing the solution of the iodide in absolute alcohol with dilute sulphuric 
acid, in greyish-white flocks, whicli crystallise with partial decomposition from wa t . 
The'suiphuric acid is completely precipitated from this salt by chloride^of barmm. 

Sxdphato-iodideoflHcrani;monium,{fy^W'^^^ .2IPO = 

is obtained in light, amber-yellow, octahedral crystals, when the aqueous 

the iodide, mixed with dilute sulphuric acid, is left to evaporate. It is easily sola 

in water, nearly insoluble in alcohol and ether, and difficult to crystallise from water. 


Acid Phosphato-iodide of Pkramnuymumf 


(001112^3)- (po4y' 

H I 


{.2IP0 


(C®H*‘-N*y"|- J*.2H*0, separates in the crystalline state on mixing the aqueous iodide 
with orthophosphoric acid. It dissolves easily in water, with difficulty in alcohol ami 
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eilier. Phosphoric acid added to the alcoholic solution throws down an insoluble salt 
free froni iodine, the solution of which in hydrochloric acid deposits needles having a 
satiny lustre. 

pXCRAXMCYXi. The name applied by Berzelius to stilbene or hydride of stilbyl 
(see Stilbene). 

PXCI&AM’A&CXIICB. A mineral occurring in geodes in the gabbro of Tuscany ; 
also in the steatitic paste of a metalliferous dyke. It forms trapezohedrons and cubo- 
trapezohedrons, with distinct cubic cleavage. Hardness = 5. Specific gravity = 
2‘257:y Colour, flesh-red to colophonite-red. Lustre, vitreous. Contains, according 
toBechi (Sill. Am. J. [2] xiv. 62), 69‘11 per cent, silica, 22’08 alumina, 10'12 mag- 
nesia, 0*46 soda, 0*02 potash, and 7*67 water (== 99*45), agreeing with the formula 

^J^*Qg|4Si0^H20, which is that of analcime (i. 210) having the greater part of the 

sodium replaced by magnesium. The mineral has most probably been formed from 
analcime by the action of water containing magnesia. (Dana, ii. 318.) 

FZCltA.lirXSlG ilCXBa The name applied by Cahours to picric acid obtained by 
the action of potash on trinitranisol, which he supposed to be an isomeric modification; 
but it has since been shown to be identical with picric acid obtained from other 
sources (p. 402). 

pXCStXC ikCXII. C®II*(NO^)*0. — Already described as trinitrophenic acid (pp. 
400-406). 


PXCBXXr. A bitter substance, of doubtful constitution, obtained by Radig from 
fox-glove ( Digitalis >purimrca'). It is described as a yellow-browm, sometimes crystalline 
substance, soluble in water, alcohol, and ether, and procipitrated from the aqueous 
Bolution by mercuric chloride, ferrocyanido of potassium, and acetate of lead, not by 
carbonate of potassium, or sulphate of copper (Handw. d. Chom. vi. 603). 

PXCROC'TikXil’XC ACTH. Syn. with IsoPiTEruiiic Acid (iii. 433). 

PXCROXSRYTHRXZra C'*II'“0^.— A body produced, together with orsellinic ether, 
by the action of boiling water on erythrin, in connection with wliich it has been already 
described (ii. 603). 

fi-Pioroerythrin, — Lamp art er (Ann. Ch. Pharm. cxpiv. 243), by treating 

South American varieties of Hoccella f uciformis with milk of lime, as in Stenliouso's 
process for the preparation of erytlu'in, has obtained a body which ho calls ^-erythrin, 
having tho composition ; dififering from that of erytliriu by OH* (whence it 

might be called mcthyUrythrin\ resembling erythrin in most respects, but melting at 
1150 116°, with violent evolution of carbonic anhydride, when^as erythrin melts, ac- 

cording to Hesse, at 137°, and does not give off carbonic anhydride till heated above 
200 ° 

j8-erythrin, boiled with water, yields orsellinic acid and ^-picroerythrin. Tho reaction, 
and that by which ordinary picroerythrin is produced from erythrin, are represented by 
tho equations : 

C2oH«0>® + IHO 

Krythrin. 

/3-erythrin. 

i8-erythrin, boiled with strong alcohol, is resolved into orsellinic ether and ^-picro- 
epythrin : 

C*H‘0 - C’H»(C*H»)0‘ + + H®0. 


C'H"0* + 

Orsellinic acid. • 

cm*o* + 

Orselliuic acid. 


C>*H**0\ 

Picroerythrin. 

C'«H*®0‘. 

/3-picroerythrin. 


C2«H«0*® + 

/S-erythrin. 


Alcohol. 


Orsellinic /3-plcro- 

other. erythrin. 

On distilUne off the alcohol, a syrupy residue is left which sohdiflcs on 
The solution of this mass in boiUng water yields on cooling silvery laminse of orseUmio 
ether, and the mother-liquor evaporated to a syrup, deposits fl-picroorythrin m steUate 

*™i^pi^^thrin has a slight acid reaction, and gives a.rcd ^lour with^loride ^ 
lime. & is soluble in wSer and in alcohol, sparingly m ether. It dissolves a^ 
a 17dAe solution forms with basic acetate of lead a white precipitate, 

and^ iitr^te of silver a reddish precinitate, which deposits metallic silver w;hen 
warmed. When boiled with baryta-water, it yields carbonate of barium and ^-orcin. 

A minflrftl consistine of a silicate combined with fliior spar 

aad water, i^urri^ at »cteo^ XlUustm: Wne» = 2 te I* 

ap'Sfic“gSj%®’r”l74. It mefia before the blowpipe with intumescence and spirting, 
VoL. IV. T T • 
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dissolves completely in acids, and gives off, with sulphuric acid, a largo quantity f 
fluoride of silicon. Analyses, a by A. and J. Galindo, b by Arppo, gave ^ 

SiOa F Ca'O Mg"0 Fe"0 Mn"0 H^O 

fl. 20-90 11*16 22-72 28*79 1*51 078 8-97 « 94*86 

b. 32-16 . . 19-86 25 19 3*50 • * 908 

These analyses lead to the formula (4M"0.3Si0‘*).2Ca"F*.3H*0. (Arnpe Jahrack 
1862, p. 752.) ^ 

PXCHOOliYCXOliar. Bulcamarm . — A substance contained, together with solanine 
and other nmtters, in bittersweet or Sti'pitcs Bulcamarce^ the stems of Planum 
Didcmnara. It is obtained free from solaiiine by exhausting the aqueous extract of 
the stems with alcohol, distilling off the alcohol, dissolving the residue in water pre- 
cipitating the solution with basic acetate of lead, decomposing tho lead-precipitate with 
sulphydric acid, and cvaijorating the filtrate to dryness. On treating the residue witii 
acetic other, and leaving the ether to ovaporate, picroglyciou is obtained in small kSIcI- 
late crystals, which may be freed from mother-liquor by pressure between paper. 

Picroglycion has a sweet and bitter tastrj, melts very (*asily, and is decomposed, with 
carbonisation, at a higher temperature. It is very soluble in water, alcohol, and acetic 
ether ; insoluble in common ether. It is not precipitated from its sohiti<m8 either by 
metallic salts or by tincture of galls. 

PXCROUCHfiXrXlir. A substance contained, according to Alms (Ann. Cli. 
Pharm. i. 61) in Variolaria amara. It is extracted by alcohol, crystallised by evapo 
rating the solution to a syrup, and purified by washing with a weak solution of pci assic 
carbonate, and recryatallising from alcohol. 

It forms truncated rhombic octahedrons, colourless, permanent in the air, inoilormi.s, 
very bitter, and having a specific gravity = 1*176. It melts at 100'^, and carbonises 
at a higher temperature, giving off vapours free from ammonia. It is insoluble in 
cold water, slightly soluble in Vioiling water, very soluble in alcohol, ether, volatile oils, 
and sulphide of carbon, and with aid of heat in lixed oils. The alcoholic solution Ims 
an acid reaction. 

Picrolichenin is decomposed by nitric, hydrochloric, and phosphoric acid. With 
caustic •potash it forms a red solution, from which acids prccipilati; a brown-red Inttn* 
substance. When loft in contact with ammonia in a close vessel, it, first Ix-conn s 
viscous and resinous, and ultimately dissolves, forming a liquid whicJi is colourless mt. 
first, tlien turns reddish, finally saffron -yellow, and deposits after awhile, shining yellow 
tufts of flattened tasUdess needles easily soluble, in alcohol and in caustic alkalis. Tiny 
effloresce in dry air, give off' ammonia wiien heated, and nndt at 40° to a glutinous mass, 
having a deep cherry-red colour, and behaving with solvents like the crystals. Tlix 
same red body is formed when the ammoniacal solution of picrolichenin is left to 
evaporate in the air. Its formation seems to show that picrolichenin i.s a source of 
orcin, and probably identical with one of the colouring acids of the lichens (lecanoric 
acid, &;c.). 

PXCROXiXTB. A fibrous dark-green variety of sorpentino, somewhat resemhUiij? 
asbestos; found in Silesia, and at Philipstadt in Wermeland, vSweden. 

PXCROPKBRXTB* Eotassio-magn(’sic sulphate, K®Mg*'(SO*y.6K*0, erystalli^^"! 
from the solutions of s.aline crusts, from the fumaroles of Vesuvian lavas of ilic 
eruption of 1855. (Scacchi.) 

PXCROPKAR1KLA.COX.XTE. See Phaumacolite (p. 387). 

PXCROPHTXiXi (from 7r«Kp<Js, bitter, and 4>u'AAoi/, a leaf). A piassive foliated, 
fibrous, magnesio-ferrous silicate, from Sala in Sweden. It has a deep greenish-gi’iy 
colour ; hardness = 2*5 ; specific gravity ~ 2*75. Before the blowpipe it turns 
black and then white, witliout melting; when moistened witli cobalt-soiution and 
ignited, it turns pale red. Contains 49-80 per cent, silica, 30 10 magnesia, 6*86 fernms 
oxide, with trace of manganous oxide, 0*78 lime, 1‘11 alumina, and 9-83 wai<r 
(•» 98*48), w'hence the formula 3(5Mg".~Fe")Si0*.2H-0. It is perhaps an ultcnd 
augite. (Svaiiberg, Pogg. Ann. 1. 662.) ; ^ 

PXCROSMXXrs (fromirwp3y, and ofr/u4 odour). A hydrated silicate of magnesium, 
occurring, with magnetic iron ore, near Pre.snite, in Bohemia, in trinietric crystals, 
hibiting the combination ooP . oePoo . ooI^qo .rco. Angle ooP : ooP s=: 126° o- - 
oePoo *. ooP -= 153 26' ; : f’oo = 121® 6'; f^oe : Poo (over ooPoo ) * 62° H i 

adjacent sa 117° 49^. Cleavage parallel to ooPoo perfect; parallel to ooPoo , less sC) 
traces parallel to Poo . It occurs also fine-columnar and granular. Hardness *- 
2 6 — 3. Specific gravity = 2*59 — 2*68. Lustre on cleavage-face pearly ; elsewnew 
vitreous. Colour greenish-white, also dark green and grey. Streak white. Subtrans* 
lucent to opaque. Emits a bitter argillaceous odour when moistened, ^ben lieatoa i 
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pives water PCmtaiuing ammonia; behaves before the blowpipe like pierophylK 
roiitains 64’89 per cent, silica., i'i4‘85 magni'sia, 0‘79 aliiminii, 1’40 ferric oxide, ()’I2 
manganous oxide, and 7-30 water (= 99-15), whence the formula 2Mg"«iOMl«(), the 
magnesium being partly replaced by iron. (Magnus, Pogg. Ann. vi. 53.) 

pXCROTBOIMCSOXBTZTZS. A white radiate mineral, from the gabbro of Tuscany, 
containing, according to Bechi (Sill. Am. J. [2 j xiv. 63), 4()-35 per cent, silica, 31-25 
alumina, 10-99 lime, 6-26 magnesia, 0-28 alkali, and 10-79 water. It is probably a 
thqmsonite having the soda replaced by magnesia, (See Tuomsonite.) 

plCBOTOXIC ikCXO. The name given by Pelletier and CoucTbe to picrotoxin, 
because it unites with metallic oxides. 


pXCBOTOXZXTa (Boullay, Ann. Chim. xxx. 209. — Casasoca, 

Ann. Ch. Phys. [2] xxx. 307. — C. Oppermann, Mag. Pharm. xxxv. 233. — Pelletier 
and Couerbe, Ann. Ch. Pliys. [2] liv. 181.— Liebig, Ann. Ch. Pliarm. x. 203.— 
Kegnault, Ann. Ch. Phys. j2| Ixyiii. 160. -L. Barth, J. pr. Clioni. xci. 155; Bull. 
Soc. Chim. 1864, ii. 388.) — The poisonous ])rineiple of the seeds of Cocciilns indiens 
Coccuhui). To prepare it, the pulverised s('ed is twice exhausted with 
boiling alcohol ; the alcohol distill<*d off ; tin* re.sidual fat boiled out with a large (juantity 
of water; and the brown aqut'ous extract niixc*d witli a small quantity of neutral le.'ui- 
acetate to remove colouring matter. The. hltrate, freed from lead by sulpliydric acid, 
is then evaporated, and the picrotoxin which separates is repeatedly crystallised from 
water till it becomes colourless.* (Barth.) 

Picrotoxin usually crystallises from pure solutions in stellate groups of needles ; 
from coloured liquids in interlaced spongy threads, which aft(;p a whih> eliange into 
more solid needles, more rarely into lariiime (probably containing water of crystallisa- 
tioa). It is permanent in the air, inodorous, has an intensely bitter taste, and is 
neutral to vegetable colours. It decomposes without fusion wIkui strongly heated. It 
di.ssolv(!S in 150 pts. of cold, and 25 pts. of Iwiling water ; in 3 pts. of boiling alcohol 
of specific gi’avity 0*800; also in etlnn* and in warm fixed oils. Its alcoholic solution 
turns tlie* plane of polarisation to the left ; [a] i= —28® (Bouchard a t and Boudet); 
= —38® (P faun die r) for a. cohimn 1 metre iii length. It is very poisonous, pro- 
ducing vertigo, convulsions, and death. 


Carbon 

Hydrogen 

Oxygen 


Analyses of Picrotoxin. 

r- •'* ^ 

Pelletier. 

and (^)iierbc. Oppermann. 

60-91 61*43 61-53 

6*00 6*11 6*22 


Calculation 

C'2H»K>» 

IlcRuault. 

60*21 60*47 60*d8 

5*83 5*70 5*88 

. . 33*64 

"l 00-00 


dppormann, whose analyses diffi'r considerably from all the rest, propost‘d tho 
formula C-'^lPO®, requiring 61-2 carbon and 6-1 hydrogen; but all the other analyses 
agree very nearly with the formula C'HI^O®. Barth’s analysevs also give 60-2 per cent, 
as the maximum percentage of carbon. 

Picrotoxin unites with alkalis, baryta, lime, and oxide of lead, forming uncrystallis- 
iilile compounds which are difficult to purify. On boiling it for some hours with dilute 
sulphuric acid, saturating with carbonate ojf hariimi^ and evajjoratiug the filtrate, lliere 
remains a svrup wdiieh dissolves in alcohol and dries up to a gummy mass having the 
composition C*'li'‘*Ba"0“» or C-'BT'-’«Ba"0‘®.6H‘0. By boiling for 30 hours with dilute 
fiwlphu^c acid and proceeding as above, a barium-compound is formed containing 
C*<H®«Ba"0'« or 9*^H-®Ba"0'®.4H-0. The organic substance scpfirare<l from tJiis com- 
pound dissolves easily in water and alcohol, and dries up to a liglit yellow gum m y nniss, 
which when dried at 130°, has the composition C-‘II®K)*-' or C''=II“'0‘’ C'2H"OMI“(). 

Picrotoxin in many of its reactions exhibits the characters of a saccharine substance. 
It reduces cupric oxide from alkaline solutions, and when boiled with dilute acids, 
takes up water, forming a substance; which also reduces cupric oxide. The rc^dueing 
pow'er of picrotoxin is, however, about five times less than that of glucose. With 
't^Uric acid, it yields oxalic acid, and when distilled with soda-lime^ it gives on a small 
^'Juntity of liquid Ih^ving the odour of metacetonc. ii- 

Picrotoxin dissolves in mlphuric forming a safFron -coloured solution. 

" ith sulphuric acid and potassic dichromate it assumes a red-brown, and on heating 
* dark brown colour. (Schmidt.) 

J^romopicrotoxin, C'-'H^^BrO®, is formed, with evolution of hydrobromic acid, by 


the recrystalllsatlon of picrotoxin. them separates a <l«a«tity of another 

menisperinic add. iii. 879). sparingly soluble in water. and eti,< r. hiit eas.^ 

^‘uble in dilute Bodlr c.irbonate, and separated therefrom by acids in microscopic needles. Its analysis 
‘'“US to the forinult C^H'^OS 

T T 2 
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the action of bromine on picrotoxin. , It . separates slowly from alcoholic solution in soft 
ciystalline groups, but on adding water to the solution, it is obtained as an amorphoiS 
flocculent precipitate, which dries up to a strongly electric powder. ^ 

Nitropicrotoxin, C‘®H*"(N0’*)0*, is formed by dissolving picrotoxin in a mixture 
of strong nitric and sulphuric acid, and is precipitated by water as a flocculent mass 
which crystallises from dilute alcohol in small needles. It is not explosive, but de- 
composes when heated to 100°, or when the solution is boiled. * - 

Detection of Picrotoxin. — The intensely bitter taste of picrotoxin has led ^ 
use of cocculus grains as a substitute for hops in beer ; and as it is a very poisonous sub- 
stance, its detection in beer and other organic liquids becomes a matter of important 
For this purpose, T. J. Herapath absorbs the picrotoxin by means of animal chatfeal 
then dissolves it out by alcohol, and leaves it to crystallise Irom the alcoholic solution 
(see Beer, i. 637). According to W. Schmidt, however (J. pr. Chem, Ixxxvil 344* 
Jahresb. 1862, p. 629), this method cannot bo depended upon for the detectioia of small 
quantities of picrotoxin, on account of the very slight absorbability of that substance by 
charcoal ; the charcoal indeed appears to be useful rather for removing tho '^Q|ring 
matter, resin, and extractive matter of the liquid, than for taking up the picrot mriu 
process recommended by Schmidt for the detection of picrotoxin in watery liquids 
such as beer, is as follows; The liquid is evaporated over the water-bath to a syrup; 
the residue is dissolved in a sufficient quantity of water to form a mobile liquid ; this 
solution is agitated with 5 or 6 grms. of animal charcoal, and filtered after several 
hours ; and the filtrate is completely precipitated with basic acetate of lead. The 
wine-yellow liquid separated from the precipitate is then repeatedly shaken up with 
6 to 10 per cent, of amylic alcohol, and the oily layer, which contains the greater part 
of the picrotoxin, is decanted after standing for 24 hours. The portion of picrotoxin 
still remaining in the watery liquid may he separated by a repetition of this treatment. 
The united extracts are tlien left to evaporate in a moderately warm place; the 
yellowish residue is dissolved in weak spirit ; the liquid evaporated to dryness ; the 
residue boiled with water mixed with a small quantity of sulphuric acid ; ami the 
liquid is decolorised with animal charcoal, filtered, and evaporated till it acquires a 
distinctly bitter taste. It is then repeatedly shaken with ether, and the etherfeal 
extract, after addition of a little alcohol, is left to evaporate. By repeatedly dissolv- 
ing the residue in weak spirit, and leaving the solution to evaporate, the picrotoxin may 
be obtained in tufts of fine silky crystals. The charcoal used for decoloration and 
the lead-precipitates retain traces of picrotoxin, which may be dissolved out by hot 
alcohol. When picrotoxin is to be searched for in an alcoholic liquid, it is suffojient 
to evaporate, exhaust the residue with boiling ■water, decolorise the liquid "with 
animal charcoal, concentrate the solution, and treat it with ether, &c., as abov^.' 
J. W. Langley (Sill. Am. J. [2] xxxiv. 109) acidulates the suspected j^quid, and 
agitates it with ether which takes up the picrotoxin, which may then be Crystallis^ 
by evaporation on a watch-glass. According to Schmidt, on the other hand, picrotoj^ 
does not crystallise from ether or from amylic alcohol. 

The picrotoxin. having been separated as above, is easily recognised by the great 
facility with which it crystallises from alcohol, and the peculiar characters of the cryst&la 
(i. 637); also by its strong bitter taste, its reaction ■with sulphuric adid ai^d^potasBio 
chromate, and its power of reducing cupric oxide in alkaline solution. . p . . 

PZCSTZi or Cripin. A substance formed, together ■with^ others, by subnfltting tg diy, 
distillation the crude jproduct of the action of sulphydrike of ammoftium on bitt.^ 
almond oil. On treating the distillate with ether, picryl dissolves^ together with 
stilbene, and separates after the latter, in colourless, inodorous, mon6<Sinic octahedipndt 
insoluble in water, very soluble in ether, much less soluble in alcohol. It is attaCaed 
by chlorine, bromine, and nitric acid, yielding peculiar products. (Laurent,)^ 

The name picryl is also used as synonymous with trinitrophenyl, 
the radicle of picric acid, &c. Chloride of Pi^l C®H'‘*(NO*)*Cl is ^o||8inod^b7 
action of pentachloride of phosphorus on picric acid (p. 403). It -is a yellow solid 
having an agreeable odour, soluble in alcohol and ether, not volatUa without decom- 
position. Water decomposes it, yielding hydrochloric and picric acMht* ammonia con- 
verts it into picramide. 

PZCTrril. Syn. with Sphene. 

PX3>j>Zir0T03rZT8. A mineral constituting the principal part of a 
which fell on November 30, 1860, near Shalka in Bangoorah (East Indies), and 
first described by Fiddington (Joum. of the Asiatic of Bengal, 1862, rj. 2 W 
Th« mineral consists, acco^ing to Haidinger (Wien. Akad. Ber. zli.251 ; Jahres^ 
p. 848), of dark ash-grey, coarse-grained particles of rhombic or monoclinic stmeturer 
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“^se? several inches in diameter, which are enclosed in a 
^jBiewhat lighter, pumice-hko mineral having a more fine-grained structure. The dark 
?ey crystidliue particles (piddingtomte) are composed of 67 '66 per cent, silica, 20-65 
>irroiifl oxide, l-o3 lime, 12-00 maguc.sia, with trace of alumina (= 98-84) The 
ish-grey mass encloses also small black granules of chrome-iron. Tho crust of the 
netcoritP is very thm, of blackish-brown colour, with very little lustre. 

>XOOTXTS. An incrustation occurring on the granite cliffs of Cornwall, consisting 
organic substance called mudesous acid (iii. 1060). 

A doubtful mineral species between talc and 

Jureden. 


I mica, found at Fablun in 


iraMKZC -A-CXD. C”H>»Oi (Laurent, Ann. Ch. Phys. [2] Ixxii. 384; [3] 

[XU. 469. — Sievert, Zoitschrift tur die gesammten Natiirwissenscbaften, xiv. 311.) An 

icid resin^urhng m the turpentine of J^m?/s maritima, which hardens on exposure 
:o the aufCorming the substance called galipot; also in the colophony of Bordeaux 
i. 1087). To prepare it, the galipot of eommerco, after being freed from ailmixed tur- 
jentjlil? If pul^ri^d and stirred up with a mixture of 1 pt. ether and 6 pts. alcohol, 
W poured off after a short time. The undissolved portion treated twice more 
n tho same way, and then dissolved in boiling alcohol, yields, after several days’ 
itanding, crystallino crusts, which must be promptly taken out and purilled by recrys- 
aiUisation from boiling alcohol (Laurent). It may also be obtained by washing 
Bordeaux colophony with cold alcohol, dissolving the residue in boiling alcohol, and 
caving the solution to crystallise. 

Pimaricacid forms white, warty, crystalline crusts, consisting of microscopic reetan- 
rular or sometimes six-sided prisms (Laurent) ; fine tliiii lamiiue, the primary form 
if which is a quadratic prism often truncated on the edges, or acnmiiiaU'd (Si evert). 

;r melts at about 125°, and solidifies only at 68° to a limpid, sometimes crystailogra- 
lular mass ; the acid dried in a vacuum los(‘s under these circurnstanecs 0*4 per cent, 
vater (Laurent). It sinters together between 120° and ISS*^, and melts completely 
It. 158° to a clear liquid from which the unaltered acid sublimes at 120°. In a capil- 
ary tube, both the crystallised and the already fused acid mfilt at 153° (Si evert). 
Specific gravity = 1*1047 at 18°. It is laevorotatory, hut in a less degree than sylvie 
ifid. It gives by analysis 78*18 per cent, carbon and 0*74 hydrogen (Laurent); 
^9-02 carbon and 9*87 hydrogen (Sievert), the formula requiring 79*47 

arbon, 9*94 hydrogen and 10*59 oxygen. According to these results pimaric acid is 
Bdmeric with sylvie, and probably also with ahictic acid. 

Pimaric acid is insoluble in watcT, but dissolves in 10 pts. alcohol at 18° and in its 
)wii weight of boiling alcohol (Laurent) ; in 13 pts. alcohol of 92 per cent, in 2 pts. 
it the boiling heat (Sievert). Fused pimaric acid dissolves quickly when triturated 
vith an equal weight of cold alcohol, but the solution solidifies almost immediately 
mm separation of crystals. 

Amorphous IHviaric Add . — Crystallised pimaric acid becomes amorphous by keeping. 

Lt fcheip dissolves in its own W’eight of alcohol, the solution not solidifying in tho ciys- 
alUdh form, but depositing, when mixed with water, a soft mass having the sfimo 
iompoiiition as crystallised pimaric acid. Pimaric acid in tho fused state or dissolved 
n alcbkol does not utidergo this transformation (Laurent). Laurent subsequently 
fewrded amorphous pimaric acid as identical with pinic .acid. 

The pim^rates of the alkali-metals arc soluble. The alcoholic solution of the acid 
Joes uot precipitate the alcoholic solutions of the cliloridos of strontmm, calcium an<l , 
"sagnesium^ except on addition of ammonia, which produces a copious precipitate in 
he calcic solution, less abundant in the others. The alcoholic acid mi xed at the boiling 
leat with the alcoholic solutions of plumbic^ cupric., or argentic acetate forms amorjihous 
?W>cipijtates after some time. Tho lead-salt dried in a vacuum contains 26*5 per cent, 
ead-oadide, agreeing approximately with the formula C^®Il*"Pb''0’‘, which requires 27 ’65 
a«r cent 

Pinaiiyie aeiil'distilled in a vacuum in quantities not exceeding 10 grms. yields first 
i^races of water, then pyro marie acid solidifying for the most part in the neck 
the retort, and ultimately leaves only a trace of charcoal. Larger qualities of the 
iwd distilled in vWsels containing air yield chiefly p i m a r o n o. Pimaric acid gradually 
^dded to strong sulphuric acid forms a brown-red solution, which if poured into water 
rfters 24 hours deposits reddish-grey flocks. 

By boiling with nitric acid, pimaric acid is gradually converted into nitromaric or 
laomaric acid, C*®H“«(NO*)■■*0^ which collects on the surf^eof the liquid as a yellow 
^ftble resinous mass which may be purified by repeated boiling with water, or by solu- 
tion in acid and precipitation with water. This acid decomi^oses when melted, leaving 

ijiilky charcoal, but does not glow or deflagrate oven when quickly heated. It burns 
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like a resin, and yields by dry distillation a very small quantity of oil. Ttis 
in water, soluble in oil of vitriol, aleoliol and ether ; tho alcoholic solution redden*' 
litmus. It forms reddish-yellow salts, those of the alkali-metals being soluble tlic 
harium-salt insoluble. Tho alcoholic solution of the’ acid forms yellowish precinhat * 
with neutral acetate of lead and nitrate of silver. ' " 

PZlMlAROJVZi. C*®H“0. — 'When a considerable quantity of pimaric acid is di.s. 
tilled in a vessel containing air, and the viscid distillate, consisting of piinaroiif. 
mixed with pyromaric acid, is saponified with potash, the x^iraarone is taken up * 
the soap formed by tbo pyromaric acid ; and on agitating the pulverised soap with ^ 
ether, the pimarone dissolves, together with a small quantity of potassium -salts, which 
may be removed by water. The residual X)imarone, after hidng washed with dilute i 
potash-ley and witli water, and dried in a vacuum, is yellowish, has the consistonce of 
a fixed oil, and dissolves in alcohol and ether. It hardens almost completely on expo- 
sure to tho air. 

PIMBMO ACIB. C’H'H)' = I 0“. (Lauront, Ann. Ch. Phyn. [ 2 ] 

Ixvi. 163. — Bromeis, Ann. Ch. Pharm. xxxv. 104. — (lerliardt, Bev. seient. xix. 12. 
— ISacc^ Ann, Oh. Pharm. li. 221. — Arppe, ibid. cxv. 143 ; exxiv. 98. — Gm.xii. 463.) 
This aciil was discovered by Ijaureut in the mother-lirjiiors resulting from the action of 
nitric acid on oleic acid, and is likewise produced by the aetion of nitric acid on wax, 
sperm acetic and other fatty bodies. Sacc obtained it by the action of nitric acid on 
linseed oil. 

Laurent prepares it by Imiling 200 or 300 gnus, of oleic acid for twelve hours with an 
equal weiglit of nitric acid, cohobating the distillate from time to time. The? nitric acid 
is then deeant(?d, the uiidissolved portion again tr(‘ated with a quantity of nitric acid 
equal to tho former, and the ebullition continued for another twelve hours. This 
operation is rej'eated six or seven times till only about a fifth of the ohdo acid remains 
undissolved. Tho decanted poi-tions of nitric acid a.?e then united and evaxwrated 
down to one-fourth. The residue left to itself for tw'elve hours d(‘posits gramilcs of 
suberic acid, which are to be pirossed, iuoisteri(?d with cold wat('r, again submitted 
to X-iressure, and the expv(‘sse<l liquids cvax.)orat(*d, the vessel being cooled from time to 
time, and the suberic acid which sex.»aratos removed. This acid may bo rocognistfd by 
forming granules which are soft after being prcfssr-d with a glass ro^. Gradually, 
bow'cver, piiuclic acid begins to separate in hard sandy grains, mixed at first with 
suberic acid, which is easily removed by levigation with water. By a new evax)oratioii 
more pimelic acid is obtained, but it crystallises very slowly, the deposition not being 
complete for several days, Tho evaporation must nob bo pushed too far, because tin? 
mother-liquor contains other acids of still greater solubility. Tho pimelic acid may 
bo freed from adhering suberic acid by means of alcohol, which, easily dissolves tho 
latter, and finally purified by crystallisation from boiling watei*. 

Pimelic acid forms grains of about the size of puns’ heads, appearing under a magni- 
fying glass as groups of crystals, the form of which cannot be made out. It is inodu- 
rous, but has an acid taste. It melts at about 1 14® (Laurent) ; at 134° (Bromeis); 
distils at a high temperature. 1 pt. of tho acid dissolves in 35 pts. water at 18° ; it is 
very soluble in boiling water, also in warm alcohol and other ; it dissolves also in 
hot strong suliihuric avid. When heated with hydrate of potassium it gives off hydro- 
gen without blackening. Tbo residue contains oxalic acid, and when treated with 
mineral acids gives off a volatile acid resembling valerianic acid (Gerhardt) ; 

C»U‘»0< + 2mO -H -t- 2H*. 

Pimelic acid is dibasic, but only tho nentrai salts, C’H®JVI®0* and C’H*M"0S are 
known.— The ammonium-salt gives off ammonia when boiled, and gradually on expo- 
sure. The acid neutralised with ammonia does not precipitate the salts of barium, 
strontium, calcium, magnesium, manganese or zinc. With lead-'Halta it forms a white 
precipitate, apparently insoluble in water and in alcohol ; with ferric salts^ a light-red 
precix)itate ; with mercuric chloride^ a white precipitate. — ^The copper-saltt C^H*®Cu"0*, 
is a blue precipitate, insoluble in water and in alcohol. — Tho sUver-sedtt is 

likewise obtained by precipitation. 

PZMBXiZC STBSRB. Pimelatc of methyl, CTI*«(CH*)*0^ is prepared like the 
ethyl-compound and decomi)dses in like manner when boiled. 

mrnelate of Ethyl, C"H"02 == C'H*»(C*H»)*0«, is obtained by the repeated wtiou 
of hydrochloric acid on an alcoholic solution of pimelic acid. The portion which le 
volatile below 100° is distilled off, the residue neutralised with carbonate of sodiuiu? 
and the dark red oil thereby separated, which increases in (quantity on furth‘'r 
addition |»f water, is dehydrated with chloride of calcium. The liquid thus obtainfjj 
has a fruity odour, and gives by analysis 61*44 per cent. C and 9*76 H (calc. 61T1 1 
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8*25 H"). It begins to boil at but the boiling point gradually rises, charcoal 
operates, and a liquid passes over which effervesces with carbonate of sodium, and 
!nneai’S to be ethi/l-jnmfUc acid^ CU1‘’(C"H®)0‘. It gave by itnalysis 57'03 per cent, 
C and 9*10 H (calc. 67‘I1 per cent. C and 8-f)0 H). (Marsh, Ann. Ch. Pharin. civ. 

of Amyl, C'’H“0<=. C’H'*(0»ir>)’0'.— IVimrc'd liko tlio preceding com- 
lound. Dark-red, somewhat oily liquid having a penetrating but not unpleasant oilour. 
lk)ils between 170*^ and 200°. Insoluble in water, soluble in alcohol and ether (anal. 
(iJ-G'i C and 10-9911; calc. 68 00 C and 10 07 II). (Marsh, loc. di.) 

PXMBIWTB. A name applied to several green nickeliforous silicates ; — a. Green 
chrysopraso eartli, accompanying chrysoprase. In Silesia (h i a pro tli, lUitrikjr^ ii. 1.31). 
d) Glocker’s AlhU(\ a massive greon mineral from Silesia, meagre to tin* touch, of 
pneoitic gravity 1'458. Gives off* water when heated; is infusible before* the blowpipe; 
viclcls metallic nickel l)y reduction w’ith .sodic earlxinatc (C. Sc li mid t, Pogg. Ann. 

ixi. 388). 0. A .similar mineral, but grc'asy to the touch, Jind of spec i tic gravity 2*71 — 

‘;-76. Behaves before the blowpipe, like talc, and giv«‘S 1 lie reactions of nickel. De- 
composed by acids both before and after ignit ion (Baer, J. pr. Cliein. Iv. 49) : 



Si 03 

Amp 

Fe20^ 

Fe"0 

Ni"0 

Mg"0 

Ca"0 

H'^O 


a. 

35-00 

5-00 

4*58 


15-63 

1-25 

0 42 

38-12 - 

100 

b. 

54-63 

0-30 


i-i3 

32-66 

5-89 

0-16 

5-23 - 

100 

c. 

35*80 

23-04 

2-69 


2-78 

11-66 

• ‘ 

21-03 = 

100 


The first of tbi'sc minerals, if the iron be supposed to exist as ferrous oxide and the 
nliuuiiia be. rcekoned with the. acid, may p(*rbaps be repn>scntcd formula 

(Ni''0 ; Fe"0 ; Mg"0).28i0-.7n“0. The second h;is the composition | 

IPO. The third may be rcjircsented by the formula 3] (Mg 0 ; Ni 0rSj0*].2(2K*0®, 
■S10'-n8ll'‘‘O This miiKTal contains organic remains, containing 0-41 per cent, 
o-iiboii (according to Bayer). It loses 8*8 per cent, water at 1 lO^, and 21-37 per cent, at 
a red heat. 


PIMENTO, OIE or. A volatile oil ol.tninod from the fruit ol Myrtm Pimento, 
noik ofWnrh viold 10 per ocut.. and the siceds 5 per cent, oil (lloiinstre, J. 

’ rmn xi 187). Tim crude oil is viHcous, has a pale yellow or li(rht brown colour, 
‘nd stone refractine power; siH.cific sriwity I-().3 at 8“ It res..mbh.s oil of cloves 
ill taste and smell, and reads like that oil with sidj/hiinc aetd, nitric acid, and iodine; 
(lis,.iolvc8 compli'tcly in alcohol and i tiler. _ , i ■ . • „„;,i ruoTrisd* 

by treatment with strong jiotasli-tey. it is resolved into ™5'i 'L Ci»k“ ^This 
(ii 004) and a hydrocarhou polymeric with oil ot turpentine, pioUihly C H . I his 

hShon is a^eolourless rlitl.er viscid oil, sme ling soii.mjdiat like cnl ->f 
aiid exhibiting feeble luivo-rotatory power, hpeeilie gravily () .)8 -‘t 18 • 

2-5S. (C. Oes.er, Ann. Cli. I’liarrn. exxxi. 277 ; Hull. boe. Cbim. 186,% i. 434.) 

PrMPnrEXiX.A. 0» or. The volatile oil obtained by distilling the root of 
?Z^aa.a.rifraya with water, has a ‘‘ n" 

misim. . , J 

M •» r«TTiaO ( F i 1 1 i tr Ann. Ch. Pharm. cxi v. .54.)— A n oily body pro- 

gravity of 0-7999 at, 10°. aip i».Is at lOo . ,vi.h acid sulphites of alkali- 

proportions with alcohol and itho. It a , v niiro-conuTomuls. When 

...elk. With’ strong nitric 0.14 ’J; d yli I t converted into 

..lijeetiA to tho visd^^^ 

diehioropiinacol in. C H Cl y. ami oyes like dichloracetmio 
"I Cl. lourles.s, necdlc'shapcd crystals. It . in cold water, and sparingly 

li..30). melts at 61°. boils at 178° is S %r,tio; in ether orSn 

s-'luble in hot water, from winch however it cry st.iuisis. 

ibsolute alcohol is precipitated by water. 

»IN&CONE. C«H»0'C Ann CIn Plm™. ex IU‘!!^'rh.dei; Ann.'ch'. 

riil*:^:^.';. t?.r ;^,‘:er.-80"; Mill. Ch. l-harm. Suppl. 
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iii. 374) — This body, isomeric t<rith hexylene-glycol, (C*H**)''H*0*, is produced by the 
action of sodium, or better of sodium-amalgam, on aqueous acetone : 

2C>H«0 + H* =« 

On distilling the resulting alkaline liquid, which also contains isotritylic alcohol, hydrate 
of pinacone, is found in the last portion of the distillate, and crystallises 

on cooling the liquid to a low temperature. This hydrate is resolved by further dis- 
tillatiou into water and pinacone, which are easily separated by factional distillation 
and from the first fraction, passing over between 170*^ and 180^, the pinacone may be 
obtained pure by repeated slow distillation. (Linnemann.) 

Pinacone exists in two modifications, one liquid, the other solid. Liquidpinacoiie 
is a colourless syrup which has a specific gravity of 0-96 at 15^, does not solidify at 
0®, boils at 176° — 177° under a pressure of 0*738 met. ; is soluble in water, but soon 
separates from the solution as a crystallised hydrate melting at 46*5°. If protected 
from moisture, it changes gradually but spontaneously into tho solid modification. 

Solid pinacone, when freed from the last traces of the liquid modification by 
pressure between paper, and purified by distillation, is a snow-white, finely crj^stallino 
mass, which gradually softens and melts between 35° and 38°, and boils at 171°— 172° 
under a pressure of 0*739 met., giving oflF a colourless, inodorous, thickish liquid which 
soon solidifies. It dissolves readily in cold alcohol and elhtr, sparingly in cold sulpkidet 
of carbon, and crystallises from boiling sulphide of carbon in small needles. By spon- 
taneous evaporation of an alcoholic or ethereal solution, it is obtained as a radio-crys- 
talline mass made up of small needles. It is sparingly soluble in cold water, easily 
in hot water, hut quickly separates from the solution as hydrated pinacone, melting 
at 46*5°. (Linnemann.) 

Pinacone in either modification is easily reconverted into acr'tono by the action of 
acid chromate of potassium and sulphuric acid. (Linnemann.) 

Hydrated pinacone, C®H‘'‘0*.6H*0 (regarded by Pittig and by Stadeler as 
C*H'*0.7H^O). Obtained by tho direct combination of pinacone with water, or in 
larger quantity by the action of sodium-amalgam on aqueous acetono {md, sup.). 
It is a light transparent substance usually cry.stallising in thin four-sided tablets 
(hence the name, from a table), but sometimes, according to Stiidrier, in long 

prismatic crystals. When pure it is perfectly inodorous. When k(;pt in do e vessels 
it volatilises, and sublimes from one part of the vessel to another, <;ven at ordinary 
temperatures. It is sparingly soluble in cold water and ether, easily soluble in akohoj, 
and may be recrystalliscd from hot water. It melts at 46*6° to a colourless liquid 
which solidifies on cooling. It is resolved by dry distillation into pinacone and water, 
but volatilises undecomposed with aqueous vapour (Linn om^ n n). By distillation with 
sulphuric or hydrochloric acid, or by exposure in the melted state to the action of diy 
chlorine, it is converted into pinacolin. (Stadeler.) 

Fittig appears to have obtained two other hydrates of pinacone, viz. 211*0 

and 

Benzoplnaoone. (Linnemann, Ann. Ch. Pharm. cxxxiii. 26). This 

compound, related to benzone (phenyl-benzoyl, p. 478) in the same manner as pinacone 
to acetone, is produced by the action of zinc and dilute sulphuric acid on benzone : 

2Ci»H»« 0 + H» a. c**ir"o*. 

To prepare it, 1 pt. of an alcoholic solution of benzene saturated at 16°, is added to 
6 pts. of a mixture of 1 pt. oil of vitriol, 1 pt. water and 4 pts. alcohol, and as much 
granulated zinc is added as can be just covered by the liquid. On leaving the mixtwe 
to itself for a few days, the benzopinacone is gradually deposited as a crust on the zinc, 
and that which still remains dissolved may be separated either by distilling off the 
alcohol or by precipitating with water. The portion attached to the zinc is easily 
loosened by treating tho zinc with dilute sulphuric acid, and the whole may then be 
separated by levigation, and purified by repeated crystallisation from boiling alcohol. 

^nzopinacone crystallises in microscopic, transparent, well-defined prisms, sparingly 
soluble in boiling alcohol, easily in ether, chloroform and sulphide of carbon. It melf*'’ 
betw*een 170° and 180°, without solidifying again. By fusion and distillation it w 
converted into an isomeric modification. , 

Benzopinacone is intermediate in composition between benzone and benzhyoroi 
(p. 478), and is converted into the former by oxidation witJi dilute chromic acid : 

C"H«0* -HO - 2C"H*®0 + H?0; 

and into the latter by the action of sodiim-amalgam on its alcoholic solution : 
t + 11* - 2C’»H«0. 

Benzopinacone boiled with excess of chloride of benzoyl, gires oflf hydrochloric acid, 
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1 at. water, into a substance having the composition 
C^ofl 0, related to bonzopinacono in the same manner as pinacolin (p. 647) to 
pinacone. By treating the product with strong aqueous potash, exhausting the residual 
powder with ether, and repystallising from boiling benzene, the compound is 

obtained as a white indistinctly crystalline powder, soluble in boiling alcohol, ether and 
benzene, and melting at 182 . It dilfers from benzhydrolic ether (p. 478) by only 2 at 
hydrogen; nevertheless it is not converted into that body by treatment with s^Uum- 
amalgam. 


Bcnzopinacone is converted by fusion or distillation into a 
liquid which has the same composition, but does not solidify even at ~15o This 
modification of benzopinacone is a syrupy, strongly refracting liquid, which boiis with- 
out decomposition at 297-60 under a pressure of 0*733 met., and has a specific gravity of 
1-10 at 19®. ^ By transmitting a cone of light through it in a darkened spacv, a blue 
fluorescence is produced. It dissolves easily in cold alcohol, ether and benzene With 
chloride of benzoyl, it gives off hydrochloric acid, but forms a fluid, not a solid product. 

Solid Isobenzopinacone , — When the liquid modification just described is left to 
itself for some months, it solidifies gradually but completely^ forming a substance which 
dissolves easily in cold alcohol, ether and benzene, and melts at 31®, whertjas the 
melting-point of ordinary benzopinacone is between 170° and 180°. It is converted 
with extraordinary facility into the fluid modification, re maining in the liquid form 
when its solutions are left to evaporate, and undergoing complete liquefaction when an 
attempt is made to pulverise it. 

Both the liquid and the solid modification of isobenzopinacone, when treated with 
sodium-amalgam, are converted, like benzopinacone itself, into benzhydrol. 


pzxrcBascx. 

copper to 1 pt. zinc. 


An alloy of copper and zinc, usually containing about 9 pts. 
(See Copper, Aixoys op, ii. 49.) 


PZlsrS-OZXi OP Fir-oil. These names are applied to certain oils n-scmbling oil of 
turpentine, obtained in various ways from pine and fir-trees. An oil of this kind is 
extracted in the Black Forest from the seeds of Finns picea and Pmns ahies. It is 
limpid, of golden-yellow colour, very mobile, dries rapidly, and does not solidify till 
cooled to about —30®.^ It is used in tho preparation of colours and varnishes 
(Gerhardt’s TraiU^ ii. 901). A similar oil, formerly used in mcjdicine, is prepared 
by distilling the young branches and needles of the dwarf pine {Finm P^mUio) with 
water. It is mobile, has a faint yellowish colour and agreeable balsamic odour ; a 
specific fp*avity of 0*893 at 17®; and boils at 152®. By rectification with water and 
dcliydration over chloride of calcium, it is obtained colourless. Hydrate of potassium 
immersed in it becomes covered with a bixiwn resinous substance. By repeated treat- 
ment with potassium and rectification in a stream of carbonic anhydride, it yields a 
hydrocarbon, less fragrant than the original oil, having a specific gravity of 

0 875 at 17°, boiling at 161°. This hydrocarbon is Ijevo-rotatory, a stratum 26 c. m. 
thick turning tlie plane of polarisation 18® to tho left. It absorbs hydrochloric acid 
gas, forming a yellow liquid compound C'®H'®.HC1, of specific gravity 0*982 at 17®, and 
Bmelling somewhat like oil of thyme. (Mikolasch, Jahresb. 1860, p. 478.) 

The following are tho quantities of oil extracted by sulphide of carbon from the seeds 
of various species of Pimes (dried at 100®). The shelled seeds of Pinus syhestris y\M 
from 20*3 to 23*4 per cent, oil ; of P, Ptcea, 7’8 ; unshelled seeds of P. Cemhra, 29*2 ; 
shelled seeds of the same, 36*6; unshelled seeds of P. Strohus, 29*8 ; of P. AbieSy 20*6 ; 
of P. LariXy 17*8 ; of P. PumiliOy 17*5; of P. canadensisy 11*4 — 12*9; of P. maritimay 
2*2*6 — 26*0. All the seeds examined were several years old. (Wagner, Dingl. pol. 
J. clx. 466; Jahresb. 1860, p. 714.) 

PZIi'B-RSBZirB. a. Besins of Turpentine . — Turpentine, the resinous juice which 
exudes spontaneously, or from incisions in the stems of firs, pines, and other coniferous 
trees, is a mixture of a volatile oil (C‘®H‘*) with a resin called colophony, 

(i. 1087), probably formed by oxidation of the volatile oil: 

2C'®H'® + 0* « C*®H*®0* + H*0. 

This resin is chiefly a mixture of two isomeric acids, namely, syl vie "^bich is 

crystalline, and pinic acid, which is amorphous. The turpentine which exudes 
the winter months from incisions made towards the end of autumn, solidifies round the 
edges of the incisions in opaque yellowish-white crusts, called gallipot, consisting of 
a mixture of essential oil of turpentine with another crystalline resinous acid, called 
pimaric acid (p. 644), likewise having the composition C'‘*®H*®0*. (See these several 
acids ; also Tubpentinb.) « i i 

3. Besins of Finns sylvestris, — The needles of the Scjfcb fir oontein 
resinous matters, which have been examined byKawalier(W len. Akad. ^er. xi. 344 
xiil 325). 
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PINEY TALLOW--PINICORRETIN. 


1. Kinoimis acid, [?], — To obtain this acid, the noodles are cut up and 

boiled with alcohol of 40° ; the alcoholic decoction is distilled in the water-bath, the 
greater part of the volatile oil then passing over with the alcohol ; and the distillate is 
mijced w'ith water. It is thercliy separated into a dark green resinous mass coiitainiiv/ 
ceropic acid (i. 836), kinovous acid, a small quantity of volatile oil, and a turbid 
w'atery liquid in which pinipierin, sugar, traC(‘S of citric acid, oxypinitaniiic acid, and 
pinitannic acid remain dissolvtjd. The needles exhausted with alcohol still contain a 
little pinipierin and jolly. The resinous mass is dissolved in alcohol of 40° ; an alio- 
holic solution of neutral acetate of lead is added, which throws down impure ceropate 
of lead; sulphydric acid gas is passed into the filtrate; and the precipitated mi xiupo 
of <rljtoropliyll and sulphide of load is soparated by liltration. The now yellow filtrate 
di’posits, after the alcohol has been distilled off, a semi-fluid resin, whicli dissolves in 
very dilute potash-ley, to a light brown liquid, from which the rttiim may he preoipi- 
tatod, ill comhinathm with lirno, by chloride of calcium. These resins are filtered otf 
and wasliftd with watc-r, and the filtrate and wash-w'ater are pn*cipitatcd witli a slight 
excess of hydrochloric acid, wdiereby faintly yellow flocks of kinovous acid are precipi- 
tated, to he purified by redissolving them in dilute potash, treating tlie solution with 
animal charcoal, and precipitating the filtrate with hydrochloric acid. 

Kinovous acid is a white, or slightly yellow brittle mass, yielding a strongly electric 
pow’der. Its solution in lime-water yields, with nitrate of silver, a precipitate having, 
axicording to Kawalier, the composition 20**II''*0*.5Ag*O.IT‘0. 

2. 7?<.s/w, — The cortnpound of resin and lime, precipitated by chloride of 

calcuini in the preparation of kinovous ackl, dissolves almost completely in ether ; and 
if the solution bo evaporated, the residue digested in alcohol of 40°, the solution again- 
evaporated, and the residue treated with dilute hydrochloric acid, chloride of calcium 
dissolves, and a hrownisli -yellow resin is left, having the composition just mentioned. 
When distilled with hydrate of calcium, it yields two oils containing respectively 

and C^H“0, both of wliich, when twice distiUe<l over phosphoric anhydride, 
are converted info an oily hydrocarbon, C’®1I*®. The resin dropt in the fused slatu 
upon soda-lime Jieated to 220°, splits up into oily products comparatively rich and 
comparatively poor in oxygen (Kawa-lier). See Gmdin's Handbook, xv. 33. 

PXXril'Y' TA3b1bOW or Malabar tallow. A fat obtained by boiling the fruit of 
Valeria indica, a tiliaceous tree indigenous in Malabar. It is a wliitish-yellow, waxy 
mass, luiving a faint agreeable odour, a density of ()-962e'5, melting at 37‘5°, slightly 
Boluble in cold alcohol. According to Marctd and Babington, it cont ains 77*0 per cent, 
carbon, 12*3 hydrogen and 10*7 oxygen. {Gmelhds Handbook, xvi. 400.) 

PZnrGTTXTZS. A mineral from Wolkenstein in Saxony, resembling chloropfil 
(i. 921), but having a greasy feel and specific gravity 2’3 — 2’35. Contains, according 
toKersten (8chw. J. Ivi. 9), 36*90 silica, 1*80 alumina, 29*50 ferric oxide, 6*1 () 
ferrous oxide, 0*4 manganous oxide, 0*45 magnesia and 25*11 wiitcr, which may bo 

represented approximately by the formula (2lV'O.3SiO*).4(h(rO’.2SiO'^).30H''*O. 

GraweniU from Mcngenberg in the Siebengebirge, has nearly the same composition, 
viz. 38*39 per cent. SiO^ 0*87 AlW, 25*46 Be'-U^ 0*56 CaO, 0*67 MnO, 0*75 MgO 
and 23*36 water. (Bergemann.) 

PXXXC ACZ3>. Amorphous resin of colophony, Alpha-resin of turpen- 

tine. (Berzelius.) — This acid, isomeric with sylvic and with piinaric acid, constitutes 
the principal portion of colophony and appears to be identical wdth iimoi’jihous piinanc 
acid (p. 644). To extract it from colophony, that substance is treated with cold alcohol 
of 72°, which dissolves it in preference to the crystallisable sylvic acid. The liquid 
precipitated by an alcoholic solution of cupric acetate, yields a salt whence the piuic 
acid may be separated by means of any mineral acid. 

Pinic acid is an amorphous resin, exactly like colophony, insoluble in water, but soluble 
in alcohol, ether, and oils, both fixed and volatile. It melts when heated, and decom- 
poatd at a higher temperature. With the aid of heat it decomposes carbonates, and 
separates the fatty acids from the alcoholic solutions of their soaps. (Unverdorbon, 
Pogg. Ann. xi. 27.) 

VZirXCOlWBTZir. C«H“0»[?]. (Kawalior, Wien. Akad. Ber. xi. 359 .)— A 
^bstance occurring in the bark of tho Scotch fir (Pinus sylvestris). The bark of the 
upper parts of the stem, after being freed from the outer rind, is cut in pieces, and 
boiled with alcohol of 40 per cent. ; the ceropic acid which separates from the d<^coction 
on cooling is soparated by filtration ; the greater part of tlie alcohol is evapopted ; the 
residual -liquid 18 mixed with water; iind the turbid solution is treated with neutral 
acetate dflqad, whereby pinicortannic acid and pinicorrotin are precipitated, while cor- 
t/epinitannic acid (ii. 86) and sugar remain in solution. The washed lead-preciphatt^ 
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with vory diliifo acotic ncid, Hrparatfs into pinicortannic acid {mfra\ whicli 
dissolves (and may be obtained by precipitatiiin; with basic acetate of lead, decomposing 
tlie precipitate with sulphydric acid, and evaporating the filtrate out of contact with 
jiir), and a dark-coloured glutinous residue, soluble in strong alcohol. On treating the 
(iolution with snlphydric acid, and evaporating the filtorod liquid, pinicorretin remains 
hcliiiid, and may be purified by solution in alcohol. 

Pinicorretin is a black-brown glutinous mass, very slightly soluble in ammonia. The 
{inimoniaeal solution yields, with chloride of barium, red-brown flocks containing: 
4ha"0.3C*^H»»0^ ^ 

PXXrXCO]tTAlirN;XC ACXB. C^nn)«[?]. (Kawalier, Wien. Akad. Per. xi. 
,31)0.) — All acid occurring in llie bark of si/lvcsfn.s, and obtained, as above, in 

the preparation of pinicorretin. It is also produced wlicn the solution of cortepinitannic 
Hcid(ii. 85) is evaporated in contact with air. It is a red-brown powder, converted by 
boiling with water containing hydrochloric acid, into a l>nglit red powder containing 
3C'“I1-®0’®.IP0. Its aqueous solution colours ferric chloride green. 

PXNZPZCRXXr. C«IP«()'h (Kawalier, Wien. Akad. Ber. xi. 350, xiii. 515.)— A 
bitter sulistanco occurring in the needle.s, inner bark and outer bark of the Scotch fir 
{^Phnis sylvcstris)^ and in the green parts of Thuja occidfutaiis. 

Preparation . — The comminuted needlfs of the Scotch fir (or branche.s of Thuja) are 
exhausted with alcohol of 40^ ; tlic alcohol is dist illed off from the de»‘oction ; and the 
residue is mixed with W'ater, which separates a green mass of resin (serving for the pre- 
2 )aration of kinovous acid, p. 049), while the supernatant t urbid liquid retains in solution 
pinipicrin, sugar, traces of citric add, oxyj)initannie acid, and pinitaiinie acid. This 
lifjuid is mixed with a few drops of neutral acetate of h'ad, whieli reiidiU’s it filfrable; 
llie filtrate is mixed with excess of that reagmit, wlileh throws down oxypinitunnate of 
lead; then, after another filtration, pinitannato of leail is pnxiipitaliHl by the basic 
acetiito; Ibis is also .s<-parated by filtration aft(U’ tlie. liquid has t.-ooled ; and the filtrate 
is saturated with sulpliydric acid. Thi^ liquid, freed from sulphide of Icjid and evapo- 
rated in a .stream of car])onic acid, h?aves a resit! ue of the consistence of an extract, 
from whicli anhydrous etlier-aleohol (‘xf pacts tlu^ ])inipierin .ond leaves the sugar. A 
siiuill quantity of foreign mutter is precipitated from the solution by basic acetato 
ul'leiid; llie filtrate is treated with sulphydric acid; the sulpliide of hwl is removed, 
iind the liquid evapiorated. By repeatedly dissolving tlie resitlne h‘ft after tlie ether- 
ivlcohol has been distilled off, in fresh quantities of anhydrous alcohol containing ether, 
as long as any insoluble matter is left, and evaporating the solution, pinipicrin is at 
b'ligth obtained, still, liowevcr, contaminated with acetic acid, which adheres to it ob- 
stinately, but may be removid liy agitation with a little pure ether (whicli, however, at 
the same time, removes a little pinipicrin), Tlie needles, after (exhaustion with alcohol, 
still retain a little pinipicrin, wliicli may be obtained from llie aqueous decoction in the 
same manner as from the alcoholic. 

Properties . — Ifinipiicrin is a bright yellow powder, which softens at 65^, becomes 
viscid at 80°, transparent and mobile at 100°, and solidifies on cooling to a brownish- 
yellow, brittle, friable ma.s.s. It is hygroscopuc, and has a strong bitter taste. It is 
very soluble in icater^ dissolves also in alcohol., cther-alcokol, and aqueous ether, but not 
in pure ether. 

Ihnipicrin swells up strongly when heated on platinum-foil, and loaves a difficultly 
combustible charcoal. The aqueous solution, when heated, Instantly gives off the 
odour of ericinol (ii. 499), and is conipletel}’^ resolved into this substance and glucose: 

+ 2IPO = 2C®II'‘0* + C'®TT*®0. 

In contact witli emulsin, it emit.s an odour of volatile oil, but the action soon ceases. 
(Kawalier, Wien. Akad. Ber. xii. 549.) 

PZXriTAKrxrXC ACXD, (Kawalier, Wien. Akad. Ber. xi. 357; 

xxix. 19.) —This acid occurs, together with thujin and thnjigonin, in the green p^rts 
of the common Arhor vit(B {Thuja occide^italis'), xmiX is precipitated, partly ftom the 
aqueous extract, together with thujiu, by neutral acehite of lead, partly, together with 
thujigenin, on subsequent addition of basic lead-acetate, ^ remaining in solution when 
ftic'jso precipitates arc deeompo.sed by sulphydric acid, and the thujin and thujigenm 
have crystallised out. The mother-liquors are then evaporated to dryiK’ss ; the pinit annic 
ttoicl extracted by anhydrous etlier-alcohol ; the filtrat e quickly evaporated to dryness 
ov('r tlie water-bath ; and the remaining acid dried in a vacuum over oil of vitnol. ^ 

Pinitannic acid occurs also, togfithor w'ith oxypiiiitarmie acid (p- 319) and pinipmrin, 
hi the needles of old Scoteli fir trees, and is obtained ns a lead salt iii the ppeparation 

pinipicrin {vid. sup.), by preeipitafioii with basic ae(4a,1o ot lead, atter tJiti ox^uni- 
^nni(* acid has been precipitate d by ihe neutral ao tate. Tlie washed precipitate is 
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decomposed by sulphydric acid, and the liquid is heated with the sulphide of lead, then 
filtered, and evaporated to dryness in a stream of carbonic anhydride. 

Pinitannic acid is a yellow-red, or if prepared from Thi\ja, a brownish-yellow powdep 
having a sliglitly bitter astringent taste, becoming soft and glutinous at 100®. It disl 
solves readily in water ^ alcohol^ and ether ; does not precipitate solution of gelatin. 
The aqueous solution colours ferric chloride dark brown-red, forms yellow precipitates 
with neutral and basic acetate of lead ^ and precipitates cupric sulphate and silver-nitrate 
the latter on addition of ammonia. Wlien boiled with a small quantity of stannic 
chloride^ it imparts a permanent yellow dye to woollen stuffs mordanted with alum or 
tin -salt. 


PXMrZTS. (Berth elot, Ann. Ch. Phys. [3] xlvi. 76; Chim. org. ii. 

213. — Johnson, Sill. Am. J. [2] xxii. 6; 6rm. xv. 212.) — A saccharine substanco 
contained in the sap of the Pinus Lamhertiana of California. It is deposited from the 
aqueous extract of the crude hardened juice, in hard white radio-crystalline nodules 
of specific gravity 1*62 ; as sweet as sugar-candy, very soluble in watery nearly irisolublo 
in absolute alcohol. It is dextro-rotatory, not fermentable and does not reduce solution 
of potassio-cupric tartrate.y even after treatment with sulphuric acid. It is decomposed 
by hot nitric acidy with formation of nitro-compounds and a small quantity of oxalic 
acid. With an ammoniacal solution of lead-ojcctatey it forms a precipitate containing 
C«H‘*0*.2Pb"0. With acids it forms ethers analogous to the manuitanides and 
dulcitanides : thus with it fonns dibenzopinite, 

■+• 2C'II*0® — 2H*0, and tetrabenzopinite* + 4C^H®0* ~ 
2H*0; and analogous compounds with stearic acid. All these compounds are ncutraL 
With tartaric acidy it forms pinitartaricacid, + 6C^H*0® — 


6H*0, which yields calcium-salt containing C*®H**Ca''0*®. 611^0. 

PZirZTB is also the name of a mineral formed from dichroite (ii. 320) by the 
action of alkalino waters. It occurs in six- or twelve-sided prisms, with cleavage 
often indistinct, sometimes basal ; colour grey to greyish-green or b:^wn. Hardness 
s= 2*6. Like other minerals formed by decomposition of dichroi'tc, it is not perfectly 
definite in composition, but exhibits various stages of transition between dichroite and 
mica. 

Analyses : a. From near Schuoeberg in Saxony : blue-green mass covered with a 
micaceous crust (which was removed as completely as possible previously to the 
analysis) (Rammelsberg, MhieralchemUy p. 836). — h. From Penig in Saxony, 
similar to the preceding, but with a red crust rich in ferric oxide (Hamm el sb erg). 
c. From Stolpen in Saxony: so called prismatic mica; red (Massalin, Trommsd. 
N. J. iv. 2, 324). — d. From Saxony; specific gravity = 2*75 (Marignac, Bibl. univ. 
1847, iv. 167). — e. From Auvergne; a. C. Gmelin (Kastn. Arch. i. 226); A Irom 
St. Pardoux (Rammelsberg) ; y. Specific gravity = 2*74 (Marignac).-—/. From 
Mont Breven in the valley of Chnmounix ; specific gravity « 2*84 (Marignac). 
g. From Diana, New York: green six-sided prisms of specific gravity 2*75; decom- 
posible by acids (Brush, J, pr. Chem. Ixxv. 463). 
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PZarXTOZD. This name is applied to certain minerals more or less resembling 
pinite in composition and physical characters. — a. Greyish-green or greenish- white 
nodules of crystallo-granular structure, specific gravity 2*7888, and hardness about 2 A 
occurring in the felsite-tufa of the Zeisigwald near Chemnitz (A. Knop, Jahresb. 1869, 
p. 794). — b. Pscudomorphs after felspar occurring in decomposed porphyry, from the 
Klitzschmiihle near Oberwiesa (after separation of the felspar-sand by levigaUon) 

(Knop). c. A fine-splintery decomposition-product of oligoclase (hardness 

imbedded in the porphyritic granite of Sasbachwaldon in the northern part of the 
Black Forest (F. Sandberger, Jahresb. 1861, p. 1008). — d. A mineral framing the 
substance of vegetable petrifactions ih the phyllite of Petit-Coeur in the Tarantaise, 
Savoy (Terreil, Jahresb. 1861, p. 1008).— c. A li^ht green or white substance of tne 
consistence of kaolin, occurring in clefts of a slate imbedded in the spmferous sana- 
stone of £ms in Nassau (3|S. H ergot, Jahresb. 1862, p. 822) : 
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pXHTOXiU^a A volatile oil produced by the distillation of American pine-resin and 
used as an illuminating material. ’ 


PIWWS. The Stone Pine {Pinua Picm) growing in the south of Europe, yields 
Inr^ro oblong oleaginous seeds (called pigncms by the French) which are used as food ; 
tlieir nutritive power in the di^ state is about equal to that of walnuts ; but in the 
fresh state they are more nutritive than fresh walnuts. According to Payen (Bull. 
Soc. Chim. 1865, i. 235), they contain 6*71 per cent, water, 42-50 fat oil, 39 45 nitro- 
genous matter (nitrogen 6'44), O’oO cellulose, and traces of starch, and 4-14 inorganic 
matter. The seeds exhausted of oil yield 11*87 per cent, nitrogen and 9*04 ash. 

The ash of Pinus Mughus and P. Pumilw^ and the soils on which they grow, have been 
analysed by H. S. Jobson (Ann. Ch. Pharm. xcv. 226 ; Jahresb. 1856, p. 709); the 
latter also by Wittstein (Jahresb. 1862, p. 511); the ash of Pinna sylvestria by 
Ileyer and Vonhausen (Ann. Ch. Pharm. Ixxxii. 180 ; Jahresb. 1852, p. 798). 

Respecting the oils obtainc’d from various kinds of pine, see page 648. For the 
various rosins and other subiitances obtained from the bark and needles of Pinus 
sifloestris, see Kawalier (Wien. Akad. Ber. xi. 344; Ann. Ch. Pharm. Ixxxviii. 360; 
jahresb. 1853, p, 670; Gmelin's Handbook^ xv. 33, 487; xvi, 26); also the articles 
Ceropic Acid, Cortbpinitannic Acid, Ericinod, Kinovous Acid, Oxypinttannio 
Acid, Phlobaphene, Pine-resins, Pinicorretin, Pinicortannic Acid, Pinipicrin, 
PiNiffANNic Acid, Tannkcortipinic Acid, and Tannopic Acid, in this Dictionary. 

PZOTZe ACZB. Syn. with Metamaroaric Acid (iii. 976). 

PZOTOV8 ACZB. Syn. with Hydromargaritic Acid (iii. 206). 

PZPSR. Black pepper {Piper nigrum) yields a volatile oil, having the composition 
of turpentine-oil, and boiling at 167*5®. Specific gravity of the oil 0*864 ; of the 
vapour = 4*73. The oil absorbs a large quantity of hydrochloric acid, without forming 
a crystalline compound. (Soubeiran and Capital no, J. Pharm. 1840, p. 66.) 

The root of Piper methysticum^ or Kawa, has been already described under the 
latter name (iii. 445). 

PZPBKZC j 8CZ1>. C'^H^'O*. (Von Babo and Keller, Disaertation von 

C, Keller, Freiberg, 1856, p. 16. — Strecker, Ann. Ch. Pharm. cv. 317; cxviii, 
280. — G. C. Foster, Chera. Soc. Qu. J. xv. 17. — Gm. xv. 7.)— An acid produced, 
together with piperidine, by boiling piperine with potash : 

C”H'®NO> + H*0 = C‘*H>®0« + C»H*>N. 

Piperine. Piperic Piperi- 

acid. dine. 

Preparation. — 1 part of piperine is boiled with 3 pts. of potessium-hydrate and 16 
to 20 pts. absolute alcohol, the liquid which distils over being continually poured 
back and the process continued for twelve hours, or till a sample of tlie mixture taken 
out of the retort is no longer precipitated by water (V. Babo and Keller) ; or better, 
equal weights of piperine and potassium -hydrate, with as much strong alcohol as 
is required to dissolve both, sire heated for ‘four or five hours to 100® in a closed 
vessel (Foster). The crystalline plates of potassic piperatc which are thereby pro- 
duced in abundance, are separated from the brown mother-liquor, purified by repeated 
erystallisation from a small quantity of boiling water, with help of animal charcoal ; 
then dissolved in water and decomposed by dilute hydrochloric acid ; and the acid, 
which separates as a jelly, is collected, washed, and purified by repeated crystallisation 
from alcohol. Another method is to neutralise the aqueous solution of the impure 
potassium-salt with acetic acid, mix it with a small quantity of solution of acetate of 
lead, separate the lead dissolved in the filtered liquid by sulphydric acid, filter again, 
and evaporate to the crystallising point. (\. Babo and Keller.) 

Properties . — Piperic acid forms yellowish capillary needles ; in the moist state, a 
sulphur-yellow jelly which shrinks on drying. Melts at 160®, sublimes at about 200®, 
partly unaltered, emitting an odour of coumarin, and leaving a brown fused residue. 
Itsreaction is scarcely acid (V. Babo and Keller). It is nearly insoluble in 
dissolves in 270 pts. of cold absolute alcohol, easily in the same liquid at the boiling 
lieat ; sparingly in ether, scarcely at all in sulphide of carbon op rock-oil ; somewhat more 

easily in benzene, . , _ . . . -xv xi • •xx* 

IkcemposiUons, — 1. Piperic add burns when heated in contact with the air, emitting 
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an odour of atiiso, atid IcHnng a <lifficultly combustible oluircoal. — 2. Nascent hydroqm 
(Hodium-amalgiim) converts it into hydro-piperic acid (p. Go4) (Foster). — 3‘ Oil 
vitriol colours it blood-red, and then chars it. — 4. Wlien treated with iodine.^ broniine 
or chlorine, it forms substitution-products. — 5. Concentrated hydriodic avid acts uivju 
it, even below 100°, producing carbonic acid, and a black, uncry stallisable, humus-like 
substance (Foster). — C. In contact with peniaahloride of 2 )h(Hi 2 )ho}'us, \i acquires a 
vorniillion-red colour, and deliquesces after a few days, foriniiig oxychloride of phos- 
phorus, and yielding vermillion-coloured crystals. If the crystals obtained by tlio 
action of pentachloride of phosphorus on piperic acid be mixed with ]hprridiiie y, 
substance is formed which is insoluble in water and potash-ley, but soluble in stro’iKr 
hydrochloric acid, alcohol, and ether. — 7. Hitric acid, even when dilute, converts 
piperic acid into an orange-coloured nitro-corn pound, which, when heated with potassium- 
hydrate, gives off an odour of coumarin (V. Habo and K ell er). —8. Piperic acid added 
to fimd potassium-hydrate containing a little water in excess, is at first dissolved ; the 
mixture then turns brdwn, and gives off* hydrogen, and a mass is formed containing 
protocatechuate [? liypogallate, p. 454], acetate, oxalate, and carbonate of potassinuu 
with a comparatively small quantity of a hiimns-Iiko body, probably a product of 
the decomposition of the protocatechuate. The reaction is probably 

+ 8H*0 = cm^o* + + CO* + 7 m (Strecker.) 

Piperic Protocate- Acetic Oxalic 

acid. chuic acid. acid. acid. 

Piperates. — Piperic acid is monobasic, the general formula of its salts bciucr 
C'-H-MO* or 

Piperate of ammonium, C‘*H®(NH‘‘)0^ forms colourless satiny scales rosonibllmr 
cholesterin. It gives off ammonia slowly in moist air at ordinary temperatures, luoro 
quickly between 100° and 160°, and decomposes between 180° and 200°, omitting nu 
odour of anise (V. Bab o and Keller).- — Piperate. (f potassium, o\)U\m‘<\ 

as already described, or by dissolving the acid in potash-ley, forms 3U‘ll()wisli-wliito, 
silky laminm, probably belonging to the trimetric systtun. When h(;ated it glows 
and emits an odour of anise, and when subjected to dry distillation, yields a small 
quantity of tar containing phenol, and leaves a mixture of charcoal and carbonate of 
potassium. It dissolves sparingly in cold, easily in boiling vvat«T, s}>aringly in alcohol, 
and is nearly insoluble in ether (V. Babo audK oiler). — Tlie sodiuni-satt is precipitati-d 
on dissolving the acid in hot soda-ley, and cooling, as a wliite crystal line powdtT 
sparingly soluble in cold, easily in hot water, and pri‘eipitat(‘d from the aqueous 
solution by alcohol. 

The harimn-mlt, C*TP*Ba"()'*, is obtained! by precipitation, as a loosely cohermil 
mass of microscopic needles, dissolving with partial decomposition in about 5, 000 pts. 
of cold water, more soluble in hot water. It is completely decomposed by passing 
carbonic acid through its acpieous solution. (Foster.) 

The calcium-salt forms slender needles, somewhat more solul:>lo than the barium-salt. 
— The strontium-salt is a white precipitatt'. (V. Babo and Keller.) 

The cadmium-salt is a white powder; the is rose-coloured ; the 

salt is light green and insoluble ; the cupric-salt is precipitated in shmder sky-blno 
needles on mixing tlie pota.ssium-salt with cupiac sulphate, more Mbundaiitl^^ on addi- 
tion of ammonia. — The ferrou.s salt is yellowish- white, insoluble, easily oxidisable.— 
The lead-salt is a yellowish precipitate, which dissolves sliglitl}’^ when heated, and 
Bcpardtes as a white crystalline powder on cooling. — The viagnesmm-salt separates 
after a few days in slender needles, from moderately dilute solutions of piperato of 
potassium and chloride of rajigncsium. — The manyanous-salt forms small, ycllowush, 
silky laminae. — The mercuric-salt is a yellowi.sh- white precipitate, from which potash 
separates mercuric oxide. — The inercurous-salt is a white precipitate reduced by am- 
monia. — The silver-salt, C'^IPAgO^ is obtained as a colourless, scarcely crystalline 
powder by precipitating nitrate of silver with piperato of potassium. It i.s insoluble in 
water and in alcohol; does not lose wciglit at 100°. — The is a yellowish- while 

curdy precipitate. (V. Babo and Keller.) 

Hydropiperlo acid, (Gf. C. Foster, Chem. Soc. Qu. J. xv. 19 ; Gm. xv. 

11). — This acid, which contains 2 at. hydrogen more than piperic acid, is produced by 
the action of sodium-amalgam ^n the latter. When an aqueous solution of potass ic 
piperate is treated^'with sodium-amalgain at a gentle heat for some hours, the addition 
of hydrochloric acid precipitittes hydropiperic acid in oily drops, which gradually 
solidify on standing. It may be purified by crystallisation from a largo quantity of 
boiling water, or by solution in alcohol and treatment with animal charcoal. 

Hydropiperic acid is colourless ; tastelcsjt at first, after a time somewhat burning- 
As depoj^itod from boiling water, it forms long, exceedingly thin, silky needles ; by 
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spontaneous evaporation of its solution, it may be obtained in tolerably large, 

Jjjirfl crystals, apparently nionodinic, and mostly liernitropic. It molts at or 64‘^ ; 
solidifies at about 56® ; not volatile witliout dfronipo.sitiou. It is very slightly soluble 
ill cold water ^ somewhat moee so in hot wafer; the hot saturated solution reaets 
t.rrongly acid ; and on cooling deposits tin? acid in oily di-ops, as long as its temporal nre 
js above the melting point of the latter; the rest separates in long, thin crystals 
i^ml.sup.). The acid dissolves in all proportions in alcohnl, is very soluble in 
dher. , . . 

When heated somewhat above its melting point, it gives olf white fumes, which, 
when diluted with much air, smell like oil of anise, and leave a small, easily com- 
bust ible, carbonaceous acid. -Strong kydrhdio acid discomposes it, below 100®, into 
carbonic acid, and a black linmus-liko body, soluble with Idaek colour in alkalis. 
}'vmmg nitric acid colours it blood-red; ordinary nitric add diluted with its own 
hulk of water, acts violent ly upon it if gently heated, giving a solution from wdiich 
water precipitates a siunifluid nitro-acid. — Oil of vitriol colours it blood-red. — I'liseii 
with excess of hydraUd alkali, it evolves much gas, and the. brown fused mass exhibits 
tlie reactions of hypogallic acid obtaim‘d by the action of hydriodic acid on 

liemipinic acid (iii. 142, 2JJ0) ; see also DncoMuosiTiONs of riFEnic Acid (p. 654). — 
With chl&ridc of ucrtyl af 1 50°, it yield.s hydrochloric acid and a neutral oil, insoluble 
in water and dilute alkalis. 

Hydropiperates, C‘''iT“M0^andC2^H"2M"08. The anmonium^salt, 
crystalliso.s from hot water in small shining scales ; it is easily soluble in hot water, 
(>oiisiderably less soluble in cold. A strong aqueous .solution can dissolve nioi-e hydro- 
^liyerie add, forming a solution from which writer precipitates the excess of acid, and 
which gives, if satiiratod, an almost solid mass of hydropiperate of ammoiriiun, on 
addition of strong aqueous ammonia. — -An acid jjotassiu/n-mlt, =:= 

is obtained by boiling a solution of iiydropiperic acid in neariy 
absolute alcohol with dry carbonate of pota.ssium. It cpystaJlises on cooling in hemi- 
spherical masses of ra'liatirig needles. 

' The harium-salt, crystallises from boiling water in small bundles of 

ij mile-shaped cryst als. 

The caldiim-Aolt, C^‘Tr’'0a '0^, is prepared by boiling the neid with milk of lime, 
tiltering hot, and separating the exe(‘ss of lime by carbonie acid ; or by pi'i'cipitating :i 
rather strong solution of tlie ainmoninm-salt with chloride of calcium. When purified 
by ciystallisation from a niixturo of 2 pt.s 'water and 1 pt. alcoJiol, it forms small 
m-edle-shaped crystals, .slightly soluble in cold water, more solulde in liot water, but 
partially decom})o.sed by it. tiie crystals contain water, which tliey lose at 100®. 

The milver-salt, C*®H"AgO^, is a crystalline precipitate, almost insoluble in cold 
water, easily altered by exposure to light, or by solution in hot w'atiu’. 

The liydropiporates of the other metals are mostly preeii)itates insolulde iq cold 
water. 

Hydro'piperate of Ethyl, C“ir«0^ ^ G>'H"(C‘TP)0*, is obtained by healing a 
solution of hydropiperic aeid in absolute alcohol saturated with hy drochloric acid for 
4 or 5 hours to 130° in a scaled tube, and purified by solution in ether and treatrneut 
with animal charcoal. It is a brownish-yellow, neutral liquid ; heavier than, and inso- 
liihh'. in, water; not ^dt<•^ed by dilute aqueous potash or ammonia, but decomposed by 
gaseous ainiuonia, probably with formation ot hydro^iperanndc. (h os ter.) 


PZPZ:RZX>X14'Z:. C^H*'N = K ^ 1^’ (Wertheim, Ann. Ch. rharm, Ixxv. 

58.— Anderson, ibid: Ixxv. 82 ; Ixxxiv, 345.— Cahours, Ann. Ch. Phys. [3] xx.ydii. 
7().__Von Babo and Keller, X pr. Chem. Ixxii. 53.— Cm. x. 446 ; xv. 13.)— A 
volatile base produced by the action of alkalis on pipenne. The prodiict ion ot a vola- 
tile base, by hc.ating piperine with soda-lime was first noticed by Wertheim and llo.-h- 
1‘der, who ut first mistook it for aniline, afterwards for picolme. Andi rson and Cahours 
obtained the same base independently of each other, and recognised its separate identity, 
hs chemical relations have been invesiigated ohicHy by limn 

Vrrparation,--\. Wlieii 1 pt. of piperine. is distilled with 1\ to 3 pt.s. of potasli-limo 
in a ritort conneeted with a cooled receiver, a distillate is oblaim^d, consisting of water 
two .listiin't volatilo biiHcs, and a neutral sulKstanco .havinf,' an 
odour. When this erndo liquid is treated witii fragments of canstic jfbtash, a f'ly 
Mbstanee sepamtes, having a strong ammoniaeal odour, “"“I ‘’’f £ 

proportions. This oil, when distilled, passes over almost wholly between >5 a d 08 
but towards the end of the distillation, the tliermometer rises quickly to ilO . dthi . 
•omains stationary. The more volatile product, wlueh forms ‘ X;”/ 

liquid, distito over entirely at lOG® when recUtied; tins liquid i.s pipiiidiui (.Cahoui. ). 
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2. Piperine troated with nitric acid evolves red fumes, and forms a snbstancfl having 
an odour of bitter almond oil, and a brown resin, which dissolves with blood-red colour 
in potash, and when boiled with that substance, yields piperidine in the form of a 
volatile liquid (Anderson). — 3. Piperine is decomposed, as directed at page 653 by 
boiling with alcoholic potash, into piperidine and piperate of potassium ; and the mothor- 
liquor separated from the crystals of that salt is distilled into a .receiver containing 
hydrochloric acid, whereby hydrochlorate of piperidine is obtained. ° 

Properties, — Piperidine is a colourless, very limpid liquid, having a strong ammoni- 
acal odour, but recalling also that of pepper, anti a very caustic taste (Anderson). 
Blues reddened litmus strongly. Boils at 106°. Vapour-density =*: 2-958 (Cahoups)' 
calc. (2 vol.) = 2-946. It dissolves in all proportions in water, fonning a strongly 
alkaline liquid which reacts with saline solutions like ammonia, excepting that it does 
not redissolve the oxides of zinc and copper. Piperidine dissolves also in alcohol ; it 
coagulates white of egg after a quarter of an hour. 

Nitrous add acts violently on piperidine, forming a heavy aromatic liquid. Vapoui 
of cyanic add passed into piperidine forms piperylene-carbamide (piperyl-urea) : 
C*H*‘N + CNHO == C®H’*N'‘0. Oyanate of methyl and cyanate of ethyl form 
similar compounds, with 1 at. H replaced hv 1 at. methyl or ethyl (see Carbamide, i. 
757). — 3. iodide of methyl, chloride of benzoyl, &c., it forms substitution-products 

Containing 1 at. of an alcoholic or acid radicle in placo of 1 at. hydrogen (p. 667). 

Salts of Piperidine, — Piperidine saturates the strongest acids, and forms orys- 
talline salts with - sulphuric, hydriodic, hydrobromic, hydrochloric, nitric and pxalic 
acids. (Ga hours.) 

The hydrochlorate forms long colourless needles, easily soluble in water and alcohol, 
volatilising at a moderate heat and not altered by exposure to the air. The solution 
forms with trichloride of gold small needles of a fine yellow colour, and with Utraehlo- 
ride of platinum, long orange-coloured needles, 2(C®II*’N.nCl).rt‘''Cl\ very soluble in 
water, less soluble in alcohol (C ah ours). With dichloridc of platimm piperidine 
forma the compound (C^H"N)‘'^PrCP, the solution of which in a large quantity of 
boiling water deposits the piperidine-compound analogous to Magnus’s green ammonio- 
chlorido of platinum. (See Plattnum-basbs.) 

Hydrwdate of Piperidine, C*Il**N.ni, crystallises in long needles resembling tho 
hydrochlorato. — The nitrate, C*II'*N.IINO’, forms small needle-shaped crystals.— The 
oxalate forms delicate needles. 

Piperate of Piperidine, is obtained by dissolving piperic acid in 

aqueous piperidine, as a crysUlline pulp, and on dilution, in colourless laminae having 
a silky lustre. In contact with the air or with oil of vitriol, it turns yellow from loss 
of piperidine. It melts at 100° without further alteration, and when strongly heated 
gives off piperidine and decomposes. When heated for some time to 160°, it becomes 
partially insoluble in water, but if then dissolved in an alkali, it yields unaltered pipenc 
acid when decomposed by acids. With pentachloride of phosphorus, it behaves like 
pipette acid. (Babo and Keller.) 

The sulphate, (C‘H"N)’H*SO\ obtained by saturating the base with sulphuric acid, 

, , is cryitaUisable, deliquescent, and ve^ soluble in water. A solution of 1 at. of this 
salt, &)iied with 2 at. cyanato of potassium, yields piperylene-carbamide and sulphate of 
potassium : 

[(C‘H“)'HN]«H»SO* + 2[*^”|n] = 2 + K*SO‘. 

Compound, of Piperidine with Carbonic JHsulphide, (C*H"N)®CS*, orPiperyl-sulphoear^ 

hamate of Piperylene-ammoniumf (CS)" >g. — This compound is obtained by carefully 

dropping sulphide of carbon into piperidine, and crystallising the product from alcohol 
It cEysts^ises in slender needles belonging to the monocUnic system. 

Substitution-derivatives of Piperidine, 
a. Containing Alcohol-radicles. 

Piperidine eidlibits the characters of a secondary monamine, inasmuch as, when 
heatM with the iodide of a monatomic alcoljol-radicle, it yields the hydriodate of » 
volatile ammonia-base, which when separated by potash, and heated witn a monatomic 
^coholic iodide, unites directly with it, forming an iodide of an ammonium-base. 


formula is therefore probably 
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HCetliyl-ptperldtne. = (C*H'*)"(CH*)N. — Tlie hydriodate is obtained 

by dropping piporidino into an equal volume of eoolcd iodide of methyl : 

+ COT « (C“H'«ncn®)N + HI. 

The aqueous solution of tliis salt treated with potash yields the base as a transparent 
oil of aromatic and ammoniacal odour, soluble in water, V)oiliiig at 118®, and having a 
vapour-density of 3'544 ; calc. = 3*431. — The hydrochloratf\ C‘*H’'*N.IIC1, forms fine 
colourless needles. — The chforoplati7iat(\ 2(C“n**N.HCl).PtCl\ is obtaijied by sponta- 
neous evaporation of its alcoholic solution, sometimes in needles, Horaetiraea in orange- 
coloured plates. (C ah ours.) 

Iodide of Dimethyl-piper ylcnc-ammonium, C’H*®NI = (C^H‘®)"(CH’*)®NI. 

]\Ietliyl-piperidine and iodide of methyl heated together for some days to 100° in a 

eealcd tube, unite and form this compound, which separates from alcohol in fine crystals, 
and when heated, either alone or with solid potash, partly volatilises undecomposed, 
and is partly resolved into methylic iodide and methyl-piperidine. (C a hours.) 

Etbyl-plperidine. C’lI'^N = C‘‘‘H'®(CHP)N = (C®IT'®)"(Cni'^)N.— The hydn- 
odnte, prepared like the corresponding methyl-compound, yields the Imse Viy distillation 
with potash, as a colourless mobile oil, less aromatic than metliyl-piperidino ; lighter 
than water, in which it is less soluble than methyl-piperidine, easily soluble in alcohol 
and ether. Boils at 128°. Vapour-density, ohs. = 3*986; calc. = 3*917. 

The hydrocMornie, G^H’-'N.ITCl, forms beautiful highly lustrous needles. — The 
chloroplaimate, 2(C’H*®N.nCl).PtCP, crystallises from warm aqueous alcohol in very 
beautiful orange-coloured crystals. 

Iodide of Dieihyl-piperylene-ammoninin^ C®H'‘®NI (0’H*®y'(C®n®)®NI. 
—Obtained like the corresponding methyl-compound, as a viscid mass, which dissolves 
iu all proportions in water, but does not crystallise. In contact witli oxide of silver, it 
yields iodide of silver, and a bitter alkalino solution which yields by evaporation, deli- 
quescent cryvstals of hydrate of dirthyl-piperylem^ resolvable by heat into 

ethyl-piperidine and a combustible gak This hydrate dissolves in hydrocliloric acid, 
and the solution when evaporated yields deliquescent crystals of tho hydrochloratv . — 
T\io. chloroplalinat(\ 2C®ll“®NCl.Pt‘Clh is precipitated on mixing the hydrochlorate with 
.'iqueous tetrachloride of platinum, or crystallises on cooling from a mixture of tho 
boiling dilute solutions, in small orange-coloured crystals resembling chloroplatinate of 
potassium. (Ca hours.) 

Amyl-plperidlne, = (C®H'®)XC*H»)N.~Prepared like the preceding 

compounds. Colourless oil boiling at 186°, and smelling like ammojiia and fusel-oil. 
Vapour-density, obs. = 5*477 ; calc. = 5*373. It i.s less soluble in water than methyl- 
or ethyl-piperidino ; forms cry stall i sable salts with most acids. The hydriodate, 
C'»H*‘N.HI, crystallises in broad, white, shining luminre. The cUoroplathiat^ 
!(C‘"Il‘‘N.HCl).PtCl', crystallises from warm moderately dilute alcohol in very hard 
prisma of a fine orange colour. (0 ah ours.) 


Containing Acid-radiclcs. * 

Benzopiperlde, C>*H'®NO = C*H«®(CaPO)N.— By treating piperidine with 
cliloride of benzoyl, a heavy oil is obtained which, when treated with acidulated water, 
yields hydrochlorate of pijjeridiiie, while benzopiporido remains undissolved, and 
quickly solidifies. When purified, by rccrystallisation from alcohol, it forms beautiful 
colourless prisms. 

Cumyl.piperlde, C'^H^^NO = C^H>®(C*®H*’0)N, obtained like the preceding, 
ly the action of chloride of cumyl on piperidine, forms beautiful tabular ciystals. 


BZPBRZDZZrfi-ITRfiA. Seo Cacbamides (i. 757). 

^IPBRUrzi, C'^H'^NO*. (Oersted, Schw. J. xxix. 80. — Pelletier, Ann. Ch. 
Phys. [2] xvi. 344; li. 199. — Merck, Trommsd. N. J. xx. 1, 34. — Wackenroder, Br. 
Arch, xxxvii. 347.— Dufl os, Schw. .1. Ixi. 2*2.— Varrontrapp and Will Ann Ch. 
Harm, xxxix. 283. — Th. Wertheim, Ixx. 58. — Gerhardt, Compt. Clnm. 1849, 

P- 376; Ann. Ch. Phys. [3] vii. 253.— Anderson, Ann. Ch. Pharm. ^xxv.82; Ixxxiv. 
345.-0 a hours, Ann. Ch, Phys. [3] xxxviii. 76.— S ton house, Ann.Ch. Pharni.xcv. 
106, — iVon Babo andKcller, J. pr. Chem. Ixxii. 53. — Strecker, Ann. Ch. Pharm. 
cv. 317.— Gm. XV. 19.— Gerh. iv. 93.) . . , , , , , 

This alkaloid, discovered by Oersted in 1819, exists in long and black pepper 
'^^grum and P. hnqwm), also, according to Stenhouse, in the black pepper of Western 
Cxjtheha Chmi, which does not contain cubebin. According to Landerer 
(^'iorteljahrschr. pr. Pharm. xi. 72), it exists also in tho berries of Schtnus niollia, a 
tr^e belonging to the terebinthaceous order. 

VoL. IV. ® U U 



658 


PIPERINE. 


^ pepper is exhaiisted with alcohol of specific gravity 0-833 ; the 

tinctTire is distilled to an extract ; and this extract is mixed with potash-ley, which 
dissolves the resin and loaves a green powder. The latter is washed with water dig. 
solved in alcohol of specific cavity 0*833 and crystallised. By repeated crystallisation 
the piperino is obtained colourless (Pontet, J. Chim. med. i. 631 ; Berzel. Lehrb 
3 Aufl. vii. 677) — Stenhouse dissolves the extract of cubebs, prepared with wood-spirit 
in alcohol, and mixes it with strong potash-ley, whereupon a brown oil separates, which 
yields crystals on standing. The mother-liquor, if again mixed with alcohol, yields 
another portion of oil, which likewise deposits crystals on standing. Those crystals are 
purified by pressure and recrystallisation. 

Winckler (Mag. Pharm. xviii. 153) distils the alcohol from the alcoholic tincture 
of long pepper ; dissolves the residue in the required quantity of hot alcohol ; precipitates 
the solution with basic acetate of lead ; mixes the filtrate while warm with as much sul- 
phuric acid as is necessary to precipitate the lead ; filters while warm ; distils the 
alcohol from the filtrate ; exhausts the residue with water ; and dissolves the undissolvcd 
portion in hot alcohol, whereupon piperine crystallises on cooling. 

Impure piperine may bo purified by washing with absolute alcohol, or better with 
weak potash-ley. (Henry and P lis s on.) 

Properties. — ^Piperine crystallises in colourless monocfinic prisms, exhibiting the 
combination ooP . oP, sometimes with [ ooPoo ]. Ratio of a; b = 1*468: 1. Angle of in- 
clined axes 6, c = 70° 42'. Anglo ooP: ooP (orthod.) = 84°30';oP: ooP = 760.50' 
(Kopp). It melts at about 100® (Pelletier), at 100® or above (Wackenroder), 
to a pale yellow limpid oil, which solidifies on cooling to a pale yellow transparent, 
strongly refracting resin. The specific gravity of fused piperine is 1T931 at 18°. 
(W ackenroder.) 

Piperine is insoluble in cold, very slightly soluble in boiling water ; soluble in 
alcohol, especially when warm, less soluble in ether. The alcoholic solution has a 
very hot taste like that of pepper. It dissolves also in volatile oils and in acetic acid, 
but not in alkalis. The solutions have no action on polarised light. 


Calculation* Liebig. Pelletier. Regnault. Gerbardt. Laurent. Steubniue. 

mean, mean, mean. 
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Will and Varrentrapp found 4*66 per cent, nitrogen. Regnault (Ann. Ch. Phys. 

[2] Ixriii. 168) first gave the correct formula, which was corroborated by 1/ a u r o n t {ihid. 

[3] xix. 363), and finally settled by Strecker’s investigation. Older formula? : 

(Pelletier); (Liebig, Ann. Ch. Pharm. vi. 36); erhardt^ 

(Wertheim); (v. Babo and Keller). Compare also 0. 

Henry and Plisson (J. Pharm. xvii. 449). 

Ikkompositions. — 1, Piperine blackens by dry distillation, and yields a brown empy- 
reumatic oil, f^m which carbonate of ammonium crystallises (Gnielin). — 2, Heated 
in a platinum spoon, it melts like wax, takes fire at a stronger heat, and leaves an 
easily combustible charcoal (Merck). — 3. Piperine suspended in acidulated water 
and exposed to the action of the electric current^ is violently attacked, as also by hot 
concentrated nitric acid (Hlasiwetzand Rochleder, Wien. Akad. Ber. v. 447). -It 
is coloured blood-red hy oil of vitriol, loses this colour on addition of water, and, if tho 
action of the oil of vitriol has not been continued for a very long time, does not 
appear to be sensibly altered (Pelletier). Bromine converts piperine into a pecu- 
liar, non-crystalline product (Gerbardt). Iodine acts upon it only when the two 
are fused together, forming a dark black-brown mass, which hardens on cooling 
(W ackenroder). — 6. Nitric acid colours piperine greenish-yellow, orange, and then 
red; dissolves it with a yellow colour, the solution yielding dirty yellow flakes when 
mixed with water; and on further action, produces oxalic acid, together with a yellow 
artificial bitter (Pelletier, Oersted, Wackenroder). Strong nitric acid forms 
an orange-red resin, which partly dissolves with deepening colour when heated. Tlifl 
solution no longer yields piperine 'when treated with water or alkalis (D u flos). The 
brown resin which is produced from piperine by nitric acid, with violent action, evolu- 
tion of nitrous acid, and the odour of bitter almond-oil, assumes a splendid blood-red 
colour when treated with hydrate of potassium, and when boiled therewith yields a 
distillate of piperidine (Anderson). Von Babo and Keller, by treating piperine 
with nitroua add, and subsequently distilling it with potash-ley, obtains volatile 
needles which had the odour of coumarin, melted in boiling water, ^ssolved in alcohol 
and ether, and, after fhsion with hydrate of potassium, gave tho reaction of salicylic 
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jic’id with ferric chloride. — 7. By boiling with alcoholic •potaah, plperine is converted into 
piperidine and piperate of potassium (p. 653). When distilled with •potash-lime it 
yields piperidine, together with other products. If the temperature does not rise above 
150*^ — 160°, no ammonia is given off, and the brown residue contains an azotised acid 
which may bo separated by hydrochloric acid; it is yellow, re.sinous, and becomes 
strongly electric by friction. If the mixture of piperine and lime is heated to 200°, it 
gives off ammonia, and the residue often contains an uncry stall isiible non>azotiscd acid 
(Wertheira). Piperine heated with h/drate of potassium molts, gives off a sharp 
cdour of popper, and yields a milky aquooas disrillato ; at a stronger heat, it gives off 
hydrogen and finally ammonia (Gerliardt). — 8. Piperidiuo heated with acid chromate 
of potassiiim Midi sulphuric acid oi? a largo quantity of carbonic anhydride and 
yields a slightly acid aqueous distillate which reduces nitrate of silver (Gerhardt). 
2. Permanganate of potassium added to a solution of piperine mixed with sulphuric 
arid, colours it green after a few hours (Duflos). — 10. Phosphomolyhdic acid colours 
piperine brown-yellow, and precipitates it in flocks (Sounenschein). Piperine also 
forms a yellow precipitate with phosphantimonic acid (p. 498). 

Salts of Piperine. Piperine is but a weak base, and does not form salts with 
all acids. 

Hydrochlorate, — Piperine absorbs from 13 0 to 13‘7 per cent, hydrochloric acid gas, 
forming a product which melts and crystallises on cooling, dissolves in alcohol, but is 
decomposed by water. 

The chloromercurate^ 2C'’’H*®NO*.HCl.TTg"Cl®, is obtained by mixing a solution of 
I pt. piperine in strong alcohol slightly acidulated with hydrochloric acid, and 2 pts. 
of mercuric chloride also dissolved in alcohol, and leaving the mixture at rest for 
fioveral days. It then deposits the mercuiy-salt in yellow, shining, transparent, 
(riclinic crystals which become darker when exposed to the air or heated to 100°. 
(For details of the crystalline form, see Schabus, Bestimmung der KrystallgesUdten^ 
p. 198; also Gm. xv. 23.) The salt is insoluble in water, slightly soluble in 
strong hydrochloric acid and in cold alcohol, more soluble in boiling alcohol. 

Chloroplalmate, 4C'Gl'»N0^271Cl.Pt‘'^CJ*. — Obtained in largo, roseate, monoclinic 
crystals, by mixing a concentrated alcoholic solution of piperiiuj with a concentrated 
alcoholic solution of platinic chloride acidulated with strong hydrochloric acid. It is 
very slightly soluble in water, and appears to bo partially decomposed by a large 
quantity ; moderately soluble in boiling alcohol, wlience it s(»para te.s on cooling as an 
orange-coloured crystalliiio powder. It may be dried at 100° without alteration, but 
molts and decompose.^ witli intumescence at a higher temperature. . 

Iodide of Piperine, — Piperine unites with iodine, forming shining, bluish-black 
needles, soluble in alcohol and containing (Weltzien, Zvsammenstel- 

Img, p. 662.) 

PZPSRXTJE, OZiZSVXMC XMEEXVTHX:, volatile oil of peppermint, is prepared by 
distilling the herb of Mentha piperita with water. It is a transparent, usually 
colourless, but sometimes greenish oil, very mobile, having a pungent odour and an 
.'iroraatic burning taste with cooling after-taste. Specific gravity = 0‘902-#'0'91 
(Blanchet and Sell); 0*899 after several rectifications (Kane): 0*,|9028 at 14 '6° 
(Oladstone). For the refractive and optical rotatory power, according to Gladstone, 
see Oils, VOLATILE (p. 189). Boiling point 188° — 193° (Kane). When exposed to 
eold, or submitted to fractional distillation it deposito Peppermint-camphor or Men- 
thol, C'»II2»0 (iii, 880), in quantities vaiying according to its origin. The porniancntly 
liquid portion of the oil has the composition according to Blanchet and 

Sell; according to Kane (J. pr. Chem. xx. 439). 

PZPERTESXrS-CARBAlIKZES* Piperyl-carbamide or Piperyl-urca, (See 
Carbamide, i. 767-) 

^XPBBYZiEXarB-STnbPBOCAR'BikBKZC ACZB. See Piperidine (p. 666). 

PZPBSTOXrS. A variety of clay-slate. 

PZPBTTB. A vessel with a bulb and narrow neck used for transferring liquids 
(See Analysis, Volumetric, i. 266.) 


^ZBSHTBZTB. Iron lime-garnet. 

^XBOPB. Syn. with Ptropb. 

^ZSAZrZTB. A native sulphate of copper and iron found in a ® 

ctipriferous pyrites in Turkey. It gave by analysis 16-66 per cent. Cu O, 10 ^ Fe ^ 
29*90 SO* and 43*56 water, agreeing with the formula (Cu ; Fe) SO .7H O. (Pisa , 
Jahresb. 1869, p. 811.) 

PZSOZtZTB. Syn. with Pbastone (p. 360.) 

u u 2 
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PZSSOPBAXril. An amorphous or stalactitic mineral occurring at Garnsdorf 
near Saalfeld, and at Reichenbach in Saxony, consisting of basic aluminico-ferric sulphate 
Hardness = 1*5. Specific gravity 1*93 — 1*98. It is transparent, with olive-grpen 
colour and vitreous lustre ; very fragile and exhibits a conchoidal fracture. It has been 
analysed by Erdmann (Schw. J. btii. 104), with the following results: 
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Nos. 1 and 2 are probably SM^O^.SO^.lfiH^O or more exactly 5M*O*.2SO*.30H*O • 
No. 3 is 2M*0*.S0M6H'^0. (Dana, ii. 390.) 

PZSTACZAa The berries of IHsiacia Lcntiscus^ a terebinthacoous plant common 
in Algeria, yield when comminuted and boiled with water, from 20 to 25 per cent, of 
a dark green sharp-tasting fat, which melts completely at 32° — 34°, and may be 
resolved, by partial solidification and decantation of the still fluid portion, into a white 
crystalline fat melting at 34° — 36°, and a dark green fat remaining fluid at 0°. 
(Lepr ieur, R6p. Chim. app. ii. 328.) 

PXSTACZTZS. Lime and iron cpidoto (ii. 390.) 

PZSTOnXESZTB. Syn. with Mesitin-spar (iii. 928). 

PZTCB. Ihix. Peek. This term is applied to a variety of solid resinous sub- 
stances which are generally of a dark colour and brilliant lustre. The conirnon kinds 
of pitch are obtained from some one or other of the various kinds of tar prodiicpd in tiio 
destructive distillation of wood, coal, &c., and are prepared by evaporating off from tho 
tar, the liquid oily substances mixed with the solid resinous matters, until the residuum 
has the desired consistence. 

A certain amount of pitch may in this way be obtained from all kinds of tar ; hut as 
a rule, the tar produced in destructive distillation at high temperatures, and that 
obtained from highly resinous wood and from caking coal, even at comparatively low 
degrees of heat, contains a much larger proportion of the solid resinous substaucfs 
which constitute pitch, than the tar pro<lucod at a low red heat, or obtained from bitu- 
minous minerals whicli do not cake or undergo a kind of partial fusion when lujated. 
(See Tar.) 

Pitch is generally prepared either from Archangel, Stockholm and American tar, or 
from that kind of coal-tar produced in the manufacture of illuminating gas. Efsidt^s 
these kinds there are several varieties of pitch which occur native and are commonly 
termed mineral pitch. (See Asukalt, i. 425.) 

Little is known of the chemical history of the several varieties of pitch ; but in gemTid 
their constitution is probably more or loss analogous to that of other resins, and likn 
these latter, they present specific differences in their behaviour w’ith solventvs, &•■. 
Another kind of pitch, called Burgundy pitch, is employed in medicine, and is the meltevl 
resin^f Ahietis resina or Thus. It is of a yellowish-white colour. B. II. P. 

PZTCB, XBnrZSltAZi. Syn. with Bitumen. 

PZTCBB&BfTDXS. Native oxide of uranium (see Uranium). 

PZTCBSTOBB, A felspathic rock (ii. 623) containing excess of silica, and 
having a pitchy rather than a glassy lustre. 

PZTCBT ZBOnr ORB. A term applied sometimes to triplite (p. 671), some- 
times topitticite {injra), sometimes to a variety of brown haematite. 

PZTBARABTZTB. A dark green mineral from Pitkaranta in Finland, consist- 
ing of an altered hornblende, occurring, according to Scheerer, in crystals having the 
form of augite, and splitting into thin plates parallel to the orthodiagonal. Contains, 
according to an analysis by R. Richter: 61*26 per cent. SiO*, 0*41 APO®, 12*71 Fe"t^ 
0*83 Mn^O, 13*30 Mg"0, 9*17 Ca"0 and 2*52 water. {BammeUberg^ a Mineralchmi^i 
p. 498.) 

PZTOTZStTB. An alkaloid obtained, according to Peretti (J. Pharm.Oct. 
p. 613), from China Pitoya, which is probably identical with China hicolor or Ch. 
Tecames. It is soluble in water, alcohol, and ether, and has a slightly bitter taste, whioh 
is stronger in the aqueous or alcoholic solutions of its salts. It melts at 100°, m|d 
partly volatilises at a higher temperature in very bitter vapours which condense in 
prismatic crystals. It is decomposed by hot strong nitric acid. It is said to be * 
febrifuge. (Handw. d. Ohem. vi. 540.) 

PZTTACAB (from irlrra, pitch, and Ka\6a, ornament or beauty). One of tbe 
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numerous substances discovered by Reichenbacli in the course of his researches on the 
„ilij produced by the distillation of wood-tar. Its composition is unknown. It is 
ybuuned by acting on the heaviest or l(‘ast volatile portion of the oil first with potash, 
nutil the free acids are nearly neutral iseti, and then with baryta-water. In this 
luunin r a deep blue colour is formed. This blue substance is pittacal, probably in a 
v.-ry impure condition. In the solid state it possesses a eoi)pery or hronz(;-like lustre ; 
l)Ut this property *is not characteristic, as it is shared, not only with almost all coal-tar 
colours, but also with indigo and prussian-blue. 

Pittacal app(‘ars to have decided basic characters, for it is dissolved by acids and 
.precipitated by alkalis. It is tasti^less, inodorous, and not volatile without decomposi- 
doii. It is insoluble in water, alcohol, or ether, and no proct’ss is known by which it 
c;\n be separated from otlier substances, or its purity ascertained. It forms a species 
of lake with alumina, and is said to dye a fast blue on vegetable tissues mordanted with 
tin or alumina. Its acid solutions are reddish; but, when diffused in water, it is said 
to have, a greenish tint. 

In many of its reactions, it resembles the colouring matters formed l)y acting with 
oxide of silver or alkalis on the iodides of the animonium-hases derived from certain 
tertiary inonamit>es. Indeed the. late Dr. Gregory in the hist edition of his “ Organic 
Chemistry” (p. 471), suggests that the beautiful coloured compounds obtained by 
treating iodidt^ of elliyl-cliinolyl -ammonium with oxide or sulphate of silver, may be 
identical or homologo\is with pittacal. But it must not be forgotten that those colours 
were yielded only by the bases derived from the products of the distillation of cin- 
flioiiine, and that the same products cannot be procured from the isomeric buses of the 
l. ucoliiie sericvS. On the other hand, the reactions which occur during the formation of 
the blue obtained by acting on a solution of iodide of p(damiue (iii. 573) with potash 
or ammonia, rcmiurkably resemble the phenomena observed in the production of 
ipittaenl. (8eo Amvl-chinoline, i. 873.) The insoliibility in alcohol appears to be 
the clii('f distinction between pittacal and the coloured derivatives from coal-tar or 

emchouine. . i. 

On treating the heaviest bases from coal-tar with solid potasli in the process for 
iviidi:ring them fin hydrous, the fluid (ascertained to he free from copper) often 
Ik coiiu-s of a light blue colour, which seems to indicate the presence of a substance 
lillu'd to the body from which pittacal is derived. 

The interest attaching itself to pittacal is rather incrcascid than lessened by the 
ivsciirches which have beiui made upon the colouring matters of coal-tar, because they 
;'l fftar to show that wood-tar may eventually become a source of new colours. At the 
simie. time, the eomparatively small amount of nitrogen in wood, while limiting the 
formation of alkaloids, points to the heavier and less known non-basicoils as the, diief 
siJiiiTO of new derivatives. 

PXTTXCXTSS. PUtizite. Iron sinter. Piarsenate of^ Iron. Pitchy Iron ore. Kisen~ 
\)cchvrs . — An arsenato-siilphato of iron occurring in reniform masses, having a yellowish 
<'r reddish-brown, blood-red, or white colour, yellow streak and vitreous lustre ; trans- 
lucent to opaque ; hardness = 2 to 3 ; specific gravity « 2 2 to 2-6. 

Analyses.— a. From Freiberg (Stromeyer, Gilb. Ann.lxi.l81).—A.FroraSehwarzen- 
bergin'SaxonyCRaramelsbcrg, Pogg.Ann. Ixxii. 139).~c, d. From feieglitzstoUen 

iii the Kadliausberg, near Gastein ; yellow (Ramm elsborg) ; 
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Thesfl analyses show that the mineral is of varying compositjen. Analysis a may ^ 
^presentedby the formula ( 3 FeW 2 AeW).(Fe'“O^ 2 SO>). 30 HJO ; which eontam the 
»»me salts as ^diadocliite; 6 by (3FeW.2A8’0‘).(Fe“0».3S0>).24H>0, containing 1 at, 
SO* more than the preceding ; c and d are mixtures. 

^XTTXXrXTXS. An impure variety of pitchblende. 

PlAOXOmnCB. A sulphantimonite of lead occurring at 

nation 2P oP P ooPoo . The ciystals are thick tabular; the face oP shining 

« c.% 
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and melts easily, mving off fumes of sulphur and antimonious oxide, and coating the 
charcoal with oxide of lead. 

According to an analysis by H. Bose (Pogg. Ann. xxviii. 428), it contains 21*63 pep 
cent, sulphur, 37 94 antimony, and 40*62 lead, agreeing most nearly with the formula 
Pb\Sb*S‘^ s= 6Pb"S.4Sb^S®, which requires 21*10 per cent, sulphur, 37*86 antimony 
and 40*74 lead. 

PXA.iarSSXTa. A mineral consisting of hydrated aluminic phosphate with cupric 
and ferric hydrates, occurring in fissures of disintegrated quartz at Giimeschefsk in 
the Ural, in botryoidal aggregations having an indistinct fibrous structure, a green 
colour in the recent state, translucent on the edges. Specific gravity = 2*66. It is hut 
slightly attacked by acids, but easily by caustic potash or soda, which dissolves the 
phosphate of aluminium, leaving a brown residue. Analysis gave 33'94 per cent 
P*0», 37*48 APO» 3*78 Cu"0, 3*52 IV'O and 20*93 H*0 (= 99*69), answering to 
the formula 4(3AP0^2I«0^9H^0).3(Cu ; Fe)"H‘0*. (B. Hermann, Jahresh. 18G2 

p. 764.) 

PILAWTAGO. The ash of the sea-side plantain {Flantago maritimd) has been 
analysed by E. Harms (Jahresb. 1858, p. 511). 100 pts. were found to contain 4-97 

per cent, sulphuric anhydride, 0*68 phosphoric anhydride, 3*76 silica, 2-28 ferric phos- 
phate, 1*13 aluminic phosphate, 62*53 cliloride of sodium, 10*37 cliloride of potassium, 
4*71 magnesia, 6-69 lime, and 3*08 potash. 100 pts of the green plant yielded 79*52 
pts. water; 100° pts. of the fresh plant gave 3*91 per cent, ash; of the plant dried at 
100°, 1912 pts. 

PILAXTTSv CBSPKZSTR'P OP. See Phyto-chemistry (p. 636). 

PILASPEA. A faint translucent chalcedony, approaching jasper, having a greenish 
colotir sprinkled with yellow and whitish dots, and a glistening lustre. 

The term plasma is also applied to the simplest form of organised matter in the 
vegetable or animal body, out of which the several tissues are formed. 

PZiASXMCZIf. A name applied by Denis (Compt. rend. Hi. 1239; Jahresb. 1861, 
p. 726) to a constituent of the blood to which ho supposes the property of spontaneous 
coagulation to bo due. It is extracted from i)erfectly fresh blood, by adding a satu- 
rated solution of sulphate of sodium of the vol. of human blood), filtering the 
natant liquid from tJie blood-globules after some hours, and saturating it with pulverised 
cliloride of sodium. The plasmin then separates in flocks. It is soluble in water, is 
not altered by careful drying at 40°, but loses its solubility in water when heated to 
100°, or by contact with acids and allailis, even when very dilute. The solution in 15 
to 20 pt.s. water solidifies after a few minutes to a colourless transparent jelly, which 
by pressure between paper is converted into fibres of fibrin. 

PILASTER. A pharmaceutical term for lead-soaps (iii. 560). 

P3bASTEXt OP PARXS. Gypsum heated and ground up. It is thereby ren- 
dered anhydrous, and when subsequently mixed with water, quickly takes up tho 
water of hydration which it has lost, and is converted into a hard substance which ex- 
pands in solidifying, so that it accurately fits into any mould into which the pasty mix- 
ture is poured ; hence it is much used for taking casts of statues, medals, &c. (See 
Gypsum, ii, 963.) 

PEATA AZ17E. A term applied in the Mexican mines to an ash-grey or black 
mineral regarded as carbonate of silver ; also called Selbitb. 

PEATA VEXKBE. Native bromide of silver. (See Sllybb.) 

PEATAlUlIlKOlirZlTM. A hypothetical base, supposed to exist in the 

diammonio-platinous compounds. (See Peatihum-bases. ) 

pibATAESSXrETBYUVM. AsXC^H*)Tt^ (See Absehic-radicles, Oboanic, 
L 400.) 

PEATZXTA. The old name of Platinum. 

PEATZXrzC and PEATZEOUS COSKPOUITBS. (See Platinum, p. 666.) 

PEATZZnnMC. Atomic weight 197*4. Symbol Pt, This metal was discovered in 
the auriferous sand of certain rivers^ in America. Its name is derived from the 
Spanish word platina, a diminutive of plata, silver, and was appHed to it on account 
of its whiteness. It occurs in the form of rounded or flattened grains of a metallic 
lustre. It has been found iu Brazil, Mexico, California, Oregon, St. Domingo, and 
on the eastern declivity of the Ural chain ; in small quantity also in certain copper-ore^ 
from the Alps ; it is everywhere associate with the debris of a rock, easily recognJ«na 
as belonging to one of the earliest volcanic formations. 
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The grains of native platinum contain from 75 to 87 per cent, of that metal, a 
quantity of iron generally sufficient to render them magnetic, from i to 1 per cent, of 
palladium, but sometimes much less, with smaller quantities of copper, rhodium, 
osmium, indium, and ruthenium. To separate tlie platinum fi-om these bodies, the ore 
is digested m a retort with hydrocliloric acid, to which additions of nitric acid are 
made from |irae to time. When the hydrochloric acid is nearly saturated, the liquid 
,s evaporated in the retort to a syrup, then diluted witli water, and drawn off from the 
^soluble residue If the mineral is not completely decornt>osed, more nitro-muriatic 
acid IS added and the distillation continued. A portion always remains iindissolved, 
consisting of grains of a compound of osmium and iridium (iii. :.24 : iv. 240), and 
little brilliant plates of the same alloy, besides foreign mineral substances which may 
be mixed with the ore The solution is generally deep fed, and emits chlorine from 
the presence of tetrachloride of palladium ; to decompose which, the liquid is boiled, 
whereupon cldorme escapes, ami the palladium is reduced to dichlorich^ Chloride 
of potassium IS then added, which precipitates the platinum as a sparingly soluble 
double chlorid^e of platinum and potassium, leaving the. palladium in solution. The 
precipitate, which has a yellow colour if pure, but red if it is accompanied by the 
double chloride ot indium and potassium, is collected on a filter, and washed with 
a dilute solution of chloride of potassium. By igniting this double salt with twice its 
wciglit of potassic oarbonato the platinum is reduced to the mt'tallic state, while 
a poil-ion of the iridium remains as trioxide. The soluble piohissiuni salts are 
then removed by washing with hot water, and the platinum is dIs.solved by iiitro- 
munatic acid, which leaves the trioxido of iridium unclissolved. To complete the 
separation of tlio iridium, the precipitation by chloride of potassium and ignition 
with carbonate of potassium may require to be repeated several times. The phitinum- 
solution thiis^ frec'd from iridium is mixed with sal-ammoniac, which throws down a 
yellow precipitate of the double chloride of platinum and ammonium. From this pre- 
cipitate, when heated to redness, chlorine and sal-ammoniac aro given off, and the 
pliit.inum remains in the form of a loosely coherent mass, called 
When it is not required to have platinum absolutely pure, the solution first obtained 
from the ore is precipitated by sal-ammoniac, and the precipihite is treated in the, 
nninner just described : much^ of the platinum of commcTce is obtained in this way. 

I lie small trace ot iridium which is left in commercial platinum greatly increases its 
hardness and tenacity. 

Phit.imim is too refractory to be fused in coal furnaces: but at a high tomperature its 
jiartielcs cohere likts those of iron, and it may, like that metal, be welded and thereby 
rendered malleable. For this purpose the spongy platinum obtained by igniting the 
cliloroplatinato of ammonium, is rubbed to powd(T very gently between the hands, 
pressed through a linen bag, and the coarser particles wliich remain in the bag are 
triturated in a wooden mortar with a wooden pestle, not with any harder substance, 
because the platinum would then acquire the metallic lustre, and would not weld so 
easily as in the contrary case. The powder is finally triturated with water, and the finer 
particles separated from the coarser by elutriation. The whole of tlio finer powder is 
then mixed up with water to a uniform paste, and pressed into a brass cylinder 
inches high, 1*12 inch in diameter at top, and i'23 at bottom, and having its lower 
and wider end accurately c1os(k 1 with a steel stopper, which goes in ^ of an inch, 
anil is wrapped round with bibulous paper, by which the running off of the water is 
facilitated. The interior of the cylinder is smeared with grease, and the cylinder 
being placed in a glass full of water, is itself filled with water, and then completely 
filled with the platinum-paste. In this manner all cavities and inequalities are 
avoided. On the platinum-paste is laid, first a sheet of blotting-paper, then a layer of 
woollen cloth, and part of the water is pressed out of it by means of a wooden cylinder 
held ill the hand. A plate of copper is then laid upon the paste, so that the cylinder 
inay 1)6 introduced in a horizontal position into a very powerful lever-prc.ss, in which a 
stamp presses on the copper plate. After the pressure, the steel stopper, which clo.ses 
the lower end of the cylinder, is taken out, and after it the now solid cake of platinum. 
The cake is heated to redness to drive off the remaining water and the grease, and 
render it more compact. It is then placed in an air-furnace having a very strong 
draught and fed with good coke, and exposed for twenty minutes to an intense heat, 
which is diminished during th(? last five minutes. In the furnace, the cake is laid 

one of its ends on a plate of refractory clay strewn with pure sand, and placed 
2^ inches above the grate, and a cylindrical pot is inverted over it in such a manner 
Jis not to touch th(> platinum at any point. The cake, while still red hot, is taken 
from the furnace, laid down on one of its bases, and struck repeatedly on the other with 
a heavy hammer. Should it bend, it must not on any account be ban mered on the 
as that would break it, but must be straightened by well-directed blows on the 
fnds. When the cake has been sufficiently condensed by this treatment, it may be 
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brought into any required form by heating and hammering, just like any other ductile 
metal. If the platinum has become covered, while in the Are, with ferruginous 
scales, it must be coated with a moist mixture of equal measures of borax and cream 
of tartar ; heated to redness in an air-fumaco on a platinum tray, over which an 
earthen pot is inverted ; and immersed, while still hot, in dilute sulphuric acid, which 
dissolvi's the flux in a few hours. — The specific gravity of the cake (with its in- 
terstices), after pressure, is about 10*0; after strong ignition, from 17*0 to 17*7; after 
hammering, 21*26 ; after drawing out into thick wire, 21*4 ; and after drawing out into 
very thin wire, 21*5. (AV oil as ton.) 

Commercial platinum prepared as above described is never quite pure, always 
retaining small quantities o^ osmium and silicium. To free it from these impurities 
and at the same time to render it more compact and free from pores, Deville niid 
Lebray fuse it by means of a hydrogen or coal-gas flame fed with oxygen, in the 
lime-fnrnace represented in fi^ires 733, 734 (p. 312). The osmium is then driven off 
as osmic tetroxide and the silicium passes to the state of calcic silicate, which melts to 
a colourless bead, and is ultimately absorbed by the walls of the furnace. Iron and 
copper also, if present in the platinum, are oxidised and form fusible slags, which aro 
absorbed by the lime. 

Deville and Dobray have likewise introduced the following new process for the ex- 
traction of platinum from its ores in the dry way. A small rev(?rl)erat.ory furnace, tlie 
bed of which is composed of a hemispherical cavity of flrc-brick lined with clay, is 
heated to full redness, and a charge, consisting of 2 cwt, of tiie platinum ore mixed 
with an equal weight of galena, is added in small quantities, stirring with iron rods till 
the platinum and lead ores have combined into a matt. A small quantity of glass is 
thrown in to act as a flux, and by degrees a quantity of litharge is added ccpinl in 
weight to the galena. The sulphur of tho galena is there})y completely oxidis<'d and 
expelled, whilst tho lead of the galena and the litharge is ividnced totluj inetallio stHti% 
and unites with tho platinum, forming an easily fusible alloy. On leaving the melted 
mass at rest for some timer, the osmide of iridium (wdiich is not attacked during 
the operation) gradually sinks to the bottom of the liquid alloy; the upper porti«)ris 
of the platinifcrous load are then cautiously decanted from it by iron ladles and 
cast into ingot-moulds. The residue containing the osmide of iridium is added tu 
a subsequent melting. 

The platinifcrous lead is now submitted to cupellation in the ordinary way, and the 
crude metallic platinum left after cupellation, is refined by fusion on a bed of lime as 
above described. Tho platinum thus obtained is nearly pure, and very ductile aud 
malleable. 

An alloy of platinum, iridium, and rhodium, better adapted for some purposes 
than pure platinum, because it is harder, bears a higher temperature withoiit fusing, 
and is less easily attacked by chemical reagents, may be obtained by simply fusing tin* 
platinum-ore in the oxyhydrogen flame on a bed of lime, with a quantity of lime equal 
in weight to the amount of iron in tho ore. Palladium and osmium are volatilised 
during the fusion, w'hile the copper and inm are oxidised, and form fusible compounds 
with the lime. The melted alloy is either poured into water t o granulate it, or wist in 
a very shallow mould of gas-charcoal. 

Another method proposed by Deville and Debray is to treat the platinum ore with 
nitromuriatic acid, decant the liquid from the insoluble osmide of iridium, and slowly 
evaporate the solution of chloride of platinum, palladium, &c., till the residue begins to 
decompose. The rod powder thus obtained is then heated to redness in a large coverod 
crucible of earthenware or platinum provided with a neck to convey tho gases into a 
chimney. When the calcination is finished, the platinum -powder is transferred to a 
wooden bowl, and washed in the same manniir as auriferous earth or platinum oro 
itself. Tho dense shining platinum-powder which remains is then refined by fusion 
in the lime furnace as above. (Ann. Ch. Phys. [3] Ivi. 385 ; Jahrovsb. 1859, p. 252.) 

Properties . — Pure platinum when forged, and especially when refined by Deville and 
Debray’s process, is nearly as white as silver; it takes a high lustre by polishing; has 
neither taste nor smell ; and is very ductile and malleable. A platinum wire 2 milli- 
metres in diameter, breaks with a weight of 124 kilogrammes. Platinum is softer 
than silver, but its hardness is much increased by the presence of traces of iridium ; 
perfectly pure platinum is about as hard as copper. It expands by heat less than any 
other metal, and in its power of conducting heat and electricity, it is much inferior to 
gold and silver, and very near to iron (ii. 467 ; iii. 936). Platinum resists the 
strongest heat of a forge-fire, but may be fused by the electric current, or by the oxy- 
hydrogen blowpipe, before which it is volatilised and dispersed with scintillations. 
According to Deville and Debray, it absorbs oxygen in the fused state, and if melted 
in considerable masses, spits like silver on rapid cooling. It has not been crystallised 
artificially, but very perfect octahedrons and cubes have been, found in the native beds. 
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platinum is the heaviest of all known substances, except osmium and iridium, which 
arc equally dense. Its specific gravity varies according to the manner in which it Inis 
t)oeii treated; that of hammered platinum is 21*25; of platinum drawn into thick 
21*4; and after drawing into very thin wire, 21*6 (Wollaston); platinum 
solidified from fusion has a density of 21*15. (Devi lie and I) e bray.) 

platinum possesses a remarkable power of causing the combination of oxygen with 
hydrogen and other combustible gases (see Comuu.stion, i. 1092, and Contact-action, 
ii. 12). This property is exhibited even by a clean surface of platinum, in a greater 
(]cgree by platinum in the spongy state (p. 662), and most of all by the extremely 
divided form of the metal called platinum-black. The metal may be obtained in 
this form: — 1. By dissolving platinous chloride in a hot and concentrated solution 
of potash, and pouring alcohol into it while still hot, by small quantitie.s at a time ; 
violcmt effervescence then occurs from the escape of carbonic anhydride, by which the 
contents of the vessel, unless capacious, may be thrown out. The liquor is decanted 
from the black powder which appears, and the latt(*r boiled successiv'ely with alcohol, 
hydrochloric acid and potash, and finally four or five times with water, to divest it of 
all foreign matters. — 2. By decomposing a hot solution of platinic sulphate with 
alrohol.— 3. By boiling a solution of platinic chloride with carbonate of sodium and 
sugar: chloride of sodium is then formed, water and carbonic anhydride are produced 
by oxidation of the sugar, and tho platinum is precipitated in the finely-divided state. 
—4. By precipitating the metal with zinc from a solution of 2>latinic chloride con- 
taiaing excess of hydrochloric acid, or, according to Brunner, by digesting metallic 
zinc with a mixture of chloroplatinateof ammonium or potassium and strong sulphurir 
iu*id. "l'latinum-black, when dried, resembles lanip-blaek, and soils tlic fingers, but 
still it is only metallic platinum extremely divided, and may bo Jieated to full redness 
witlioiit any change of appearance or properties. It loses these properties, however, by 
tlu? effect of a white heat, and assumes a metallic aspect. Platinum -black, like wood 
cliiircoal, absorbs and condenses gase.s, in its pores, with evolution of lieat, a property 
which must assist its action on oxygen and hy^drogen, although probably not essential 
t(.) that action. When moistened with alcohol, it dentermines the oxidation of that sub- 
stance in air, and the formation of acetic acid ; and, in a similar manner, it converts 
wood-spirit into formic acid. 

Platinum does not oxidise in the air at any temperature. It is not attacked by any 
single acid; but nitromuriatio acid dis.solves it, though slowly. If heated to redness in 
the air in contact with caustic alkalis or alkaline earths^ espc^cially with hydrate of 
lithium or barium, it is corroded, in consequence of the formation of an oxide which 
unites with the alkali ; it is also attacked at high U>mperaturc5s by acid sulpkate of 
‘puiassimn. 

Spongy platinum unites with svljjhiir when the two are hosted together somewhat 
strongly; hammered platinum is but very slowly attacked by sulphur. VhospTiorm 
arsenic easily unite with spongy platinum when heated with it, foiming very fusible 
compounds. When an orgajiic substance containing phosjdiorus — cerebral matter for 
cxuniple — is burnt in a platinum crucible, phosphorus is set free ami unites with tlie 
platinum, forming a very fusible phosphide, so that the crucible sometimes becomes 
perforated. Chlorine is very slowly absorbed by platinum ; iodine and bromine, have no 
action upon it. A mixture of silica and charcoal easily attacks platinum at high tem- 
peratures by forming a silicido of platinum : hence platinum-crucibles must never bo 
placed in direct contact with a coke or charcoal tire, but always enclosed in an earthen 
crucible containing magnesia. 

Uses . — The unalterability of platinum at high temperatures, and its power of resisting 
the action of most chemical agents, render it extremely useful for the construction of 
crucibles, evaporating dishes, forceps for blowpipe experiments, &c. Large platinum 
^stills, sometimes weighing more than 1000 ounces, are used for tho concentration of 
oil of vitriol. They are gilt on the inner surfaces, because without this coating, plati- 
num prepared by Wollaston’s method soon becomes sufficiently porous to allow the 
transudation of the acid. An attempt was made in Russia t/O use platinum for coinage, 
hut it was not found convenient. Platinum is sometimes used for the touch-holes of 
fowling-pieces. {Milhr^s Elements of Chemistry^ ii. 828.) 

Compounds of Platinum . — Platinum forms two series of compounds, the platinous 
compounds in which it is diatomic, c. PtCl*, PtO, &c., and the platinic compounds 
in which it is tetratoraic, e.g. PtCP, PtO* &c.* It shows but little tendency to form 
salts with oxygen-acids. 

PKATZHruiMCy A&lbOTS OP. Platinum unites with most other metals, forming 
alloys which are for the most part more fusible than platinum itself; hence platijium 
crucibles must never be used for fusing other metals in, or even for igniting the oxides 


• According to tho older atomic weight of platinum, 98-7, adopted In 
h. 4G5), the metal wa» regarded as monatomic »u the platinous, and diatomic lu the platinic compounds. 
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of the more fusible metals, such as h'ad and bismuth, whose oxides are easily reduced 
by contact with carbonaceous matter. 

1 pt. of spongy platinum unites easily with 2 pts. of pulverised antimony, the com- 
bination being attended with vivid incandescence; and when the temperature is 
further raised, the compound fuses into a steel-grey, brittle, fine-grained alloy 
(G-ehlen). Vivid incandescence is likewise produced by wrapping antimony in thin 
platinum-foil, and heating it before the blowpipe (Murray, Edinb. Phil. J. iv. 202). 
The alloy when heated in the air, gives up its antimony almost wholly, and leaves 
malleable platinum. (Fox, Ann. Phil. xiii. 467.) 

100 pts. of spongy platinum heated with excess of arsenic, yield 173*& pts. of arse- 
nide of platinum, the combination being attended with vivid combustion. When plati- 
num is heated with arsenious oxide and carbonate of sodium, arsenide of platinum and 
asenate of sodium are formed. Arsenic wrapped up in platinum-foil, lik(‘wise exhibits 
vivid combustion before the blowpipe (Murray). The alloy is brittle, and easily 
fusible. When it is heated in the air for some time, at a continually increasing tem- 
perature, but not sutheient to melt it, the arsenic gnidually burns away, and leaves a 
porous residue of platinum in a state fit for working. 

Platinum heated with an equal weight of harium before the oxy-hydrogen blowpijw 
melts to a bronze-coloured alloy, which in the course of 24 hours, decomposes and 
leaves a reddish powder. (Clarke, Gilb. Ann. Ixii. 372.) 

1 pt. of spongy platinum and 2 pts. of bismuth heated together combine readily, l)iit 
without visible combustion, an»i form a bluish-grey, brittl(% easily fusible alloy, having 
a laminated fracture (Ge hi en). When this alloy is fused at a modenite heat, tlio 
two metals separate partially, according to their densities. When it is strongly 
ignited in contact with air, the greater part of the bismuth bums and forms a vitreous 
oxide, till the residue is no longer fusible. 

Plat inum heated wit h cadmium till the excess of the latter is volatilised, forms a silver- 
white, very brittle, fine-grained alloy, refractory in the fire and containing 46*02 p?i 
cent, platinum and 64*68 cadmium, therefore nearly PtCd*. (Strom oyer.) 

With copper, platinum does not combine below a white heat. Equal weights of 
platinum and eopper, heated together in the oxy-hydrogen blowpipe flame, yields, pule 
yellow alloy having the colour and specific gravity of gold, extensible, easily attacked 
by the file, and tarnished by exposure to the air (Clarke). An alloy of 26 pts. copper 
and 1 platinum, is malleabio, rose-coloured, and exhibits a fine-grained fracture. Tlio 
alloys of copper and platinum take a fim; polish and are sometimes used for the mirrors 
of tel(‘scopes. 

7 pts. of platinum and 3 gold form an alloy infusible in the strongest blast-furnaco. 
Alloys containing a larger proportion of gold fuse at that degree of heat (P rinsop). 
2 pts. platinum and 1 gold form a brittle alloy. 1 pt. platinum and 1 gold form a very 
malleable alloy having nearly the same colour as gold. The alloy of 1 pt. platiiiuru 
and 9*6 gold has the colour of gold and the density of platinum (Clarke). 1 pt. 
platinum and 1 1 gold form a greyish-white alloy, like tarnislied silver. (H a t ch e tt.) 

The alloy of pjitinum and iridium has been already described (iii. 317); also the 
alloys of platinum, iridium and rhodium obtained by fusing platinum-ore (iv. 664). 

The alloys of platinum and iron are described uiider Iron (iii. 369). 

Le,ad unites very easily with platinum. Melted lead poured into a platinum-croci- 
ble dissolves a portion of the platinum. I^ead wrapped in platinum-foil exhibits 
incandescence when heated (Murray). 1 pt. of spongy platinum and 2*7 of lead 
heated to redness together, combine without visible combustion, and form an easily 
fusible compound, which lias the colour of bismuth, splits under the hammer, and 
exhibits a fibrous fracture. The alloy of 1 pt. platinum and 2 pts. lead is somewhat 
more brittle (Gehloii). An alloy containing equal quantities of the two metals has a 
purple colour and striated surface, and is hard, brittle, exhibits a granular fracture, 
and is altered by exposure to the air. "When these alloys are heated to redness in the 
air, only part of the lead separates from the platinum, the separation going on indeed 
only 80 long as the alloy remains fusible. 

The compounds of platinum and mercury have been already described (iii. 888). 

Equal parts of platinum and molybdenum yield a liard, brittle, shapeless lump 
having a light grey colour and metallic lustre. 4 pts. platinum and 1 pt. molybdenum 
form a hard, brittle, bluish-grey alloy, having a granular fracture. 

EqusJ parts of platinum i^nd nickel placed upon a piece of charcoal burning m » 
stream of oxygen, unite quickly, and form a pale yellowish-white alloy, perfectly 
malleable, susceptible of a high polish, equal to copper in fusibility, and ro nickel in 
magnetic power. (Lampadius.) . 

Equal parts of platinum and palladium unite somewhat below the melting-point ot 
the latter, forming a grey alloy as hard as wrought iron, having a specific gravity of 
16*141, less ductile than the alloy of palladium and gold (C h e n e v i x.) 
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With pot^sium, platinum unites readily, exhibiting incandescence and forming a 
pliining, brittle alloy, which burns when h€;ated in the air, an<l is decomposed by 
w'ater, with formation of black scales, usually regarded as a hydride of platinum. 

Silver unites with platinum in all proportions. A very small quantity of platinum 
renders silver hard. Hot oil of vitriol dissolves out the silver from the alloy, and 
loaves the^ platinum. Nitric acid always dissolves a certain quantity of platinum 
together with the silver, and with a certain proportion of silver the alloy is completely 
Boluble in nitric acid. 

The alloy of platinum and sodium resembles that of platinum and potassium. 

Tin and platinum fused together in equal parts form a dark-colourod, hard, brittle, 
tolerably fusible alloy, having a coarsc-gniined structure. A very definite alloy of tin 
and platinum having the composition Pt‘Sn®, is obtained by melting 1 pt. platinum 
with 10 pts. tin, leaving the mass to cool slowly and treating it with liydrochloric acid, 
which dissolves out the excess of tin, and leaves the alloy in beautitul geodes, lined 
with cubic crystals, or rhombohedrons having their angles very near to 90°. (Devillo 
and Be bray.) 

Zinc appears also to form a definite alloy with platinum, analogous in composition 
to the preceding and obtained in like manner. (B eville and Be bray.) 

PXiiLTZUrVltlK, il.lirTX]»lCOnrXX>£ or. (See p. 6G6.) 

pXiATzsTinn;, arssnibb of. (Sco p. coo.) 

P^iLTZirunC, B011ZX>£ OF. Platinum heated with borax and charcoal, melts 
Into a hard, brittle, somewhat crystalliiio mass, which when dissolved in nitromuriatic 
a(*id, leaves a residue of boric acid (Bescotils, Ann. Chim. Ixvii. 88). Boron heated on 
platinum- foil before the blowpipe immediately combines with the rnotal, forming a silver- 
white fusible compound. The same compound is likewise obtained by melting spongy 
platinum with boron under a layer of borax (B evil 1 e and Wohler), Ikmde of 
platinum is easily pulverised ; it is hut slowly attacked by nitrorauriutic acid. Its 
composition appears to bo PtB, (Marti us.) 

PBiLTZiririMr, BROXIKZXIS of. The only bromide of platinum known is tho 
ti trahromidey PiBr'*, which is a brown, deliqiu!scent compound, obtained by dissolving 
platinum in a mixture of hydrobromic and nitric acids, and evaporating at a gentle 
luiiit. It unites with the more basic metallic bromides, forming double salts called 
bromoplatinates, having the composition M'TtBr® = 2MBr.Pt'''Br'' and ^rPtBr" ==> 
M''Br*.Pt‘^Br^. The potassium-salt separates from a mixture of the solutions of tho 
component bromides, by spontaneous evaporation, in regular octaliedrous and cubo-ochi- 
Ledrons of a red colour; it is sparingly soluble in water, insoluble in alcohol. — The 
sodium-salt prepared in a similar manner, crystallises in dark-red prisms, perraa,nent 
in the air, easily soluble in water and in alcohol. — The barium-, calcium-, magnesiuni-, 
manganese-, \A,Vidi. zmc-salts 2 X ^0 crystallise in dark-red prisms. (Bousdorff, Pogg. 
Ann. xix. 344 ; xxxiii. 61.) 

PZiATZITiniKf CABBZBB OF. This compound is obtained by boiling platinic 
chloride with tartaric acid, or by calcining certain organic platinum-salts at a moderate 
heat. It is black, insoluble in water, dccomposibl© by nitromuriatic acid, which 
dissolves tho platinum and leaves the carbon. 

PZiikTXXriniZ, CRBOBZBBS of. Platinum forms two chlorides, namely, a 
di- and a tetrachloride. 

Bloblorlde of Platinum or Platlnous cniorlde, PtCP. {VrotocUoride, vlc- 

cording to the older atomic weight of platinum.) -This compound is prepared by 

dissolving platinum in nitromuriatic acid, evaporating to dryness, aud cautiously 
heating the residue in an oil-hath to 200°, till it becomes insoluble in water. It is a 
greenish-brown solid body, permanent in the air at ordinary temperatures, but 
blackening on the surface by long exposure to light. It is insoluble in water, nitric acid, 
and sulphuric acid, but dissolves completely in hydrocldoric acid, as dichlonde if pro- 
tected from the air, as tetrachloride if tho air has access to it. The solution of the 
pure dichloride has a dark brown colour, gives with potash a dark brown precipitate 
of platinous hydrate, and with ammonia a green crystalline precipitate of diammoiuo- 
platinous chloridle, N*H«Pt"CP, insoluble in cold water aud in alcohol (see 1 uatinum- 
UASEs). Platinous chloride dissolves in caustic potash or soda, and alcohm added to 
the solution throws down the whole of the platinum as platinum-black (p. 664). It is 
completely resolved at a red heat into chlorine and platinum. 

If the heating of the platinic chloride he discont^inued before half the chlorine has 
been driven off, the residue dissolves in water, forming a dark brown solution supposed 
l>y Magnus to contain p 1 a t i n o s o - p 1 a t i n i c c h 1 o r i d c. On ovaporati ng this solution, 
platinous chloride separates as a brown precipitate more sol ubh? in hydrochloric acid 
than the original green compound, and regarded by Berzelius as a peculiar modification. 
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Chloropliitinitos. — Platinous chloride unites with the more basic metallic 
chlorides, forming double salts represented by the formula M®Pt"CP *= 2MCl.Pt"CP 
and MT’t "CP - JVr'Cl».Pt"Cl^ 

Chloroplatinite of ammonium^ (NH*)*Pt’'CP, is jproduced by adding sal-ammoniac to 
a solution of platinous chloride in hydrochloric acid, and crystallises by evaporation in 
red four-sided prisms. 

Chloroplatmitc of Barium^ Ba'Tt"CP.3H*0,' is obtained by saturating a solution of 
platinous cliloride in hydrochloric acid with carbonate of barium, and cfystallises by 
spontaneous evaporation in dark red four-sidc.>d prisms, easily soluble in water 
sparingly in alcohol of 90 per cent. It appears to give olF only 2 at. water at 100°! 
The solution mixed with ammonia deposits tiie green salt of Magnus (p. 674). (J. 
Lang, J. pp. Chem. Ixxxvi. 126; Jahresb. 1863, p. 230.) 

CMoroplatinite of Lcad^ Pb"Pt"Cl‘, prepared like the silver-salt {infra) reserablos 
the latter in appearance, is insoluble in cold water, and is decomposed by boiling 
water. (Lang.) 

Chloroplatinite of Potassium, K^Pt^CP, prepared like the ammonium-salt, also forms 
red four-sided prisms, moderately soluble in water, insoluble in alcohol. 

Chloroplatinite of Silver, Ag*lT"CP, separates on mixing a solution of the potassium- 
salt with nitrate of silver, as a light rod precipitate. It is insoluble in water, blackens 
when exposed to light, and gives up all its platinum to warm hydrochloric acid. Am- 
monia first dissolves out the chloride of silver, and leaves a yellow substance which 
gradually dissolves in a largo quantity of ammonia, forming a colourless solution 
which when left to evaporate, deposits a yellow powder and colourless prisms. 
(Lang.) 

The sodium-salt, Na*Pt"CP, is soluble in water and in alcohol, and difficult to crys- 
tallise. 

Stannous chloroplatinitrs. — Platinous chloride forms with stannous chloride two 
double salts, which are obtained by dissolving stannous chloride in a solution of plati- 
nous cliloride in hydrochloric acid, and evaporating, the one or the other being formed 
according to the proportions in which the salts are mixed. That which contains the 
smaller proportion of stannous chloride is a crystalline, olive-green, deliquescent, saline 
mass ; that containing the larger proportion of stannous cliloriile is red ; both are 
slightly soluble in water, and are decomposed by dilution with water. (Kane.) 

ChloToidatinite oj Zinc, Zn'TV'CP, is formed, according to Hiinefekl, when zinc is 
immersed in an aqueous solution of platinic chloride. It forms small, hard, shining, 
yellow crystals, sparingly soluble in cold, more soluble in boiling water, and precipitated 
by alcohol. 

Tetrachloride of Platinum or Platinic Chloride, Pt‘'^Cl*. {Dichhrulr, 
according to the old atomic weight of platinum.) — This compound is obtained by dis- 
solving platinum in nitromuriatic acid and evaporating the solution over the water-batli. 
It then nuriains as a brown-red mass, which, if pure, dissol.v<'S in water and in alcohol 
with reddish-yellow colour; generally however it is red, owing to tlie presence of a 
small quantity of iridium. If more strongly heated, it gives off chlorine and leaves 
first platinous chloride and then metallic platinum. 

The solution of platinic chloride gives with potash, ammonia, and their salts, a yellow 
crystalline precipitate of chloroplatinate of potassium or ammonium, sparingly soluble 
in water, insolul)le in alcohol. When, however, dilute aqueous ammonia is added in 
excess to an aqueous solution of platinic chloride too dilute to yield a precipitate of 
the chloroplatinate, a pale yellow powder is precipitated after a while, consisting of 
N*H®Pt*^CB (see Platinum-bases). Caustic soda-solution forms no precipitate in the 
cold, but on warming the solution a brownish-yellow precipitate is formed consisting of 
platinate of sodium. 

Sulphydric acid produces in a solution of platinic chloride, at first only a brown 
coloration, afterwards a brown precipitate of platinic sulphide. 

Sulphide of amnmimm produces the same precipitate, but redissolves it when added 
in excess. — Iodide of potassium colours the solution brown-red, and procipitah's brown 
platinic iodide. — Stannous chloride colours the solution brown-red. — Mercuric nitrate 
forms a copious reddish-yellow precipitate. — Mercuric cyanide forms no precipitate, 
thereby affording a distinction between platinum and palladium (p. 328). Platinum 
is not so easily reduced to the metallic state from its solutions as gold. — Zinc throws 
down metallic platinum ; so likewise docs/or^^zc add on heating, if the free acid be 
neutralised with carbonate of sodium, but the reduction is not effected hy ferrms sul- 
phate or oxalic acid. 

A compound of platinic chloride with nitric oxide, said to contain 6(PtCP.H CP). 
4NO.10H*O, is produced, according to Boye and Bodge rs (Phil. Mag. Nov. 1840, 
p. 397), by mixing dry platinic chloride wirfi a large excess of nitromuriatic acid : the 
liquid evaporated to a syrup deposits the compound as a yellow crystalline powder. 
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vrhich does not give off -water at 100°, but in contact with water, is resolved, with 
effervescence, into its constituents. 

Chloroplatinates, =: 2MCl.Pt*»Gl^ and M'WCl® = M"Cl'‘'.Pt‘^CP. 

^Platinic chloride unites with other metallic chlorides, forming a class of well-defined 
double salts, among which the potassium- and aniinonium-salts, on account of their 
pparing solubility in water and insolubility in alcohol, are of (?special importaiure in 
analysis, affording the means of separating and estimating platiinim on the one hand, 
and potassium and ammonium on the other. 

Chloroplatinate of Ammonium or Ptatinu7if,-‘Sal-ammoniac, (Nn*)'‘'Pt‘’Cl®, is precipi- 
tated as a heavy, lemon-yellow, crystalline powder on mixing a solution of platinic 
chloride with sal-ammoniac, and crystallises on cooling from a hot aqueous solution in 
regular octahedrons. When ignited it leaves metallic platinum in the spongy state. 
Jt is but slightly soluble in cold, more soluble in hot water ; very slightly soluble in 
cold containing ammonia, abundantly at the boiling heat (Fresenius, Ann. Ch. 
Pharin. lix. 118^ A cold concentrated solution of snl-aminoniac precipitates it almost 
completely from its aqueous solution, but a hot solution of that salt dissolves it more 
abundantly than pure water, and tho solution deposits a coating of platinum on 
copper iind brass when they arc boiled in it for a few seconds (Bbttger). At 16° — 
20-^, it dissolves in 20,635 pts. alcohol of 97*6 per cent. ; in 1,406 pts. alcohol of 76 per 
cont.j and in 665 pts. alcohol of 55 per cent. ; but if free hydrochloric acid is present, 
the salt dissolves in 672 pts. alcohol of 76 per cent, at the same temperature 
(Fresenius). It dissolves easily, with decomposition, in a warm aqueous solution of 
fotassic sul'pkocyanate. (Claus.) 

Chloroplatinate of Barium^ 33a'Tt*’^Cl®.4lI*0, crj^stalliscs in orange-yellow prisms 
re.sembling chromate of lead (Bonsdorff, Pogg. Ann. xvii. 251). — The ca-sium-salt^ 
Cs'^Pt'^Cl®, has been already described (i. 1114). — T\iq calcium-naU^ Ga"Pt‘’'Cl® 8H-'0, 
crystallises with difficulty; when laid on bibulous paper it decomposes, chloride of 
calcium deliquescing out, and platinic chloride remaining. — Tho cadmium^y cohalt-, 
copper-y 7naynesium-y mangancse-y nickel~y and zinc-salU are isoniorphoiis, crystallise in 
rhomboliedrons, and are all included in the general formula M"Pt‘''Cl®.6ll“0. 

Chloroplatmatc of l*otassiuth, K‘‘^Pt‘’'Cl*, separates on mixing a solution of platinic 
chloride with chloride of potassium, in yellow crystalline grains liaving the term of 
th(? regular octahedron. It is not completely reduced by siniph' ignition, but when 
ignited with oxalic acid, or in a stream of liydrogcm, it is completely resolved into 
chloride of potassium which may be dissolved out, chlorine wliich goes off as hydro- 
chloric acid, and metallic platinum. The salt is sparingly soluble in watery insoluble or 
nearly so in alcohol. Its solubility in water at various temperatures, together with 
the solubilities of the corresponding cjesium- and rubidium-salts, as determined by 
Ivirchhoff and Bunsen (Pogg. Ann. cxiii. 372), is given under C/issium (i. 1114). 
It, dissolves at 15° — 20° in 12,083 pts. alcohol of 97’5 per cent, in 3,775 alcohol of 76 
per cent., and in 1,053 pts. alcohol of 55 per cent. ; but if a small quantity of free hy- 
drochloric acid is proseiit, it dissolves in 1,835 pts. alcohol of 76 percent. (Fresenius, 
loc. cii.). It is slightly soluble in acidSy dissolves with yellow colour in caustic 
but is insoluble in alkaline carbonates. (H. Itose.) 

Cldoroplatinate of liuhldiuniy llb'‘'Pt*’^Cl®. — Platinic chloride forms in solutions of 
rubidium, especially at the boiling heat, a light yellow, heavy, pulverulent precipitate, 
which appears under the microscope to be composed of transparent, shining, regular 
octahedrons. It is quite insoluble in alcohol, and much loss soluble in water than the 
potassium-salt. It is decomposed by hydrogen, partially even in the cold, and com- 
pletely at a red heat, yielding a mixture of chloride of rubidium and metallic platinum, 
(Bunsen.) 

Chloroplatinate of 8odium.y Na^PtPGl®.6H®0, crystallises in transparent, light yellow 
prisms easily soluble in water and in alcohol. „ 

A compound of platinic chloride with platinate of calciumy PtCF.Ca*Pt‘’0'*, is pro- 
duced, according to Dobereiner, by exposing the chloride mixed with milk of lime and 
a large quantity of lime-water to sunshine, as a white precipitate which turns yellow- 
ish on boiling. 

PXiATZXrillll, CSTAWIBSS OF. (See Gyanides, ii. 260.) 

PXiATZlffVM, l>3BTECTZO»r AITS ESTX»IAT10W OV.—l. Blowpipe 
reactions . — All platinum-compounds are reduced to spongy platinum in the inner 
flame ; none of them give any colours to borax or niicrocosmic salt. The spongy plati- 
num cannot be fused into a globule before the blowpipe. 

2. Reactions in Solution. — Platinum almost always occurs in solution in the 
form of tetrachloride, the reactions of which have been already detailed. Solutions 
of platinicoxygen-salts, the sulphate and nitrate, for example, exhibit for the 
most part, the same reactions ; with potash or ammonia however, they form a yellow- 
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brown precipitate, and Yr\t\\c7iloride of potassium at ammonium, B, slight yellow precipi- 
tate of chloro-platinate after some time only. 

Solutions of pi a tin oils salts, e.g, the sulphate and nitrate, and the double salts of 
platinous chloride, are distinguished from those of platinic salts by giving no precipi- 
tate with sal-ammoniac or with potash. With carbonate of potassium or sodium they form 
a brownish precipitate. Ammonia added to the solution of platinous chloride in hydro- 
chloric acid throws down a green crystalline precipitate (p. 667); carbonate of ammonium 
forms no precipitate. With sulphydric add and sulphide of ammonium, platinous solu- 
tions form a black precipitate soluble in ^jpess of the ammonium-sulphide. 

3. Estimation and Beparation.—^at quantitative estimation, platinum is 
usually precipitated from its solutions in the form of chloroplatinato of ammonium. The 
acid solution of platinum, after sufficient concentration, is mixed vnthavery strong solu- 
tion of sal-amj^oniac, and a sufficient quantity of strong alcohol is added to render the 
precipitation complete. The precipitate of chloroplatinato of ammonium is then washed 
with alcohol, to which a small quantity of sal-ammoniac has been added, and then 
heated to redness in a weighed porcelain crucible, whereupon it is decomposed and leaT(?s 
metallic platinum. Great care must however be taken in the ignition to prevent loss, 
sis the evolved vapours aro very apt to carry away small particles of the salt and of 
the reduced metal. The best mode of avoiding this source of error is to place the 
precipitate in the crucible enclosed in the filter, and expose it for some time to a raodc^- 
rato heat, with the cover on the crucible, till the filter is charred, and then to a some- 
what higher temperature to expel the chlorine and chloride of ammonium. The 
crucible is then partially openc^d and the carbonaceous matter of the filter burnt away 
in the usual manner. When these precsiutions are duly observed, not a particle of pla- 
tinum is lost. Instead of igniting the the precipitate and weighing the platinum, llie 
precipitate is sometimes collected on a weighed filter, dried over the w^ater-bath and 
weighed ; but this method is less accurate, because the precipitate always contains an 
excess of sal-ammoniac. (H. Hose.) 

Chloride of potassium may also be used instead of chloride of ammonium to precipi- 
tate platinum, the concentrated solution of the platinum being previously mixed with 
a sufficient quantity of strong alcohol to bring the percentage of alcohol in the li(]uid 
to between 60 and 70 per cent. The precipitated chloro-platinate of potassium is then 
washed with alcohol of 60 to 70 per cent, and decomposed by simple ignition in a 
porcelain crucible, if its quantity is small, or in an atmosphere of liydrogen if its 
quantity is larger; the chloride of potassium is washed out by water ; and the platinum 
dried, ignited, and weighed. 

The same methods of precipitation serve also for the separation of platinum from 
most other metals, from all indeed excepting silver, lead, and mercurosum, which form 
insoluble or sparingly soluble chlorides, and from the other metals of the platinum 
group. 

From mercury (in mercurous solutions) and from silver, platinum is easily sepa- 
rated by precipitating the mercury or silver with hydrochloric acid; from load by pre- 
cipitation with sulphuric acid. To separate platinum from silver, when the two 
metals aro combined in an alloy, the best method is to heat the alloy with pure and 
strong sulphuric acid, diluted with about half its weight of water, till the sulphuric 
acid begins to escape in dense fumes. The silver is thereby converted into sulphate, 
and the platinum remains behind in the metallic state. The .sulphate of silver is dis- 
solved by a large quantity of hot water, the platinum washed with hot water, and again 
treated with sulphuric acid, to separate the last traces of silver. 

From iridium, platinum is separated by precipitating the two metals together with 
sal-ammoniac, and reducing the chloro-iridiate of ammonium to soluble chloriridite by 
the action of sulphurous acid or other reducing agents (iii. 319, 320); from osmiumi 
by volatilising the latter as osmic tetroxide (p. 244); from palladium, by precipi- 
tating that metal as cyanide (p. 328). For the method of separating it from rhodium 
and ruthenium, see those metals ; also Plxtinum-orb. 

4. Atomic Weight of Platinum. — ^Berzelius (Lehrhuch, 6 Aufl. iii. 
found that 6*981 grms. chloroplatinate of potassium, 2KCl.PtCP, lost by ignition 2*024 
grms. chlorine, and left a mixture of 2 822 grms. platinum and 2*135 gnus. chlondQ 
of potassium ; hence, 

Pt « 2KC1 - 149*2 » 197*7. 

2*135 2135 

PKATXNimf, r&UOBXDB Or. Platinic Fluori^, PtF*, is obtained, accordmg 
to Berzelius, by dropping a solution of potassium-fluoride into a neutral aqueous solu- 
tion of platinic chloride, as long as a precipitate of chloroplatinate of potassium con- 
tinues to form, evaporating the filtrate to dryness, dissolving out the platinic 
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fluoride bv Alcohol, adding water, and again evaporating at a heat below 60°. The 
fluoride then remains as a non -crystalline, yellow, transparent mass, perfectly soluble 
ia water. At a higher temperature, it becomes dark brown, and when digested in water 
leaves a brown basic salt. It forms double salts with the fluorides of the alkali-metals. 

pXiATXMr If My XOX>X]>ZSS OP* Tiatinous iodide^ Ptl®, and Fiatinic iodide^ Ptl**, 
tje black, amorphous compounds obtained by precipitating the corresponding chlorides 
with iodide of potassium. Both are soluble in hydriodic acid. 

Platinic iodide unites with the more basic metallic iodides, forming brown or black 
crystallisable compounds, M“Pt*''I® ==» 2MLPtirp, which yield dark red solutions. — The 
ammonium-salt crystallises in square tablets ; the ^potassium-salt in black, rectangidar 
tablets with four-sided pyramids attached ; the sodium-salt in lead-grey, striated, deli- 
quescent needles. 

PXiATIlVnnCf nrXTXtZDXS op. Pt*N*. — Obtained by healing the compound 
4NH®.Pt"H‘*0'‘* (Reiset*s base), to 180°. It decomposes suddenly at 190°, with evolu- 
tion of nitrogen. 

PXiATXVrtTlMCy oaunOSS op. Platinum forms two oxides corresponding to the 
clilorides, naniely, Pt"0 and both of which are salifiable bases. According to 

E. Davy, there is also an oxide of intermediate composition. 

Platinous Oxide is obtained as a hydrate, Pt"0.TT*0 or IVIT^O* by digesting 
platinous chloride in a warm solution of potash and washing the precipitate. Part of 
the platinous hydrate however remains dissolved in the alkali and may be precipitated 
by neutralising the liquid with sulphuric acid. TliO hydrate is a bulky black powder^ 
(‘asily decomposed by heat, giving off first water and afterwards oxygen. According to 
Tlcrzelius, it may be convert ed by a very gentle heat into anhydrous platinous oxide, Pt"0. 
It dissolves slowly in acids, forming unstable salts, the reactions of which have already 
been described (p. 670). By boiling hydrochloric acid it is resolved into aqueous pla- 
tinic chloride and metallic platinum. When recently precipitated it dissolves in 
potash and in soda^ forming salts called platiuites, which appear also to be formed 
when metallic platinum is heated with caustic alkalis. (p. 665). 

Platinous oxide forms with ammonia the two compounds 2NH".PtO and 
4NTT*.PtO.II*0, which however are not produced by direct combination. (See Platinum- 

UASES.) 

Platinlo Oxide, Pt'^'O^. — This oxide is somewhat dififieult to obtain in the pure state. 
— 1. Prom most platinum-salts alkalis throw down basic double salts; Vait from platinic 
nitrate, potash throws down at first the pure hydrate, which may be separated, and after- 
wards riie double salt (Berzelius). — ‘2. The hydrsite may also be obtained by precipi- 
tating a hot solution of platinic sulphate with carbonatt? of calcium, dissolving out the 
excess of that sulistance from the precipitate by means of acretic acid, and then washing 
it for a longtime [to remove the gypsum) ( Witts tein). — 3. Dobereiner mixes platinic 
chloride with excess of sodic carbonate, evaporates to dryness, heats the mixture 
gently, and dissolves out the chloride .and excess of carlionate of sodium with water. 
There then remains a platin.ato of soiiiuni containing Na*0.3Pt0^6H"0, from which 
nitric acid removes the soda without dissolving the platinic oxide. 

The hydrate (1) when recently precipitated, has a rusty colour, like that of hydrated 
ferric oxide; in drying, it shrinks together into a yellowish-brown mass. When heated, 
it gives off w.ater, and turns black (Berzelius). — (2) is an umber-brown pow'der 
which does not decompose at 100°, but at a stronger heat, is resolved, wdth explosion 
and scattering of part of the mass in the form of a blackish fume, into aqueous vapour, 
oxygen gas, and platinum (Wi tts tein). \Vlien gently heated it is converted intotho 
anhydrous oxide, PtO'**, which is a black powder. 

A blue platinic oxide is formed, according to Hittorf, when platinum dipping into fused 
nitrate of potassium is m.ade to form the negative pole of a voltaic circuit; it then flows 
continually from the platinum in the form of a blue liquid which afterwards changes 
into yellow and green oxide. In nitrate of sodium, the oxidation is weaker and the 
blue colour lighter and finer, the blue oxide thus formed changing its colour only to 
yellowish-brown. 

Platinic hydrate dissolves in acids. The solutions yield on ev.aporation uncrystalli- 
sable platinic salts, the reactions of which have been already described (p. 669). 
They may also be obtained by decomposing a solution of platinic chloride with tho 
potassium- salt of the required acid. Chloroplatinatc of potassium is then precipitated, 
ttnd another platinic salt (sulphate, nitrate, &c.) remains in solution. 

Platinic oxide unites with strong bases, forming salts which may be called plati- 
^'ates. They are obtained by heating the corresponding chloroplatinates with excess 
of the alkali. 

Flatmate of barium is precipitated, according to Berzelius, as a light yellow powder, 
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when a platinic salt is supersaturated with baryta ; it is resolved at a red heat into pla- 
tinum and baryta . — Tlatinatc of calcium is obtained, according to Horschel, by exposing 
a mixture of platinic chloride and excess of lime-water to sunshine; but, according to 
Ddbereiner, the precipitate thus formed likcwi.se contains chlorine (p. 669 ). — iHatinate 
of 'potassium is prepared by mixing chloroplatinate of potassium with au excess of 
potassic hydrate, moistening the mass with water, gradually heating it to dull redness 
and removing the excess of alkali by washing with water. It has a rust-brown 
colour ; dissolves slowly in hydrochloric acid, not in nitric or sulphuric acid ; is resolved 
hy heat into platinoiis oxide and potash ; and detonates violently with combustible 
bodies (Berzelius ). — Tiatinate of Bo4ium is obtained by exposing a mixture of 
aqueous platinic chloride and carbonate of eodium to sunshine, as a reddish -yellow 
partly crys^ino precipitate, Na®0.3Pt0*.6H*0, which when heated to redness, first 
gives off wawi^, then oxygen, and leaves a black residue from which the soda may b(j 
dissolved out by water. It is decomposed by acids, which dissolve out the soda and 
leave the platinic oxide. (Weiss and Dobereiner, Ann. Cli. Pharm. xiv. 26.) 

Bespecting the compounds of platinic oxide with ammonia, see Pi^atinum-hases. 

F&AiTZVITMf OXTOSMT-SA&TS OF. The oxides of platinum dissolve in 
oxygen-acids, but the resulting salts have hiit little stability. Platinous nitrite and 
sulphite however unite with the sulphites of the more basic metals, forming crystal- 
lisable double salts. 

JPlatinous Nitrites . — A solution of chloroplatinate of potassium mixed with 
nitrite of potassium, gradually deposits potassio-platinous nitrite, KW'(NO*)\ 
in colourless, six-sided prisms, which are permanent in the air, sparingly soluble in tho 
mother-liquor, dissolve in 27 pts. water at 15®, in a smaller quantity of warm water, 
and separate from the solution unaltered. By slow evaporation of a more dilute 
solution, efflorescent rhombic prisms of a hydrated salt, K®Pt"(N0^)^.‘2H®0 are obtainod. 

The corresponding sodium -salt is very soluble in water and can be obtained in 
the crystalline state only by evaporation in vacuo. A liot saturated solution of tho 
potassium -salt mixed with nitrate of silver, deposits the argento-platinoiis salt, 
Ag'^Pt"(NO*)*, in faintly yellowish tablets which blacken quickly when exposed to liglit. 
This salt decomposed by chloride of ammonium yields the ammoni nia-salt, 
(NH^)*Pt"(NO*)*, which by evaporation in a vacuum is ob^flined in pale yellow pristn.s 
permanent in the air ; its solution gives off nitrogen when boiled. Mcrcuro so - pla- 
tinous nitrite, Hg^IV(N0'^)Ml*0, is obtained as a y ell own sh- white precipitaU* hy 
decomposing tho potassium-salt with a dilute slightly acid solution of mercurous 
nitrate. Baryto-platinous nitrate, Ba"Pt''(N0‘^)*.3H'“0, is obtained by decom- 
posing the silver-salt with chloride of barium, and evaporating the filtrate at a g» ntlo 
neat, in colourless octahedral crystals, slightly soluble in cold water. By decomposing 
tho solution of this salt with an exactly (jquivalent quantity of sulphuric acid, aiul 
evaporating the filtrate in a vacuum, hydro -platinous nitrate or acid plati- 
nous nitrite, H'-Pt"(NO*)*, is obtained as a red saline mass, composed of indistinct 
prismatic crystals. Neutral platinous nitrite is not known. (J. Lang, J. pr. Choiu. 
Ixxxiii. 416; K^p. Chim. pure, iv. 220 ; Jahresb. 1861, p. 317.) 

Platinous sulphite and its double salts will be described under Sulphites. 

FXiATllVUM, PBOSPXIBB OF. Platinum combines readily with phosphorus, 
becoming brittle and fusible. Phosphide of platinum is silver-white, hard, has a 
crystalline £i*acture, and is more fusible than silver. Schriitter, by heating spongy 
platinum in an atmosphere of phosphorus-vapour, has obtained a phosphide of platinum 
containing PtP*, having a density of 8*77. 

PXiATnsrVMf SBXiBirZDB OF. Spongy platinum heated with pulverised 
selenium forms a greyish infusible seleuide. 

PBATZBTVMv 8XUCZBB OF. When a mixture of platinum and charcoal- 
powder is exposed in a hessian crucible to the heat of a forge-fire, tho silica in the cru- 
cible is reduced by the charcoal, and the liberated silicium unites with the platinum, 
forming a brittle compound which has a granular fracture ; it dissolves very slowly in 
nitromuriatic acid, because it becomes covered with a layer of silicium whicli opposes 
the further action of the acid. (B oussingault, Ann. Ch. Pliys. [2] xvi. 6.) 

Silicium heated in a platinum crucible causes the metal to fuse on the surface, and 
imparts to it a crystalline texture. If the heat bo raised to whiteness, the platinum 
becomes friable. Silicide of platinum containing 10 per cent* silicium, is hard, brittle, 
and fusible at a white heat. 

By fusing platinum with excess of silicium in presence of cryolite, a white compound, 
PtSi®, is formed having a grey, crystalline fracture. (Winckler, TraiUde Chimupaf 
Pelouze et Frkmy, S*"*. ed. iii. 1268.) 

F3hATXXrU»l» BXXiXCOFBirOlKSBB OF. The yellow solution of platinic 
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oxilie in hydrofluosilicic acid, dries up to a yellowish-brown gum, which when redis- 
golred in water, leaves a brown basic salt. (Berzelius.) 

FXiATZM’UMp Sy&PBZDSS OP. Two sulphides of platinum are known, 
analogous in composition to the oxides. 

Platinous^ Sulphide-f Pt^S, is obtained by decomposing platinous chloride with 
Bulphydric acid or an alkaline sulphide, or by heating 2 pis. of sulphur with 1 pt. 
of finely divided platinum or 2 pts. of chloroplatinate of amnioniutn. It is a black 
substance, permanent in the air, insoluble in water, scarcely attacked by mineral acids 
even with aid of heat. When it is lieated in contact with the air, tlie sulpliur burns 
away and the platinum remains. According to Bdttgor, it acts upon alcohol in contact 
witli the air like platinum-black, though much less rapidly. 

Viatinic Sulphide^ Pt*^S‘^, is prepared: — 1. By dropping aqueous platliiic chlo' 
rlile into the solution of an alkaline sulphydrat/e, or bypassing sulphydric gas through 
a solution of sodic chloroplatinate. (The precipitatis formed by siilpliydric acid in a 
solution of platinic chloride detonat(3S partially when heated.) — 2. By digesting 1 pt. of 
platinic chloride for several days with 4 pts. alcohol and 1 pt. sulphide of carbon. The 
mixture then concretes into a black mass, which when waslied with alcohol and boiled 
several times with water, loaves platinic sulphide to be dried in a vacuum. 

Platinic sulphide is black. When heated in a closed vessel, it gives otF half its sul- 
phur and is converted into platinous sulphide. When it is exposed to moist air, part 
of its sulphur is quickly oxidised to sulphuric acid. Hot nitric acid converts it into 
plfitinic sulphite. 

Platinic sulphide dissolves in alkaline hydrates, carbonates and sulphides, forming 
salts called sulphoplatinates, which are decomposed by acids. 

PXiATZXrUM, SVIiPKOCYAHrATSS OF. See Sulpuocyanatks. 

Pl^ATINinMC-BASSS, APKIMCOMTZACAX.. (Reisot, Compt. rend. x. 870 ; xi. 

711; xviii. 1100. — Qros, Ann. Ch. Pharm. xxvii, 241. - Pey rone, ibid. li. 1 ; Iv. 205; 
Ixi. 178. — Raewsky, ibid, Ixiv. 309; Ixviii. 3lG.~'Gerh ardt, Compt. chim. 1849, 
p, 273; Ann. Ch. Pharm. Ixxvi. 307. — Gm. xvi. 290 ct The chlorides, oxides, 

sulphates &:c. of platinum arc capjihle of taking up ammonia, and forming compounds 

which maybe represented as liydoramines hydrochloramines | 

similarly to tho arnmoiiiacal compounds of mercury (iii. 921). In this manner are 
formed tho five series of compounds formulated in the following tabic, in which R 
dmjotes a monatomic chlorous radicle : 


1. Diammonio-platinous compounds 

2n»N ) 

' Pt"R'^ J 

n« 

* Pt" 

IN* 

;r* 

2. Tetrammonio-platinous compotinds • 

4H»N 1 
. pt"R* } 

II 

>N* 

[R* 

3. Biammonio-platinic compounds 

2TPN ) 

II 

< 

|N* 

[r* 

4. Tetrammonio-platinic compounds 

4H®N ) 

• Pt‘-RS 



5. Octammonio-diplatinic compounds . 

8IPN ) 

IV* 

= tr ' 

Pt- 1 

fN* 

R® 

O'' 


Any number of atoms of the monatomic radicle R may be replaci'd by an equivalent 
quantity of another radicle, mono- or polyatomic, thus giving rise to oxychlorides, 
uitrato-chloridos, oxalonit rates, &c. 

1. Diammonio- platinous Co mp ound s . — These compounds are formed by the 
iiction of heat on those of tho following series, half the ammonia of tho latter being 
then given off. They are for the most part insoluble in water, but dissolve in 
ammonia, reproducing the tetrammonio-platinous compounds : they detonate when 
lieated. 

Chloride^ compound there are three isomeric modifications: 

«• Yellow^ obtained by adding hydrochloric acid, or a soluble chloride, to a solution 
diammonio-platinous nitrate or sulphate, or by boiling the green modification, 7, 
uitrate or sulphate of ammonium, whereupon it dissolves and forms a solution whicn, 
ou cooling, deposits the yellow salt ; — or, by neutralising a solution of platinous 
chloride in hydrochloric acid with carbonate of ammonium, heating the mixture to 

VoL. IV, X X 
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the boiling point, and adding a quantity of ammonia equal to that already contained 
in the liquid, filtering from a dingy green substance, which deposits after a while, then 
leaving the solution to cool, and decanting tho supernatant liquid as soon as the yellow 
salt is deposited. j8. If, in the last mode of preparation, the carbonate of 

ammonium, instead of being added at once in excess, be added drop by drop to the 
hydrochloric acid solution of platinous chloride, the liquid on cooling deposirs small 
garnet-colouised crystals having the form of six-sided tables. This red modification 
may also be obtained in other ways (Peyrone). 7. This modificaiion, 

usually denominated the qrwn salt of Marfrms, jvas the first discovered of the am- 
moniacal platinum compomids. It is obtained by graduaUy adding an acid solution 
of platinous chloride to caustic ammonia ; or by passing sulphurous acid gas into a 
boiling solution of platinic chloride, till it is completely converted into platinous chlorido 
(and therefore no longer gives a precipitate with sal-ammoniac) and neutralising tho 
solution with ammonia ; the compound is then deposited in green needles. The samo 
modification of tho salt may also be obtained by adding an acid solution of platinous 
chloride to a solution of tetrammonio-platinous chloride, N^ll ^Pt Cl . llenco it 

would appear that the true formula of this green salt is NM I ’‘I't^CP =1 1 CP.N*H‘Pt Cl-, 
that of the yellow or red rnodiiicntion being simply N'‘'H‘’Pt (vP. Kitlier modification 
of the salt, when heated to 300o, gives off nitrogen, liydrocliloric acid, and sal-ammo- 
niac, and leaves a residue of platinum. , , . , i ■ 

Platinous chloride forms similar compounds with othylarainc and methylammo 

^^A^red crystalline compound of diamrnonio-platiiious chloride with chloride of ani- 
monium, viz., N*TPPlCl'.-iNK‘CI, is formed when a solution of tetranimouio-phitinous 
chloride’ containing a large quantity of sal-ammoniac, is evaporated to the crystallising 
point Thus, when a solution of platinous cliioride in liyilroehlonc acid is precmilnlea 
by ammonia, and tlie gremi salt of Magnus thereby formed is heated, while si ill in tho 
liquid, with excess of ammonia, to convert it into bdrammonio-phitiiioiis ehloricle, tins 
red comiioiind separat es at a certain degree of concent ration, together with tho tot nuii. 
monio-platinous chlorido. (Grimm, Ann. Ch. Pbarin. xcix. 96.) 

Cyanide, adding hydrocyanic acid to a solution of telram- 

monio-platinous oxide, cyanide of ammonium being formed at the same time (Keiset): 

N‘Il>2pt"0 -H 4lICy = N*IPPt"Cy* + 2NII*Cy + H’^0. 

Also by digesting amraonio-platinous chloride with cyanide of silver It crystal- 
Mses’inLe regular needles of a palp colour do 

water and ammonia. A polymeric modification of this compound, N IJ 1 1 
N^H'“PtCY*PtCv*, is formed hy passing cyanogem gas into a moderatiiy eoiimi- 

trated solution of tetrammonio-platinous oxide; the lyanogen then decomposes 10 
water forming hydrocyanic and cyanic acids, and the liydrocyamc acid acts upon th 
tetrammonio-platinous oxide, forming the compound N'H^’'PtT.y , together wi 
ammonia and water : 

2N‘H'“PtO + 4IlCy = N*H'=Pt«Cy‘ + INIP + 2H«0. 

The compound N’lP'^Pt’Cy* crystallises out 

from water. It is also obtained bymixing a solution of tetrammonio platinous <.1 lor ^ 
with cyanide of potassium. It form.s crystals which, under the microscope, »P1»‘'' ’‘'j 
six-sidld tables%irranKed in stellate groups; it dissolves without Yrttroursil- 
potash, hydrochloric acid, and dilute suli.hunc acid, but is dciiomposed by strong . 
phuric and by nitric acid. (liuckton, Chem. Soc. Uu. J. iv. 34.) 

lodiAc, pj- 1 p*-— Yellow powder, obtained by boiling tho aqueous solution of the 
the compound Nni‘*Pt"I*. It dissolves in ammonia, and is thereby reconyerted mto 
the latter compound. 

Oxid e, N®H®Pt"0 * | q*. — O btained by heating tetrammonio-platinous y ® 

to 110®. It is a greyish mass which, when heated to 200® in a close 

water, ammonia, ^d nitrogen, and leaves metallic platinum. ^ 

U tot produced, and is afterwards resolved into nitrogen and platinum. 

3N*H»PtO = Pt‘N» + 4NH* + 3H*0. 

The oxide, heated to 200° in contact with the air, becomes incandescent, and burns 
Tiyidly, leaving a residue of platinum. 
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The atUphatCj and the nitrate^ obtained by boiling 

the iodide with 6ulp^to and nitrate of silver: they are crystalline and have a strong 
acid reaction. The sulphate retains an atom of crystallisation-water, which cannot be 
removed without decomposing the salt. 

2. Tetrammomo-platinous Compounds. 

Chi or id Of compound is prepared by boiling platinous chloride, 

or the green salt of Magnus, with nqueons ammonia till the whole is dissolved, 
and evaporating the liquid to the crystallising point. Or, by passing 6ul|ohurous 
acid gas into tetrachloride of platinum till the solution is completely decolorised, 
precipitating with carbonate of sodium, dissolving the preci[»itate of sodio-platin- 
ous sulphite in hydrocliloric acid, saturating the resulting solution of chloride of 
sodium and platinous chloride wif h ammonia, and dissolving the precipitate of di- and 
tctramraoiiio-platinous chloride in boiling hydrocliloric acid. The hltened liquid on 
cooling deposits the former, while the lefTJimnioniaeal compound remains in solution 
and may be obtained by evaporation, mixed however with sal-ammoniac. It separates 
ill bulky crystals of a faint yellow colour, containing 1 at. water, wliich is completely 
given off at 110*^. At 250° it gives off ammonia, and leaves diammonio-platinous 
chloride. The anhydrous compound rapidly absorbs water from the air. Tlie 
hydrate does not give off ammonia when tnuited with caustic alkalis in the cold, and is 
blit very slowly decomposed liy them, oven w'ith the aid of heat. 

Ethylamiue and methylaminc form similar compounds with platinous cliloride, 
(p. G79). 

TetramnwniO'-platmovs chloride forms two compounds wdth tidrachloride of platinum. 
The fii'st, whoso formula is 2N‘H'"Pt"Cr“.rt*’'Or*, is obtained as an olive-green pre- 
cipitate on adding ttslrachloridc of platinum to a solution of tetramnionio-platinous 
chloride; the second, NTI.‘‘'Tt"OP.Ft‘’^CP, by treating the preceding with excess of 
tetrachloride of platinum. 

N‘ ... 

Tetrammonio’cuprico-platinous chloride y is produced on adding platinic 

Pt" j 

cliloride to a concentrat-ed ammoniacal solution of cuprous chloriih’, as a violet or grey 
precipitate compo.std of prismatic crystals, insoluble in writer and in alcohol, per- 
manent when dry, slowly decomposed by water. (Mil Ion and Commaille, Co nipt, 
rend. Ivii. 822.) 

The bromide and iodide of this series are obtained by treating the solution of 
the sulphate with bromide or iodide of barium : they crystallise in cubes. 

Oxide, pp'|q"- — O btained by decomposing the solution of the sulphate with 

an equivalent quantity of baryta- w'ater, and evaporating the fdtrate in vacuo. A crys- 
talline mass is then left, containing the oxide. It is strongly alkaline and caustic, 
like potash, absorbs carbonic acid rapidly fi*om the air, and precipitates oxide of sihe.r 
from the solution of the nitrate. It is a strong base, neulralising acids completely, and 
expelling ammonia from its salts. It melts at 110°, giving off water and ammbnia, 
and leaving diammonio-platinous oxido. Its aqueous solution does not give off ammo- 
nia, even when boiled. 

Carbonates . — The oxide absorbs carbonic anhydride rapidly from the air, 
forming first, a neutral carbonate, N ’H^*Pt''C0®.H‘0, and afterwards an acid salt, 
NTl‘2pt"CO».Il*CO». 

sulphate, PP' obtained by decom- 

posing the chloride with sulphate or nitrate of silver ; they are neutral, and crystallise 
easily. 

Sulphites, — The salt USO*)^ obtained by boiling the green salt of Magnus 

in water with an equal quantity of ammonium-sulphite, as a white powder, in^luble 
in alcohol and in cold water, very slightly soluble in boiling water. By prolonged ebul- 
lition with excess of ammonium-sulphite, a solution is^ formed froni which amohol throws 
down oily drops, uniting into a glutinous mass of variable composition ; and the alcohol 
nsed for the precipitation deposits after a while small white flakes of another sulphite, 

(Peyrone, Ann. Ch. Phnrm. Ixi. 178; Gm. vi. 305.) 
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3. Diammonio-platinio Comjpound$, 

The chloride^ p?^|ci^ obtained by passing chlorine gas into boiling water in 

which diammonio-platinous chloride (the yellow modification, p. 674) is suspended. 
This compou^ is insoluble in cold water, and very slightly soluble in boiling water 
OP in water cRitaining hydrochloric acid. It dissolves in ammonia at a boiling heat* 
and the solution, on cooling, deposits a yellow precipitate, consisting of tetrammoniacai 
platinic chloride. The compound dissolves in boiling potash without 

avolving ammonia. A polymeric compound, 

N^H»WC1« « N'H>2Pt‘»Cl^Pt‘»Cl^ 

is obtained by passing chlorine into water in which Magnus's green salt is suspended. 
A red crystalline powder is at first precipitated , consisting of N ‘H'*Pt01*.PtCl* ; but on 
continuing the passage of the chlorine, this precipitate redissolves, and the solution 
yields, by evaporation, the crystalline compound, N'‘Il*^Pt2Cl''. 

H® f 

Nitrates , — An oxynitrate^ obtained by boiling the chloride, 

N*H®PtCl^, for several hours with a dilute solution of nitrate of silver. It is a 
yellow crystalline powder, sparingly soluble in cold, more soluble in boiling water 
II® > N* 

The normal nitrate, p(iT | ^ 2 yf() 3 p» is obtained by dissolving the oxynitrate in nitric 

acid : it is yellowish, insoluble in cold water, soluble in hot nitric acid. 

H® ) N* 

The oxide, > qj, is obtained by adding ammoni.a to a boiling 

solution of diammonio-platinic nitrate ; it is then precipitated in the form of a heavy, 
yellowish, crystalline powder, composed of small shining rhomboiVlal prisms ; it is 
nearly in.soluble in boiling water, and resists the action of boiling potash. Heated in 
a close vessel, it gives off water and ammonia., and leaves metallic platinum. It 
dissolves readily in dilute acids, even in acetic acid, and forms a large number of crys- 
talli sable salts, both neutral and acid, having a yellow colour, and sparingly soluble in 
water (Gerhardt, Compt. eliim. 1849, p. 273). Another compound of idatinic oxide 
with ammonia, called fahninatwg platinum, whose composition has not beam exactly 
ascertained, is produced by decomposing chloroplatinate of ammonium with aqueous 
potash. It is a straw-coloured powder which detonates slightly when suddenly heated, 
but strongly when exposed to a gradually increasing heat. 

II® ( 

The oxy -oxalate, ppTlCC'^O-*)", is formed by decomposing the nitrate with oxalate of 

ammonium. It is a light yellow precipitate, soluble in boiling water, and detonating 
when heated. 

The sulphate, obtained by dissolving the oxido in dilute sulphuric 

acid and evaporating. It is a yellow powder, having an acid taste, and soluble in 
boiling water. 


4. Tetrammonio-plaiinic Compounds. 

The oxide of this series has not yet been isolated. 

H»» ) N* 

Chloride, pprf cp* — Obtained by passing chlorine gas into a solution of tetram- 

monio-platinous chloride ; by dissolving diammonio-platinic chloride in ammonia, and 
expelling the excess of ammonia by evaporation ; or by precipitating a solution of 
tetrammonio-platinic oxynitrate or nitrato-chloride (p. 677) with hydrochloric acid. 
It is white, and dissolves in small quantity in boiling water, from which solution 
it is deposited in the form of transparent, regular octahedrons, having a faint yellow 
tint. When a solution of this salt is treated with nitrate of silver, one half of the 
chlorine is very easily precipitated, but to remove even a small portion of the remainder 
requires a long-continued action of the silver-salt (Grimm). A compound having 
the formula N‘‘H*®PtCl*, containing, therefore, 2 at. Cl and 2 at. H less than the pre- 
ceding, is obtained by dissolving chloroplatinate of ammonium in ammonia, and pre- 
cipitating by alcohol ; but it does not ciystallise, merely drying up to a pale yellow 
resinous mass : hence its composition is doubtfuL 

Chlorohromide, H'*N*Pt‘^Br*Cl*. — Prepared by treating tetrammonio-platinous 
chloride with bromine. 
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w»i 

basic or oxynfiJrajfe, (NO*)*, is produced by boiling tbd 

nitrato-chloride h ■mth ammonia. It is a wliito amorphous powder slightly soluble in 
cold, more soluble in boiling water. 

Nitrato-ohloridey — This salt, discovered by Oros,;^s obtained by 


treating Magnus’s green salt with strong nitric acid. The green compound first turns 
brown, and is afterwards converted into a mixture of platiiiurii and a white powder, 
which is dissolved out by boiling water, and crystallises on cooling in shining, fiatteuod, 
colourless or pale yellow prisma ; 


2N'^II«PtGl* + ‘2IINO* « N^H'*l>tCP(NO*)* + Pt + 2HC1. 

This salt dissolves readily in water, especially when he ated. The chlorine and pla- 
tinum contained in the solution caiinut be dotocted V)y the ordinary reagents ; thus 
nitrate of silver and aulphydric acid yield but very trifling precipitates even after a long 
time. 


OxalochloridBy — Oxalic a«id or an alkaline oxalate added to the 

M CP 


solution of the corresponding sulpha! o-chloride or nitrato-chloride throws down this salt 
in the form of a white granular precipitate, insoluble in water, 

Oxalo-nitratt\ t>hv — Peposited as a white crystalline body from the 

({NO^Y 

solution of octaramonio-diplatinic oxalo-nitrate in dilute nitric acid. 

jjiiC , 

Phosphate -chloride, (P0^)''^JH*0. — Obtained as a crystalline precipitate 

(. Cl 


on mixing a warm concentratcnl solution of the nitrato-chlorido with trisodic phos- 
phate ; from cold dilute solutions tlie salt crystallises, after a longer time, in radiate 
groups of small, white, strongly lu,strous needles. It is nearly insoluble in cold, 
and only slightly soluble in boiling water. (Eaewsky.) 

X|12 ( 

Sulphate -chloride, ,5, (SO^)'". — Obtained by treating tetrammonioplatinic chlo- 

I 

ride or nitrato-chlorido with dilute sulphuric acid, or by mixing the solution of the 
nitrato-chlorido with a strong solution of a soluble sulphate. It crystallises in slender 
noodles, sparingly soluble in cold, moderately soluble in boiling water. The sulphuric 
acid iu the solution is not prt‘clp)itated by barium-salts. The sulphato-chloride is, 
howeveu’, decomposed by hydrochloric or nil ric acid, tuther of wliieh takes the place of 
the sulphuric acid, reproducing the chloride or nitrato-chloride. (G ros.) 


5. Octammonio-diplatinio Compounds, 

N* 

Oxynitrate or BasicNiirate,V\^^^]^{J^^)\—I^\^ salt is produced by boiling 

tetrammonio-plat.inous nitrate (p. 67»^) with nitric acid. It is a colourless, crystalline, 
detonating salt, .slightly soluble in cold water, more soluble in boiling water, insoluble 
in nitric acid. (Gorhardt.) 

H« 

Nitrat-oxy chloride. Ft*'' 

FP’^ 

when Magnus’s green salt is boiled with a largo excess of nitric acid. Eed fumes are 
then evolved, and the resulting solution deposit.s the nitrat-oxychloridc in small brilliant 
needles which deflagrate when heated, giving off water and sal-ammoniac and leaving 
metallic platinum. 


(No*y 

O" 

Cl« 


♦ — This salt, discovered by Eaewsky, is formed 


* Raewskv assJttns to this salt the formula 8NlP.^tW0^2N30^ which wntains 2 at. oxygen more 
th:in that above fifven, and corresponding forroulce to all the other salts of thw senes. Such lormulae, 
however, could not be reduced to any type similar to those by which the other aminoniacal 
O' mpounds are reoresented, and moreover RaewsUy’s platinum-determinations ayoear to 
hiw, having been made by a method which almost necessarily involves a loss of ptatinum. Gerhardt 
therefore proposed the formulae above given. 
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The nitric acid in this salt may bo replaced by an equivalent quantity of carbonic or 


oxdlie acid, yielding the salts Pt‘» 
Pt*'' 


ingly soluble and easily cryatallisable. 


Cl* 


^ , both of wliich are spar- 
CP 


* 

Khasic Qxalonitraie^ 

Pt*^ 


oxalate of ammonium to the oxynitrate. (G-erhardt.) 


N* 

(NO®)** water, is obtained by adding 

^ O" 


Theories of the Constitution of the Ammoniacal Tlatinum-compounds, 


o. These compounds may be formulated as salts of ammonium-bases, if it be ad- 
mitted that the hydrogen in the ammonium-molecule may in some cases be partly 
replaced by ammonium itself, in others by the diatomic radicles, Pt'^'Cl® and Pt‘*0: 
thus, taking the clilorides for example: 


N*H®Pt"Cl* 

Diammonici. 
platinous chloride. 


N*(Il'Tt").CP. 

ChloruU* tif I*l:itoso- 
diainmouium. 


N^H**Pt"CP 

Totrammonio- 
platiiious chloride. 


N*[H‘(NH^)*Pt'^.CP. 

Chloride of DiammuplatoEo- 
diainmonlum. 


N*H«Pt‘-CP 

Diammonin- 
platinic chloride. 


N*[H«(Pt*^CP)"].Cl* 

Chloride of Chloroplatoso- 
dinmirioniiim. 


Nqi**Pt‘-Cl‘ 

Tetramnionio- 
plutinlc chloride. 


N*(H»*Pt‘*').CP. 

Chloride of Platino- 
tetraminonium. 


In like manner, diammonio-platinic oxide, N^IPPtPO*, may bo formulated 
as oxide of oxyplatosammonhim, N*[H*(Pt*'*0y"].0 ; diammonio-platinic oxynitrate, 

N*H®.Pt*^ I j , as nitrate of oxyplatosodiammmonium, N“[Tl®(Pt*^0)''J.(N0®)*; 

1r ((NO®)^ 

liaewsky’s octammonio-diplatinic-nitratoxychloridc, N®H**.Pt‘'< 0", as nitrate of am- 

( Cl* 

mo-oxychloro-platlno-tctrammonium, N<[H"(Nn*)'‘(Pl*^0)"(Pt‘*'Cl*)"](N0®)*, &e., &c. 

Gerhardt's Theory. Gorhardt regarrls the ammoniacal platinum-compoundH as 
salts of ammoni-a-basea formed by the substitution of one or two equivalents of platinum 
for hydrogen in a single or double raoleeuleof ammonia, NH®, admitting, howeV('r, that 
platinum may enter its compounds with two different equivalent weights, namely ns 
platinosiun = 987 == Pt, and as 'phitinicmn ~ 49-35 = pt. This being admitted, 
the ammonio-platinouH compounds may be regarded as salts of platosamine NlPPt 
and of diplatosamino N*n®Pt, and the ammonio-platinic compounds as salts of 
platinamine NHpt* and of diplatinamiiie N*ll'pt*: thus 


J(N*H«Pt"d*) 

Diammonio- 
platinous chloride. 

i(N*H‘*Pt"Cl*) 

Tetrammonio- 
plutinous chloride. 

J(N*H®Pt'’*CP) 

Diammonio- 
platinic chloride. 

J(N<H»Pt‘»CP) 

Tetrammonio- 
platinic chloride. 


Tetrammonio-platlnic 

Kitrato.:«hloride. 

N*H*®.Pt*(N0«)K)l*0 

Octammonlo-dipl atlnic 
Ditratoxychloride. 


NH*PtJlCl. 

Hydrorhlorate of 
PlHtosainiiie. 

N^H®Pt.IICl. 

Hydrochlorate of 
Diplatosamiuu. 

Nnpt*2HCl. 

Dihvdrochlorate 
of riatinamine. 

N*H<pt*-2HCl. 

Dihydrocblorate of 
Diplatiuamine. 

NWjlSo* 

Chlorhydro-nitrate . 
of Diplatinamine. 

Seiquiehlorhydronltrate 
of Uiplatinainin*. 
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'These formulae, however, as well as those based on the ammonium- type (p. 678), 
must be regarded merely as numerical expressions, and not by any means as repre- 
sentations of the rational constitution of the compounds, 

p&ATZXrulMI-BASESf ORCrAXTZC. Mcthylamine and ethylaniino act readily 
at ordinary temperatures on pUitinous chloride suspended in water, forming compounds 
analogous in composition and properties to Magnus’s green salt (p. 674). The methyl- 

amine-sal (CH*N)^Pt-Cl^ = Pt"CP.(CH'‘N)^Pt"CP, is a chromo-green powd<T; the 

fthfila mine-salt, (C'‘*H'N) ‘Pt‘CP, is chamois-coloured ; both are insoluble in water. The 
nutiiylaniine salt boiled in a sealed flask with excess of metliylamiiie, gradually 
dissolves, leaving only a small quantify of a black detonating substance analogous to 
fulminating platinum (p. 676), and the solution evaporated to a syni]), ultimately 
f^nlidiHcs to a crystalline mass of the salt (CH'’N)'‘Pt"(’P, aniilogous to teframmonio- 
plulinous ehlorido (p. 675). T\w efhyliunhic-salt (C'‘IPN)^Pt' OP, prepared in like 
nunmer, crystallises in splendid colourless prisms containing 2 at. water, moderately 
.soluble in water, sparingly so in alcohol. This salt treated with sulphate of silver 
yields chloride of silver, and Utrethylammomo-jilaiinoiis siflpkate (C-lPN)*.Pt"(SO^), 
ill colourless crystals of considerable size. (Wurtz, Ann. Cli. Phys. [13 1 xxx. 443.) 

Ckinotine Invited to boiling with i3latinous chloride fonus a ])ale yellow powder, 
(C'’IPN)“.Pfc"CP, whicli is nearly insoluble in w-ater, but dissolves in excess of chi no- 
line, forming a solution from which acids throw down the yellow hydrochlorafr, 
((''•TPN)'-’.Pt/'(h®.2TTCl; this latter, when boiled with cliinoline, is reconverted into the 
oriirinal substance. (Gr. Williams, Jahresb. 1858, p. 357.) 

PijxriJive forms under similar circiimstances, arid with energetic action, a yellow 
coni]>oiuid (C*J I "N)'^ Pt"CP, soluble in a large quantity of boiling water, ((jlr. W i 1 1 i a m s.) 

PZiATZUrvnx-BXiACB:. Sec Platinum (p. 666). 

PIiATIwrtriH-ORE or Native riatinum. This ore is usually found in aurifl rous 
alluvial sand or drift, in thin scales or irregular grains not exci'cding tlie size of a 
small pea, occasionally however in larger masses or nuggets; one of these w'cighing 
,S()0 grammes was found in the gold mine of Condoto, Peru; and in the mines of 
Dciuidolf in the Ural, mas.ses have been found weighing GJ, 9, and OA kilogrammes. 

riatinum-oro is composed essentially of platinum, iridium, osmium, palladium, 
riiodium, rulheniiim, iron, copper, and osmidcof iridium, wuth which also arc associated 
clirome-iron, titiiniferous iron, small scales of alloys of gold and silver, small hyacinths, 
and small quantities of mercury and sand. 

Analyses: a. From (Siroblagodat in the Ural; non-mngnctic ; a. by Px^rzelius 
(rogff* Ann. xiii. 435, 527, 553); j8. by Claus, Bdiraye sar Geschiohte dcr Plaiin- 
mekdlr, Dorpat, 1854, p. 00).— A From Nischuc Tagihsk: a. by Osanii [liammelsbcrg's 
Minrralchcmic,\). 11); l3. Very dark grey; magnet, ic; y. Dark gny, non-rnagnetic 
grains (Berzelius). — c. From Barbacon, Oregon: larger grains (Berzelius). — 
(/. From tlie same locality ((Jl aus).— t*. From Borneo: small grains (after deduction 
of :h8 per cent.osmidc of iridium and 0’2 gold (Bucking, Ann. Ch. Pbarm. xevi. 243). 
— /. From the same: lam i mu or flat grains (after deduction of 3'97 per cent, gohl and 
8-.S3 insoluble matter, contaiiiiiig osmide of iridium and l'G3 per cent, cupric and lerric 
oxides) (Bleckorode, Pogg, Aim. ciii. 65G). 



a. 

b. 

c. 

d. 

e. 

/. 


a. 

/3. 

a. 


7 - 





riatinum 

86-50 

85-97 

83-07 

78-94 

73-58 

84-30 

81-80 

86-10 

82-05 

Ithodium 

1-15 

()-9G 

0-59 

0-86 

1-15 

3-46 

207 


0-59 

Iridium 


0-98 

1-91 

4-97 

2*35 

1-46 

1-02 

0-69 

716 

Osmium* . 

.• 

0-54 



. . 

103 

1-01 

0-31 

1-34 

Palladium . 

1-lb 

0-75 

0-26 

0-28 

0-30 

1-06 

1-00 


1-69 

Iron . 

8-32 

6-54 

10-79 

11-04 

12-98 

5-31 

8-28 

11-12 

6-78 

Copper 

0-46 

0-86 

1-30 

0-70 

5-20 

0-74 

0-G4 

0-14 

0-39 

Admixtures, osmiri- > 
dium &c. \ 

1-40 

- 2*10 

1-80 

1-96 

2-30 

0-72t 




\ 

98-92 

98-70 

|99-72 

98-76 

j97'86 

98-08 

98-82 

98-36 

100-00 


• The lois coosiats partly of osmiumt 


t Quartz. 
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The following table contains the results of analyses of platinum-ore from various 
localities by Doville and Debray. 





Columbia. 

California. 

Oregon. 

Spain. 

Anitrallo. 

Rumia. | 

Platinum . 



86* '20 

80*00 

76*82 

85-50 

79-85 

7n*.5o 

51-45 

45-70 

69*8 

61-40 

77*60 

76*4 




0*85 

l-M 

1*18 

1-05 

4-20 

0-85 

0-40 

0-95 

2*2 

1-5 

1-10 

1*45 

4-3 

Hhodiiim . 



1-40 

•2-50 

1*22 

1-00 

0*65 

1-95 

0-65 

2-65 

1-85 

2 80 

0*3 

Palladium 



0*f)0 

1-00 

1-14 

0-60 

1-95 

1*30 

015 

0-85 

1-5 

1-80 

0-85 

1-4 

Gold 



i*on 

1-50 

l-2‘2 

0-80 

0-.55 

1-20 

0-85 

.3-15 

2-4 

1-20 

* 

0-4 

Copper . 
Iron . 



()-60 

O-fiS 

0-88 

1-40 

0-75 

1-25 

2-15 

1-05 

1-1 

MO 

2- 15 

4-1 



7-80 

7-‘20 

7-43 

6*75 

4-45 

6* 10 

4-30 

6-80 

4*3 

25-0 

i-.'S.'i 

9- Of) 

11 7 

Osm-irldium 



0-95 

1*40 

7-98 

1-10 

4-95 

7-55 

37-30 

2-85 

26 00 

2*35 

0 5 

Sand . 



0-95 

4-3.^ 

2*41 

2*95 

•2*60 

1*50 

3-00 

35-95 

1*2 

1-20 

l*l)() 

1*4 

Lead 

Osmium and loss 


* • 

• * 

. . 

. . 

0-05 

0- 55 

1- 25 


0*05 

0*8 

* • 

2*30 





100* 2d 

100-15 

100* 28 

101-15 

100-00 

1 i 
§ 1 

100-25 

100-00 

99-8 

100-20 

100*00 

1005 


Metbods of Anfedyals. The first complete method of analysing platinum-oro was 
given by Berzelius in 1828 ; this will be found fully described in Gmdhi'H Hmulhook 
(vi. 259 —264). Claus in 1854 {Bdtrdge zur Crcsrhichtf' dcr Plaihrm dalle) proposed 
a simpler and in some respects more exact method, and recently another method h;is 
been devised by Deville and Debray (Ann. Ch. Phys. [3] Ivi. 385; Jaliresb, 
1859, p. 243). 

Claus's Method, a. Mechanical 'preparation of the ore and solution in nitro- 
muriatic ac«/.— This part of the operation is performed by Claus in the same manner 

as by B e r z e I i u s. i i 

The ore, after being freed from grains of foreign matter by mechanical separation, 
and by the magnet, is treated with dilute hydrochloric acid, which dissolves fen-ie 
oxide and metallic iron. It is then heated in a tubulated retort having a cooled 
receiver adapted to it, with concentrated hydrochloric acid, to which strong nitric acid 
is added from time to time, as the action diminishes in intensity. An excess of nitric 
acid must be avoided, because it would decompose the chloride of indium, and ciuiso 
the separation of oxide of iridium on evaporation. The Innit is continued till the 
residue in the retort becomes syrupy and solidifies on cooling ; the saline mass is 
dissolved in a small (quantity of hot water; and the solution is carefully decanted from 
the insoluble residue. The distillate, w’hich has a yellowish colour arising from chloride 
of platinum which has spirted over, is tlien poured u]>on the residue, and distilled 
again, without boiling, wdierenpon a colourless distillate of dilute osmic acid is obtained. 
8hoidd the residue still contain any soluble matter, it must be again treated in the 

same manner w’ith aqua- regia. , . , i t i • -j 

The distillate is neutralised with ammonia or lime ; saturated with sulphyclric acirt 
gas’ in a bottle nearly filled with it; and set aside for some days with the bottle closed 
till the precipitate settles down ; after which the watery liquid is separated from the 
Bulpliido of osmium by decantation and tiltoring. In this manner the quantity o 
osmium in the distillate is determined (p. 244). i j ^ t 

/3. Separation of the other fnetals . — The mode of separation is founded; first, on the 
insolubility of cldoroplatinate of ammonium, and the corresponding salts of indium, 
osmium and ruthenium, also of chlororuthenite of ammonium, in sal-ammoniac solution ; 
secondly, on the solubility of chloriridite. of aramonium (iii. 318), and of the cor- 
responding rhodium-salt in sal-ammoniac solution ; and thirdly, on the conyertibili y 
of chloriridate of ammonium into chloriridite by the action of sulphydric acid. 

The solution containing the platinum &c., after being separated from the residue, 
is evaporated to dryness over the water-bath in a porcelain basin, and heated for some 
time in a sand-bath to 1400—150® in order to convert the tetrachloride of indium into 
trichloride. A small quantity of hydrochloric acid is then added ; the whole is dissolvid 
in water, and mixed with a strong solution of sal-ammoniac; and the resulting prey 
cipitate of chloroplatinate of ammonium is collected on a weighed filter, washed witii 
dilute sal-ammoniac, then with alcohol of 0*80® : when dried and weighed it gl^ e9 
quantity of platinum. This platinum contains merely a small quantity of indium, 
from which it may he freed by solution in nitromuriatic acid ® 

nitric acid. The iridium is then left behind, and may be calcined with the filter, men 
reduced by hydrogen and weighed. ^ , 

The mother-liquors from which the chloroplatinate of aramonium has separated, fl 
mixed with the wash-waters, and exposed to the action of a current of chlonne 
they assume the brown-red colour of tetrachloride of iridium, then evapora ^ . 

dryness over the water-bath ; and the diy mass reduced to fine powder is treated w 

V Gold (if any) counted with the loss. 
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alcohol of 80 per cent, till the washings become quite colourless. The filtered liquid 
contains all the iron and copper — which may be determined by the ordinary methods — 
witli scarcely any traces of the platinum-metals. 

The residue insoluble in alcohol contains all the platinum-metals except osmium ; 
the quantity of ruthenium in it is however too small to bo estimated. By washing it 
a dilute solntion of sal-ammoniac, till the liquid, which is red at first, runs off 
colourless, tho rhodium and palladium are cntircily dissolved, while platinum and 
iridium remain behind (A). The solution is evaporated to dryiicss ; the dry residue 
is calcined in a closed platinum crucible, tlien reduced by hydrogen, and the mixture 
of rhodium and palladium is weighed. The two metals are then treated with nitro- 
niuriatic acid ; tho resulting solution, which contains all tho palladium together with 
It little rhodium, is evaporated nearly to dryness, mixed with a drop of caustic soda- 
solution, and precipitated witli cyanide of mercury; and th<5 precipitate, aft»!r washing, 
(hying, and ignition, is reduced with hydrogen and weighed as palladium. The 
quantity of this metal deducted from tho total weight of the two metals, gives the weight 
of the rhodium. 

The residue (A) containing platinum and iridium is heated with water to tho boiling 
point, and mixed with a quantity of aqueous sulphydric acid, sufficient to convert tho 
tf'trachlorido of iridium into trichloride. The liquid, highly concentrated but not 
filtered, is next mixed with a strong solution of sal-ammoniac, whereby all the platinum 
is procipituted, and the iridium retained in solution. Tlio liquid is filtered; tho pre- 
cipitate washed w’ith a strong solution of sal-ammoniac ; the filtrate evaporated to 
dryness; the salt carefully ignited ; and the iridium weighed after reduction in a 
stream of hydrogen. The platinum-salt is likewise ignited, and the quantity of 
platinum which remains is added to that previously obtained. To prevent loss, it is 
advisable to wrap up the saline mixture, which contains a large quantity of sal- 
ammoniac, in filter-paper, and ignite it as carefully as possible. 

The residue insoluble in nitromuriatic acid is disintegrated, according to WdhlerVs 
method (iii. 314), by mixing it with chloride of sodium, and igniting it three times 
in a stream of moist chlorine. Tho mass is then digested several times with wat(?r, 
and the united solutions, which, besides a large quantity of common salt, contain all 
the platinum-metals (but only a small quantity of palladium) an(l con.sidorablo 
quantities of iron and copper, are strongly concent.rated and treated with tdilorine to 
(’onvert the trichloride of iridium into tetrachloride. A strong solution of sal-ammoniac 
is then added, which after a while throws down tlui whole of tho platinum, iridium, 
ruthenium, and osmium, while rhodium, palladium, iron and copper remain iu solution. 
The precipitate is washed with water containing sal-ammoniac, then dissolved in 
boiling water, and the solut ion is kept for some time at tho boiling heat, and mixed with 
a few drops of ammonia, wliich precipitates osmium and ruthenium. To separate 
these metals, th(i precipitate is fused in a silver ciuicible with a mixture of 2 pts. nitrate 
and 1 pt. hydrate of pt^tassium, and the fused mass is treated with distilled water, 
whereby a solution of o.sniiate and rutlieniate of potassium is obtained. The ruthenium 
is then precipitated as trioxide by nitric acid, and separated from any osmium that it 
may still contain by distillation with nitric acid; tlio osmium in the solution is like- 
wise separated iu the same manner. Tho residue containing ruthenium and nitrate of 
potassium is treated with hydrociiloric acid, and the litjuid is concentrated by evapora- 
tion. On cooling it deposits crystals of nitre, and the mother-liquor, on further con- 
centration, deposits chlororutheriial o of iiotassiura, from which tho ruthenium may bo 
separated in the metallic state (see Ruthenium). 

The solution containing the platinum and iridium is treated for the separation of 
these metals in tho manner above described. See also Osmiuiuium (p. 240). 

Devi He and Debray's method. — 1. To determine the sand (quartz, zircon, 
chrome-iron, and titaniferous iron), 2 graniraes of the ore are fused in a small earthen 
crucible, with 7 to 10 graraines of pure granulated silver and 10 gramnu a of fused borax ; 
and after cooling, thc 3 button of .silver which contains the osmium, platinum, and all 
the other metals, is detached, and digested if necessary, with w(*ak hydrofluoric acid, 
to remove the last portions of borax, — then dried, heated to redness, and weighed. 
The weight of the button deducted from the sum of the weights of the ore and the 
silver employed, gives the quantity of sand in the ore. j 

2. To determine tho Osmiridium. — Two grammes of the ore are digested 
at 70® with nitromuriatic acid (composed of 2 vols. strong hydrochloric and 1 vol. 
strong nitric acid) till tho platinum &c. is completely dissolved, renewing the nitro- 
niuriatic acid till it no longer becomes coloured after 12 or 16 hours action. The 
solution is very carefully decanted from tho residue (any 8pangle.s of osmindium 
that it may deposit on standing being collected on a filter and added to the residmO , 
and this residue is thoroughly washed by decantation, then dried and weighed. T ho 
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difference between this weight and that of the sand premnsly determined gives the 
weight of the osmiridium. 

The regnline mass free from sand, obtained in the first stage of the process, may also 
be used for the estimation of the osmiridium, the silver contained in it being dissolved 
out by nitric acid, and the residue, which contains the osmiridium, treated in the 
manner just described. 

3. To determine the platinum and iridium, the solution obtained by treating the 
ore with nitromuriatic acid is evaporated nearly to dryness at a gentle heat; the residue 
is treated with a small quantity of water (in which it should dissolve completely), then 
with a volum(3 of pure alcohol equal to twice that of the water; a large excess of pure 
crystallised chloride of ammonium is added; and the liquid is gently warmed till the 
sal-ammoniac is nearly dissolved, then stirred, and left at rest for 24 hours. The 
resulting precipitate containing the platinum and iridium (but not the whole) is col- 
lected on a filter, washed with alcohol of 75 percent., then dried and ignited at the lowest 
possible temperature — strips of paper moistened with oil of turpentine being repeatedly 
thrown into the crucible after the filter lias been burned, in order to reduce tlie oxide 
of iridium and expel tjie last traces of osmium, — and finally heated to whitein'ss till the 
weight becomes constant. The mixture of platinum and iridium thus obtaim d is 
weighed and digested at 40° — 50°, with nitromuriatic acid diluted with four or five 
times its wciglit of water, the liquid being renewed from time to time till it no longj^c 
becomes coloured; the undissolved portion is pure iridium. The liquid decanted from 
the above-mentioned precipitate (containing platinum and iridium) formed by tlie 
pal-ammoniae, is evaporated t ill a great part of the sal-ammoniac has crystallised out, 
and filtered when cold ; it then deposits a small additional quantity of platinifi'roiis 
chloriridiate of ammonium, which is to be washed with solution of sal-ammoniac, then 
with alcohol, and treated as above. 

4. The alcoholic liquid freed from platinum and iridium by precipitation with sal- 
ammoniac still contains palladium, iron, copper, gold and rliodium. It is freed from 
alcohol by warming, from sal-ammoniac by digestion with excess of nitric aeid (which 
resolves this salt into nitrogen and hydrochloric acid), then evaporated nearly to dry- 
ness. The residue is completely dried in a porcelain cnicible which can be covered, 
then moisitened with concentrated aqueous sulphide of ammonium, carefully and com- 
pletely dried after addition of 2 or 3 pts. of pure flowers of sulphur, and linally 
heated to bright redness, the porcelain crucible being placed witiiin a covereil earthen 
crucible, so that luiiips of charcoal may bo placed between the two, and ignited from 
n>)ovo downwards. The. w^elghed contents of the crucible, consisting of reduced palla- 
dium, siilpliid (3 of iron, Fe*S\ sulphide of copper, Ou*S, and metallic gold and rhodiuta, 
arc digested for some time at 70 ° with rather strong nilric acid, which dissolves 
palladium, iron and copper; the solution is evaporated to dryness ; the residue heated 
to dull redness ; and the ignited mass treated with somewhat dilute hydrochloric acid 
which dissolves the iron and copper as ferric and cupric chlorides, leaving palladium 
undissolvcd. On (‘vaporating the solution to dryness at 100°, and treating tlie residue 
with aqueous ammonia, the Copper dissolves as cu 2 )ric chloride, while the iron 
remains as ferric oxide. Tlie aininoniacal solution is conccntral ed, the copper converted 
into nitrate by addition of nitric acid and evaporation, then into cupric oxide by 
igniting the residue, and weighed in tliat form. Lastly, the portion of the contents of 
the porcelain crucible, insoluble in nitric acid, consisting of gold and rhodium, is 
digested in weak nitromuriatic acid, which dissolves the gold and leaves the rhodium. 

it is by this ra(4hod that the analyses of plat iniiin -ore, therti.sults of which are given 
at page 680, were made. For the commercial assay of platinum-ores, Devdlle and 
Debray give the following method. 

The gold is extracted by repeatedly treating the ore with small quantities of mer- 
cury and weighed after distilling off tho mercury from the liquid amalgam. ^ This pro- 
cess makes the amount of gold rather too small ; on the other hand, it is obtained 
slightly in excess by treating the ore with weak nitromuriatic acid, evaporating, and 
Igniting the residue. 

The sand is determined as above described (p. 681). 

To determine the p 1 a t i ii u m, 50 gnns. of tho ore are fused \^ith 7 5 grms. of pure lead, 
60 grms. of pure well crystallised galena, and 10 to 15 grras. of borax, tho heat being 
raised to the melting point of silver and kept at that temperature till no more grains 
of platinum can be perceived on stirring the fused mass with a pipe-stem, after which 
the heat is increased and 50 grms. of litharge are graclually added in proportion as it 
is reduced. The whole is then left to cool, and the reguline mass, after being cleansed 
from slag, is weighed. The mass, weighing about 200 ^ms., contains the platinum- 
metals alloyed with lead, also the osmide of iridium mixed up with its lower part, 
while the iron and copper have passed into the slag. The lower portion of this regulus 
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jB next sawn off; the upper (amounting to about y^ths of the whole) is weighed together 
^ith the shavings ; a portion of it, amounting to Jth, is cupelled with an exactly weighed 
portion of silver (equal to 5 or 6 times the weiglit of platinum supposed to be present), 
and if necessary with an additional quantity of lead, at the temperature required for a 
gold assay. The platinum then remains alloyed with silver, and the weight of tho 
latter, diminished by that of the silver added, gives the weight of the platinum, and 
ten times this weight is tho total amount of platinum in the portion of ore taken for the 
assay. This result is however affected with a slight error, arising from the small 
quantity of osmiridium in the lower part of the regulus. To avoid this source of inac- 
curacy, tho following method may be adopted. 

The lower part regulus is heated with ten times its weight of nitric acid 

diluted with an equal volume of water, till all the lead is dissolved, and nothing is left 
but a fino powder consisting of platinum and osmii'idium. Tliis residue, after 
being carefully washed by decantation, first with acidulated, then with pure warm 
water, is dried and weighed, then treated with nitromuriatie acid, wliich dissolves out 
the platinum ; and the osmiridium which remains undissolved is finally washed, dried, 
and weighed. Its weight, deducted from that of the residue insoluble in nitric acid, 
gives the weight of the platinum. 

The proportion of platinum found by the assay must howtwer bo diminished by 
about 4 per cent, to allow for the palladium, rhodium, and iridium which exist in the 
ore always to the amount of 4 to 5 per cent, and are not separated by the process just 
described. 

Platinum-residues. — For the analyfSis of the matters which remain iindissolved 
when platinum-ore is digested in nitromuriatie acid (insolublo residues), and for those 
ol)taim‘d by precipitation with metallic iron from the solution previously freed from 
platinum and palladium (precipitated residues), Deville and Debray give tho following 
methods. 

o. The insohthU resichm contain all the platinum-metals, but consist chiefly of osmi- 
ridiiim and sand in very variable proportions. 60 grms. of the residue are introduced 
into a crucible tog<'thor with 150 to 200 grins, litharge and 50 to 100 gians. lead— tho 
lead at the bottom, then the mixture of platinum -residue and litharge, and pure 
litliarge at the top — and lieatecl to redness for half-an-hour, stirring fr-om time to time 
with an carthonw'are rod ; after which the crucibh^ is left to cool and the regulino mass 
is freed from slag (tho litliarge may be completely removed by a few hours’ ti’catment 
with hot acet ic acid and subsequent brushing). This mass is treated with dilute nitric 
acid at 100^ till the h'ud is completely dissolved ; the solution, which contains lead and 
palladium, is freed from lead by a slight excess of sulphuric acid, then evaporated 
nearly to dryness at a temperature not ('xeeoding 120° ; the residue is treated with 
water; and from the resiiUing solution, tho palladium is precipitatid as cyanide. 
Tho residutj left iindissolved by the nitric acid is tliorouglily wasluul wdth boiling 
water slightly acidulated with nitric acid; then dried and welglied ^let the weight bo 
called A); treated with nitromuriatie acid, whicli quickly dissolves tlie platinum 
together with a little iridium and rhodium; and the weight (B) of the iindissolved 
matter is determined : tliis is o s mix* i di urn. The nitromuriatie acid solution contains 
cliiefly platinum, the quantity of wliich is nearly equal to A -B. Its weight may 
he more exactly determined, togidher with that of the iridium, by precipitating a 
finely divided mixtiiro of the tw’o metals in tho manner given at page- 681, and dis- 
solving out the platinum with weak nitromuriatie acid. The rhodium may also be 
determined by the metliod already given for the analysis of platinum -ores. 

3. The •precipitated residues are analysed nearly in tlxe same manner, a smaller 
quantity, however, viz. 10 grins., being taken, and fused with 10 to 15 grins, lead and 
30 to 40 grms. litharge. Tho resulting mctiillic mass contains — besides lead, which 
must bo carefully precipitated as sulphate — palladium, to be precipitated as cyanide 
in the manner above de.scribed, and rhodium, which may lie deterinined by evapo- 
rating the filtered liquid to dryness, and reducing the residue with addition of sulplxur 
in the manner described at page 682, No. 4. Fi-oin tlie residue insoluble in nitric acid 
the platinum is dissolved by nitromuriatie acid, together with small quantities of 
iridium and rhodium, to bo detorrained by methods already detailed, and there 
then remains a residue consisting chiefiy of iridium together with a small quantity 
of osmiridium (which was probably suspended in the liquids from which the 
cipitatod residues were obtained). The slag, consisting chiefly of liUiargo, contains the 
iron and copper wliich were present in the precipitated residues. 

The following are the results of the analysis of several platinum residues made by 
this method. 
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ImolvhU Besidues. 



1 

2 

3 

A 

5 

6 

7 

a 

9 

Osmiridium . 

12-35 

34-00 

29-16 

92-60 

96-10 

94-20 

26-60 

83-60 

60-10 

Palladium . 

018 

, , 

. , 

0-02 

0-02 

0-02 

0-70 


0-37 

Platinum with traces of ( 
Iridium . . { 

0*53 

• • 

0-90 

0-78 

0-18 

0-86 

7-00 

j 

2-14 

Rhodium • 

0-16 

. 

i 0-13 

0-10 

0-20 

0-88 

0-20 


1-36 

Sand .... 

86-79 

66-00 

69-82 

6-60 

3-50 

4-04 

66-50 

16-4*0 

36-03* 


100 

100 

100 

1 

100 

100 

100 

100 

100 

100 


'Precipitated Besidwi, 



a. 




h. 

Palladium 

0-8 

Osmiridium 



2-2 

Platinum 

0-8 

Palladium . 



1-2 

Rhodium ..... 

2-1 

Platinum . 



0-5 

Rhodium, Iridium and Osmiridium 

21-8 

Iridium 



. 23-3 

Common metals .... 

74-2 

Rhodium . 



6-4 



‘ Common metals 



. 66-4 


100-0 




100-0 


a. From the Russian mint : small irregular masses. 
h. Black powder with crystalline scales. 


Analysis of Osmiridium according to Bevillo and Debray. — The sand is first 
determined by the method already given (p. G81). The osmiridium is then disinte- 
gnited by fusion with mcUillic zinc as described under InmiUM (iii. 315), then mixed 
with 5 pta. of barium-peroxide, or 3 pts. peroxide and 1 pt. nitrate of Ijariurn, ntid 
heated moderately for an hour or two in a silver crucible having a close-fitting cover. 
The mass when cold is detached by pressing the sides of the crucible, and traiisferred 
to a capacious porcelain dish, in which it is mixed with hydrochloric acid and a little 
nitric acid (care being taken to avoid loss by spirting). The mixture is heated to 
boiling till the odour of osraic acid has entirely disappeared, then evaporated, to dry- 
ness slowly and at a moderate heat; tho residue is digested wdth warm water and a 
little acid ; and the solution is de?cjinted from a small portion of silica and osmiridium, 
the weight of the latter being determined and allowed for. From the solution the 
barium is precipitated by a quantity of titrated sulphuric acid, equivalent to the weight 
of tho peroxide and nitrate of barium used (a very slight excess, however, does no harm) ; 
the filtrate is treated with sal-ammoniac to precipitate the iridium, rutlnmium and 
platinum ; this precipitate is reduced; the platinum is dissolved out of it by dilute 
nitromuriatic acid ; and the residue is fused with nitrate and hydrate of potassium, 
whereby it is resolved into iridium which remains almost unattacked, and ruthenium 
which dissolves. The rhodium (together with any iron and copper that may be pre- 
sent) remains in the liquid from which the iridium &c. has been preci pi tilted by sal- 
ammoniac, and is reduced therefrom by the method already described (p. 682). The 
osmium is estimated by loss, a method which DeviUe and Debray regarded as more 
trustworthy than the collection of the osmic acid and the determination of the osmium 
therefrom. 

The composition of several samples of the mineral as determined by Deville and 
Debray, ana others, is given under Iridosmine (iii. 324). 

PlbiLTna'VM-MSSZBUBS. See page 683. 

PBATZXrinil-SPOSrOB. Finely divided platinum, obtained by igniting chloro- 
platinate of ammonium (p. 663). 

PXiATOSAMZirB. NH*Pt. — The ammonia -base supposed by Gerhardt to exist 
in the ammonio-platinous compounds. See Platinum-bases, Ammoniacai (p. 678). 

P&ATOSBTBY&AMZirZS, PBATOSOP-raZBiarS. Hypothetical ba66£ 
analogous to platosamiue. (See PlatinumtBases, Oboanic, p. 679.) 

* With the common metaU end especially silver. 
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raAVTNaSITB. Natire peroxide of lead, PbO*, from Leadhills, Scotland. 

PKSOKA8T. Ferruginous spinel (see Spinei.). 

p&StnROCXiASB. Syn. with Wagnebitb (see Phosphates, p. 569). 

pUMTlAir. See Mispickel (iii. 1026). 

p&OCAKXA XiZCHEXrozSESa On© of the algae from which gelose is obtained 
(iu 829). 

P&0XIXBG01ICM[8* Syn. with Peumbo-resinitE.. 

PEOMBZSRZXr. Syn. with Bauegin (i. 509). 

PE01IIZBZBB.ZTE. A hydrated silicate of calcium, Ca"Si0®.2H*0, formed by the 
action of a hot mineral spring at Plombi^rea on an old Koman mortar. It is deposited 
as a gelatinous nodular mass, which on exposure to the air becomes hard, opaque and 
snow-white. (Daubree, Ann. Min. [5] xiii. 214.) 

PBITIMC. See Prunus. 

pEUMBAGZir. The acrid principle of the root Plumbago europaa. It is ob- 
tained by repeatedly boiling the ethereal extract of the root with water, whence it 
is deposited on cooling, and may bo purified by crystallisation from alcohol or 
ether-alcohol. It crystallises in delicate needles or prisms often grouped in tufts ; has 
a styptic saccharine taste, with acrid biting after-taste; melts very easily, and partly 
volat ilises unaltered when heated. It is neutral, nearly insoluble in cold, more soluble 
in boiling water, very soluble in alcohol and ether. It dissolves with yellow colour in 
strong sulphuric and in fuming nitric acid, and is precipitated by water in yellow 
flocks. Alkalis change the colour of the solution to a fine eherry-red ; acids restore 
the yellow colour. Basic acetate of lead also colours it red, and forms a crimson 
precipitate. (Du long, J. Pharm. xiv. 441.) 

PZ.U1IKBAGO. See Carbon (i. 758). 

PZiUMBETKYES. See Lead-radicles, Organic (iii. 561). 

PEirMBZC OCHRE. Native protoxide of lead (see Lead, iii. 549). 

PZtUnZBOCAZiCZTS. An isoraorphous mixture of the carbonates of lead and 
calcium, Pb"CO*.32Ca"CO®, occurring in rhombohedral forms at Leadhills, and in the 
High Pirn Mine, Wanlockhead, Lanarkshire. 

PXXTMBORESZXrZTE. Plombgommei Bleigummiy Gummispath , — A lead-mineral 
rc.senibliiig gum arabic in colour and appearance, found at Huelgoet in Brittany, 
at Nussiere near Bcaujeu, at Roughten Gill, Cumberland, and at Mine La Motte, 
Missouri. According to Bei*zelius, it is a hydrated aluminate of lead, Pb''0. ATO*.6H‘0 
orPb'APO^.elPO. Damour and Dufn^noy, on the other hand, found in it about 8 per 
cent, phosphoric anhydride, and according to their analysis it would appear to bo a 

mixture or compound of phosphate of lead with hydrate of alumina, Pb^P^O^.bAPH^O*. 
(Dana, ii. 431.) 

PEUMBOSTZB. Syn. with Boulangerite (i. 651). 

PEXmSOSZTE. Syn. with Hrteromorphitb (iii, 151). 

PHSUMATZe TROUGH. See Gases, Collection and Preservation of 
(ii. 806). 

PHBUIICZC ACZB. An acid existing, according to Vo rd ei I (Compt. rend, xxxiii. 
004), in the parenchyma of the lungs of most animals. It is very soluble in water, 
insoluble in cold alcohol, but soluble in boiling alcohol, whence it crystallises in 
stellate groups of shining needles, which do not give off any water at 100°. It contains 
carbon, hydrogen, nitrogen, oxygen, and sulphur, forms crystallisable salts, and de- 
composes carbonates (Gerli. iii. 924), 

POEARZSATZOSr, BEECTRZCAZi. See Electricity (ii. 399, 429). 

^OEARZSATZOXir, BZAGli’BTZC. See Magnetism (iii. 757> 763). 

POEARZSATZOXr OF EZGHT. Sec Light (iii. 652). 

POEBT-OZXi. A volatile oil obtained from the herb of Mentha PuUgium at 
flowering time, by distillation with water, and having, according to Kane, the composi- 
tion of camphor, C*®H'*0. It is yellowish, has an aromatic odour, a specific gravity of 
6 9271 to 0*939 ; boils between 182° and 185°, and leaves a small quantity of solid 
Blatter when rectified. (Handw. d. Chem. vi. 615.) 

^OEZAJrZTB. A variety of native peroxide of manganese occuring at Flatten in 
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Bohemia, and, together with pyrolusite, at Sehneeborg and Johannisbepg in Saxony. 
It crystallises, like pyrolusite, in trimetric forms, but diiFors from it in the proportions 
of its axes, and in cleaving distinctly parallel to the brachy diagonal only, whereas 
pyrolusite cleaves parallel to all three axes. It is also distinguished by greater hardness. 

a. 6. c. Hardness. 

Pyrolusite 1 : 1*066 : 0*776 93*^ 40 2*25 

Polianite 1 : 1-0613 : 0*6317 92° 62' 6*6 to 7 


(Dana, ii. 131 ; Handw. vi. 615.) 

POUSIO'S. Vdlckcl’s name fop one of the compounds obtained by heating sulpho- 
cyanate of ammonium {q, v.) above 300°. Volckel regards it as isomeric with melainino 
or cyanuramide (ii. 287) ; but, according to Litibig, it is identical with melam (hi. 865) 
(see GmeUrCs Handbook^ ix. 484). 

POUSBlSSrO' POWBBR. Very finely divided ferric oxide, used for polishing 
optical glasses. Daguerreotype plates, &c. 

POXtXSBXIO'G SB.A.TXS. PoUrschirfer. — A porous, slaty, fine-earthy rock, mostly 
of yellowish- white colour, consisting almost entirely of the siliceous shells of infusoria 
(Ehrenberg). That' occurring on the Kritschelberg near Bilin, in Bohemia, wfis 
found by Baumann {Jiammdsberg' s Minerolchewie, p. 136) to contain 87*58 percent, 
silica, 2*04 alumina and ferric oxide, 1*09 lime, 0*30 nmgnesia, and 8*89 wat er. In 
some places it is found to bo converted into a semi-opaline suhstaiice. 

POUVX. A silicate of aluminium and caesium, occurring, together with Cnstor 
(p. 381), in the island of Elba. It resembles analcirne in form; is colourless niid 
transparent ; has a conchoidal fracture with vitreous lustre on the fract uretl sTirfac^e. 
Hardness = 6*5. Speeific gravity == 2*900. When heati d it gives olT a little water, 
and becomes transparent, and when heated on platinura-wire with a little fluoride of 
ammonium, and then moistened with hydrochloric acid, it exhibits in the spectroscope 
the two blue lines of emsinm, together with the sodium-lines. Gives by analysis ll lii'l 
per cent, silica, 15*07 alumina, 0*68 ferric oxide, 0*68 lime, 34 07 oxide of cfrsium, 
3*88 oxide of sodium, and 2*40 w'ater = 101*71. (F. Pisjini, Bull. Soc. Chinj. [2] i. 

^"^Pollux was discovered by Broithaupt, and imperfectly analysed by Platt ner (with a 
loss of 7 per cent.), who regarded it as a silicate of aluminium, potassium, and sodium. 

PQ]^Yil.X>BXiPBZTS. A brownish-yellow garnet from tin* l'h*anklin furnace, 
New Jei’sey, containing, according to Web or {Eamiutlshirg's Miner alchemic^ p. G9:r, 
34*83 per cent, silica, 1*12 alumina, 28*73 ferric oxide, 8*82 manganous oxide, 24*()5 
lime, and 1*42 magnesia (= 98*97). 

P0]bYARG>ZTB. A rose-coloured granular variety of anortlrite from Tunaherg in 
Sweden, containing, according to A. Erdmann {Earmndsberg's Mineralchcrnie,^. 

SiO’. Al‘^03. Fe^O^ Ca"0. Mg"0. N.-i^O. K^O. H^O. 

46*12 35*64 0*14 0*30 6*88 0*26 0*67 6*93 4*02 = 99*86. 


POILTBASXTB. A sulpharseno-antimonite of silver and copper, occurring in 
short tabular hexagonal prisms, oP . ooP . P, having the principal axis = 1*4132. 
Anglo P : P in the terminal edges = 129° 32'; in the basal edges = 117° ; oP : P =’ 
121° 30'. The terminal planes are triangularly striated parallel, to the tenmnal 
edges. Cleavage basal, imperfect. It occurs also massive and disseminated. Hanhiess 
== 2—3. Specific gravity => 6*214. Lustre metallic. Colour iron-black ; thin tabular 
crystals, however, appear cherry-red by transmitted light. Streak iron-black. Opaque. 


Fracture uneven. „ 

Analyses: a. from Schomnitz; h. from Freiberg (H. Rose, Pogg. Ann. xv. 573B 
c. from Cornwall (Jay’s Miscellaneous Chemical Eesearches^ Gottingen, 1853, p. 21); 

i -rx • /XT 


a, 

b, 

c, 

d, 


s. 

16*83 

16*36 

15*87 

1704 


Sb. 

Ab. 

Ag. 

Cu. 

Fc. 

Zn. 

0*26 

6*23 

72*43 

3*04 

0*33 

0*59 = 

8*39 

1*17 

69*99 

4*11 

0*29 

. . » 

6*46 

3*41 

72*01 

3*36 

0*34 

. . = 

6*09 

3*74 

64*29 

9*93 

0*06 

. . *» 


99*70 

100*30 

100*46 

100*16 


The mineral is an isomorphous mixture of sulphur-salts (Ag ; Cu)® (Sb ; As)S® or 
(Ag®S; Cu*S)®(Sb^S* ; Afl®S»), in which 

Ag I Cu Sb 1 Ai 

in a and 5'»9;1 ina«*l:40 

ino«10:l in5*«9;2 

• in 4 : 1 in 0 and i « 1 : 1 
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Stephanitc and iron pyrites occur as pseudomorplis after polybasite. (Sana, iL 85.) 

Au old namo for neutral sulphate of potassium ; also 

for sodio-potassic tartrate. 

POXiYCHROllilTBi A silicate found in gneiss at Kragerde, Norway, crystallised 
in six-sided prisms of about 120° with flat summits ; also massive and reniform. 
Hiirdness = 3- 3 ‘5. Lustre greasy. Colour blue, green, brown, and red, rarely 
white. According to an analysis by Dahl {Lconh. Jahrh. 1846, p. 288), it contains 
52 per cent, silica, 37 alumin;i,, 7 magnesia, 3 ferric oxide, together with lime and 
water. Scheerer found less alumina and 6 per cent, water. 

POXiYCRROZTE. Syn. with Safuanin. 

POZiYCRBOXISB. Syn. with ArsoUlin (i. 60). 

POIYCHROIRXC or POZiYCHROXISilTZC ACZD. Syn. with Aloetic Acid 
(i. 148). 

POZiYCRASB. See Niobium (p. 57). 

POlYETHYIiISMrzc AZiCOHOZiS. See Ethylene, Hydrates of (ii. 576), 

POZiYOAZ.ZC ACZB or POXiYGAZiZET. Syn. with Senegim. 

POZiYGAIUXARZET. The name applied by Rein sc h (Buclin. Report, xvii. 289) 
to a crystalline bitter substunr^e which remains, together witli wjix and chlorophyll, 
when tlie alcoliolic extract of Poh/gala arnara is treated with ether. 

POZiYOOErimZ FAGOPYRVM. Buckwheat (i. 685). 

POZiYGIiYCERZC AZiCOHOIiS. See Glyceryl, Hydrates of (ii. 894). 
POZiYKAZiZTE. A crystalline mixture or compound of various sulphates repre- 
Bonted by tlio formula J\PSO‘.2H“(), occurring with rock-salt iu various localities 
(tschl, Aussee, Hallstadt, 33ercIit(‘sgrMden, Graiind, StaasPurth, Vic in the dept, of the 
Meurthe, &c.), iu rhombic prisms of 115°. The composition varies considerably, as 
pliowii by tho following analyses: a. from Ischl (Stromeyer, Untrrmchunqcn, i. 
144); — (0. from Hallstadt (v. Hauer, Wien. Akad. Ber. xi. 385) ; — g, from Eboii’seo (v. 
Ilauer ) ; — (L from the rock-salt of Stassfurth (Reicliardt, Jaliresb. 1862, p. 757). 



Ca"SO<. 

Mg-'Se-*. 

K^SO'. 

NaCl. 

Fe20:». 

1120. 


a. 

44-47 

20-03 

27-70 

0-19 

0-34 

5-95 == 

98-95 

b. 

56 41 

11-04 

14-81 

12-16 

. , 

5-58 = 

100 

c. 

61-18 

13-53 

19-12 

0-28 

0-41 

6 05 = 

100-52 

d. 

43-44 

20-56 

26-22 

0-58 Mg"CP 

7*47 - 

98-27 


POXiYXiACTYXi-COlIZPOirN'DS. Soo Lactic Acid and Lactic Ethers 
(iii. 461—464). 

POZiYXZTE. A variety of augite from Hoboken, New Jersey, containing, accord- 
ing to Thomson {Ouflhics, i. 495), 40-04 silica, 9-42 alumina, 34-08 ferrous oxide, 
6'6 manganous oxide, 11-51 lime, and 0-40 water. 

POBYMERZSPZ. Bodies are said to he polymeric when they have the same 
percentage composition, but different molecular weights; tho olefines C"H*“ for ex- 
ample (see Isomerism, iii. 415). 

POZiYXMCZGN'ZTE. A mineral occurring at Frodriksvarn, Norway, in trimetric 
crystals sometimes an inch long, imbedded in felspar and zircon-syenite. Axes 
a:b:c = 1 : 1-0308 : 0-7252. Anglo ceP : ooP = 91-44'; oP : Poo = 144° 3'. 
Observed coml)inatiou cef CO . oP . 2P2 . 4l’oo . 2i^oo . Poo , Cleavage parallel to 
oot^co and oP in traces. Tho crystals are usually slender and longitudinally stri.-ited. 
Hardness = 6-5. Specific gravity = 4-77 — 4-85. Lustro submelallic. Colour black. 
Streak dark brown. Opaque. Fracture conchoiVlal. It contains, according to 
Herzelius (Kongl. Vetensk. Akad, Forhandl. 1824, ii. 339), 46 30 piT C(‘nt. titanic 
oxide, 14-14 zirconia, 12-20 feiTic oxide, 2-70 manganic oxide, 5-00 ceric oxide, 
11-50 yttria, and 4-20 lime. The difficulty of separating tho titanic oxide and zirconia 
renders the analysis somewhat uncertain. 

POEYPZORPKZSM. A body is said to be polymorphous when it crystallises in 
two or more forms not derivable one from the other (see Dimorphism, ii. 331). 

POEYSZXtZCZO ACZDS. See Silicates. 

^OBYSPHERZTB. Brown lead-ore from the Sonnenwirbel mine near Freiberg 
(P. 667). 

POZiYTERBREETEB. Hydrocarbons polymeric with oil of turpentine (see 
Tkbebenb). 
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FOXiTTlSXiXTB* See Tetrahedbite. 

J 

POXiTTRXOlXZC iLCXBB. See Sulphur, Oxtoen-acids of. 

POXiYXSITB. An old name of native platinum. , 

POMPBOXiYX. An old name for impure zinc-oxide, sublimed in the roasting of 
zinc-ores and in the melting of brass : also called NihiLum album, 

POTVGAMXil. The seeds of Pon^amia glabra contain 27 per cent, of a dark- 
yellow fat oil, having a specific gravity of 0*945, a poisonous odour and bitter taste 
and solidifying at 8^^. (Lepine, J. Pharm. [3] xl. 16.) ’ 

POOlVAiHXiXTXSa A variety of scolccite from Poonah in Hindostan. 

POPXiii.X-BlTX>S. The buds oi Ptypidus nigra and P. 'pyramidalm contain a 
colouring matter called chrysinic acid, associated with salicin, a volatile oil, and a 
resinous substance. To extract the chrysinie acid, the alcoholic extract of the buds is 
treated with basic acetate of lead ; the solution, freed from lead by sulphydricj 
acid and filtered, is evaporated to dryness ; and the re.sidue is treated with water to 
remove salicin, then freed from resin by redissolving it in alcohol, and precipitating a 
second time with basic acetate of lead. The liquid, if left to itself, after being freed from 
lead, deposits, after a while, a white powder consisting of chrysinie acid, which may bo 
purified by recrystallisal ion from alcohol. • 

Chrysinie acid, C^H^O^, crystallises in thin fragile laminse, perfectly white if pro- 
served from contact with ammoniacal vapours. It is anhydrous, boars a boat of 200° 
without decomposing, and sublimes in fine needles at a higher temperature. Jt is 
nearly insoluble in water, soluble in boiling, less soluble in cold alcohol, soluble in 
ether. 

Chrysinie acid dissolves with a fine yellow colour in strong sulphuric acid and in 
alkalis; baryta and lime also colour it yellow, but do not dissolve it easily. Nitric 
acid first colours it yellow, then decomposes it; acetic acid and liydrochloric acid have 
no action upon it. With iron-salts it forms a dirty-green precipitate; with neutral 
lead-acetate, no precipitate; with tho basic acetate a slight precipitate, soluble in 
acetic acid. The alcoholic solution of the acid mixed with chloride of linio becomes 
yellow in the cold and red when heated. 

Chrysinate of potassium crystallises in slender needles ; tho ammonium-saU is ob- 
tained by evaporation in spherical masses. The harium-saUy is obtained 

by adding a boiling alcoholic solution of chrysinie acid to an excess of baryta-water; 
and is deposited on cooling as a yellow powder. (J. Piccard, J. pr. Chein. xciii. 369; 
Bull. Soc. Chim. 1865, ii. 144.) 

POPPY. The black poppy (Papaver somniferum^ var. nigrum\ which has rod 
flowers and black seeds, is estivated chiefly for the fat oil yielded by its seeds ; tho 
white poppy (P. somnif^um, var. alburn^ sometimes regarded as a distinct species and 
called P. officinale^ having white flowers and seeds, for the production of opium. 

The seeds of the white poppy {Pavot blane^ var. a yeux ouverts) have been found by 
Sacc (Ann. Ch. Phys. [3] xxvii. 473) to contain (exclusive of 3*03 per cent, hygro- 
scopic moisture) 4oT per cent, expressed oil, 9*5 fat oil extracted by ether, together 
with colouring and odoriferous matters, 3*5 volatile substance, 23-3 pcctoua substances, 
12*6 protein -compounds, and o'9 woody fibre. 

The elementary composition of tho seed, oil-cake, and oil, ol tho white poppy filtered 
witliout access of air, were found to be as follows : 



Seed. 

OU-cake. 

Oil-cake after 
exhaubtion ivith 
ether. 

Oil. 

Carbon .... 

62*23 

47*74 

42*27 

76*63 

Hydrogen .... 

9*20 

6*76 

6*04 

11*63 

Nitrogen .... 

i 3*59 

5*97 

7*64 

11*74 

Oxygen and loss . 

j 17*97 

28*94 

30*85 

Ash 

7*00 

10-59 

13*20 



The aeh of the seed contained 0-82 K»0, 4-47 Na^O, 28 08 Ca"0, 4-33 Mg"0, 1-99 S0>, 
4-84 SiO«, 17-66 CO» 37-81 P’0*. 

Wildenstein (J. pr. Chem. liv. 200) has examined the ash of the seed and herb 
e. stalks, leaves, and cleansed roots) of the black poppy, ^wn on the weathered 
Taunus slate near Wiesbaden. Tho dried seed yielded 6*12, ttie dried herb 7 '86 por 
cent, ash, containing — 
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/' ?'#OPPY-OIL-POPULIN. 

■ v. • 

K*0. CuO. MgO. Mn2<)3. SO*. SeO'A P‘-’0\ Fe'PO^. KCl. NaCl. 

Seed 9 10 3536 9*49 trace 1-92 3*24 30*98 0*81 7*15 1*94 = 99*99 

Herb 36*37 30*24 6*47 trace 5*09 11*40 1*28 4*14 2*50 2*51 = 100*00 

The air-dried seeds treated with nitric acid and chlorate of potassium gave 0*0828, and 
the air-dried herb, 0*0594 per cent, sulphur. 

POPPY-OZXi. Httile (rillcitey Ilnile de Pavot . — A fat drying oil obtained by 
expression fwm the seeds of the black poppy (^Papaver smumiftriDn^ var. nigrum). It 
resembles olive-oil in aspect and odour, and is quite free from the narcotic propeidies 
of opium. Specific gravity = 0*9249 at -15o It solidifies at - 18^ and remains solid 
for a long time after the temperature has risen to —2°. It dissolves in 25 pts. of cold 
and 6 pts. of boiling alcohol, and mixes in all proportions with ether. Contains, 
according to Lefort, 77 "20 per cent, carbon, 11*31 hydrogen, and 11*49 oxygen; see 
also Sacc’s analysis of the oil from white poppy seeds (p. 688). 

Poppy-oil yields sub.stitiition-prodiicts with chlorine and bromine. The chlnrinated 
oil has a somewhat deeper yellow colour than the original oil, sibout the same con- 
sistence as castor oil and a specific gravity of 1*070 at 3*^. it contains from 20-3 to 
20*4 per cent, chlorine. The hnnmnatrd nil containing 36*5 to 36*7 per cent, bromine, 
has a slight yellowish tinge, and the same consistence as the preceding : specific gravity 
= 1*279 at 20. 

Poppy-oil is used as an artich^ of diet in the south of Germany and the north of 
France. It is employed in painting to mix with light colouivs, for which purpose it is 
first bleached by exposure to the sun in shallow vessels containing salt water. (Kor 
fiu’ther details, see GmelhCs Handhook^ xvi. 312.) 

POPyXiXXr, C2«H2•^0^ or C'»H sulistance, dis- 

covered in 1831 byPraconnot (Ann. Ch. Phys. [2] xliv. 296), and investigated 
chiefly by Piria (Ann. Ch. Phys. [3] xxxiv. 278 ; xliv. 366), exists in the bark, leaves 
and root of the aspen {Populus tre inula). 

Preparation. — 1. The aqu<‘oiis decoction of the bark is precipitated wdth basic acetate 
of l(?ad ; the filtrate is freed from lead by sulphuric acid, then concentrated and boiled 
with animal charcoal ; and thfj salicin, which likewise exists in the bark, is left to 
crystallise out. The motlier-liquor yields with carbonate of potassium, a whitf^ precipi^ 
fate of populin which must bo recrystallised from boiling water (Bracon not). 
Herborger (Buchn, Ilepert. Iv. 204), after precipitating with basic acetate of h^ad, 
removed the lead by passing carbonic acid into the liquid, and evaporated the filtrate 
to a syrup, from which the populin crystallised. From the decoction of the root-bark, 
pfjpulin cry.stallises after concenf ration (even without precipitation by basic acetate of 
lead) (Van de Ghejn). — 2. The leaves of the aspen are boiled with water; th(‘ de- 
coction is precipitated hot with basic acetate of lead ; the populin carried down with 
the precipitate is dissolved out by boiling water; and the filtrate is (evaporated to a 
syrup. The crystulUno mass which separates is pressed Vxjtween limai, heated to 
boiling with 60 pts. water and a little animal charcoal, and filtered at the boiling heat; 
the populin crystallises on cooling. (B r a c o n n o t.) 

Properties. — Crystallised populin, C-®H'"0®.2H*0, forms white, silky, very liglit 
needles, which give off part of tludr water betwofm 36° and 40°, and the rest (8 43 
per cent, in all) at a temperature short of 100°. Anhydrous populin melts at 180° to 
a colourless liquid which solidifies to a vitreous mass on cooling. Populin h.'is a sweet 
taste. It turns the plane of polarisation to the left, to an extent proportional to the 
quantity of salicin prcKluced by its decompo.sition {infra), (Biot and Pasteur, 
Compt. rend, xxxiv. 607.) 

Crystallised populin dissolves in about 2000 pts. of cold water (Bracon not), in 
1896 pts. at 9*^ (Piria) and in 70 pts. boiling water (Braconnot). The cifld solu- 
tion deposits populin on being saturated with common salt; tlui solution satiirattxl at 
tlie boiling heat deposits it on cooling. It dissolves at 14° — 15°, in 100 pts. absolute 
alcohol (Biot and Pasteur); in boiling alcohol more abundantly than in boiling 
water, scarcely at all in Hher. 

Populin dis^Bolves easily and without decomposition in cold acids, not too concentrated, 
and is precipitated partially by water, completely by alkalis (Braconnot, Koriinck). 
According to Koninck, it dissolves also in aqueous alkalis, and is precipitated by acids. 

Aqueous populin does not precipitate any wc/c/ZZ/'c salt (Braconnot). It crystal- 
lises unaltered from solution in aqueous metallic salts, but may be made to com- 
bine with oxide of had, fonning a white substance nearly insoluble in water, 

(Koninck.) 

Populin dissolves easily in cold concentrated anetic acid, and is precipitated tjiere- 
from partially by water, completely by alkalis. (Braconnot.) 

I>ec(ympositions.—\. Fused populin heated to 180° gives off pungent vapours which 
«ond(inae in needles ; at 220° it turns brown, but is obtained unaltered after solution in 
Voi.. IV. . YY 
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aqueous alcohol (Piria). When subjected to dry distillation, it swells up and yields 
empyreumatic oil, from which benzoic acid crystallises on cooling (Braconnot).— 

2, It bums with flame and an empyreumatic resinous odour (BraconnotvH 

3. Heated with sulphuric acid and acid chromate of 'potassium^ it gives off large quan- 
tities of salicylous acid (Piria). — 4. By solution in nitric acid of specific gravity i ;jo 
it is converted into benzo-helicin, which crystallises after standing for some time 
The solution at the same time is coloured yellow by nitric peroxide (Piria): 

+ O =» + H*0. 


Weak nitric acid acts upon populin only at the boiling heat, salicylous acid being 
given off from the acid solution ; ordinary nitric acid acts\nolently, producing yellowish 
crystals, probably consisting of picric, nitrobonzoic and oxalic acids (Piria). — 5. With 
strong sulphuric amd populin forms a deep red solution whence water throws down a 
red powder (Braconnot’s rutilin), which, after the sulphuric acid has been reinovod 
dissolves in water with red colour, and is reprecipitated by acids (B r aeon n ot). Hob 
oil of vitriol carbonises populin. (K o n i n c k. ) 

By boiling with dilute acids^ populin is resolved into saligenin, benzoic acid and 
glucose : 

+ 2H‘^0 - CHPO* + 

Populin. Saligenin. Benzoic Glucose. 

acid. 

and the saligenin is converted by the further action of the acid into saliretin, 

» 2C’'H"0* — 2H'‘'0. Concentrated forms saliretin even in the cold. 

(Braeonnot.) 

6. Populin heated to 100® in a sealed tube with alcoholic am/momay yields salicin, 
benzamide and benzoic ether. Gaseous ammonia does not act on populin at loO® 
(Piria). — 7. Heated with potassium-hydrate^ it yields oxalate of potassium (Braeon- 
not). — 8. Populin boiled with hydrate of calc^ium or barium yields a benzoate and 
sa li cin : 

C*»n«0* + H^O « 

Populin. Benzoic Salicin. 

acid. 

100 pts. crystallised populin yield 28 9 pts. benzoic acid, the calculated quantity being 
28*64 pts. (Piria). — 9. By prolonged boiling with water, putrid casein, and carbonate 
of calcium, it is decomposed with formation of saligenin, lactato of calciiuu and benzoate 
of calcium. (Piria.) 

Populin is not altered by chlorine or iodine, or by boiling with phosphorus and water 
(Braeonnot.), or by cmulsin (Piria). 

POXtCS&AZll'. The finest kind of earthenware, made of the purest and whitest 
clay or kaolin (sec Clay, i. 1024), and agglutinated by the addition of some compound 
such as powdered felspar, which softens and fuses at the temperature at which the ware 
is fired, whereby the mass is rendered semi-transparent, in tho same manner as paper 
that has imbibed melted wax remains translucent after the latter has become fixed. 
The fracture of porcelain is vitreous and not earthy, and the broken surface does not 
adhere to tho tongue like that of common earthenware ; it also pos.sesses much greater 
solidity and strength, and power of resisting sudden changes of temperature. 

PO&CZS2aAZir.CXiAY. Sc.c Clay (i. 1024). 

POftCBXiAXir, BBAVMVB'S. See Glass (ii. 844). 

POBCBXiAZXff-SPAR. Syn. with Scapolite. 

POBPBZZTB. . Tho native alloy of gold and palladium (p. 326.) 

POBPBYBIC ACXB. C‘«H*N*0' C'®ir(NO=*)'^0“? (Erdmann, J. pr. 

Chem. xzxvii. 403. — Gm. xvii. 183.) — An acid produced by the action of nitric acid 
on euxanthone (ii. 610) ; so called from its property of producing a blood-red colour 
with carbonate of ammonium. A solution of euxanthone in cold nitric acid of specific 
gravity 1*31, becomes warm on standing, evolves red vapours, and on cooling deposits 
porphyric acid, which may be purified by solution in carbonate of ammonium und 
precipitation with hydrochloric acid. It is then obtained as a yellow, crystalline 
powder, or in very small reddish-yellow crystals becoming electric when rubbed. 

According to the mean of Erdmann’s analyses, it contains 43-63 per cent, carbon, 
1*46 hydrogen, 11 82 nitrogen. The above formula, proposed by Gerhardt, which repre- 
sents it as dinitro-euxanthone, requires 46*45 C, 1*51 H, 10*62 N, and 42*42 0. 

Porphyric acid is slightly soluble, with red colour, in pure water, insoluble in acidu- 
lated water, very slightly soluble in cold, more soluble in boiling alcohol. 

When boiled with nitric add it yields oxypicric and oxalic acids. 

The porphyrates explode when heated. The acid dissolves in carbonate of a™' 
monium forming a blood-red neutral ammonium-saXt, C*®H*(NH*)(HO*)*0*, sparingly 
soluble with yellowish colour in water. At 130® it gives off water and ammonia, lea^'ing 
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a l«ss soluble acid saltt which crystallises in pale red feathery crystals. The solution of 
tJiis salt forms with chloride of barium, chloride of calcium, neutral acetate of lead, and 
pitrate of silver, red, and for the most part crystnlline precipitates which dissoh^o in a 
large quantity of water. The acid ammonium-salt throws down from nitrate of silver 
pale orange-coloured crystalline scales. Prom cupric sulphate the neutral ammonium- 
salt precipitates black-rcd flocks which become granular on standing or more quickly 
when heated. 

Ozyporpliyric aoldi This name is given by Erdmann to an acid obtained, 
together with oxypicric acid, by the action of boiling nitric acid on ( 3 uxanthonc. It 
forms yellow microscopic cr 3 ’^stals, and differs from porphyric acid in forming with 
ammonia a salt which is more soluble in carbonate of ammonium than the porphyrate, 
and docs not change colour from dark red to pale red when heated. The acid gives by 
analysis (mean) 42*76 per cent, carbon, 1*38 hydrogen, 11*95 nitrogen and 43-91 
oxygen, a composition differing but little from that of porphj^ric acid : hence Lau ren t 
(Compt. cliim. 1819, p. 384) regarded the two as probably identical. 

PORPBYRXTS. The name given by Streng to the melaphyr- porphyry (iii. 867) 
of the southern range of the Hartz. (For analyses see Jahrcsbericht, 1858, p. 769 ; 
1861, p. 1057). 

PORPRYRORXXr. A neutral substance said by Merck to exist in some kinds 
of opium (p. 208). The same body is said by G. Gibb (Fliarm. J. Trans. [2] i. 454) 
to exist in Sanguinaria Canadensis (set* Sanoi'inahia). 

PORPHYRY. A rock consisting of a more or less compact fclspathic base wit h 
crystals of felspar (often orthoclaso or oligochise) and other mincriils imbedded in it. 
It may be green with blotches of pale green or white, or red with white blotches 
or specks, besides other shades of colour; the blotches of a polislied .surfac.c an; tlie 
felspar crystals. The name is di rivod from vopcpvpa, purple, on account of tlie brownish 
or bluish-rod colour of certain varieties used by tlie ancients for statuary. The several 
varieties of porph^'ry are named accrording to tlui nature of the crystals which occur 
most abundantly in them c.g, f<;lspar-porph yr^', quartz-porphyry &e. 
Euri to -porphyry has a base composed of felspar or a fine-grained mixture of 
felspar and quartz, enclosing crystals of various minerals, Augitic porphyry has 
a basaltic base enclosing crystals of augitc. Granitic, syenitic, greenstones, 
trachyte porph^’ry, &c., consist of a granulo-crystallino l)ase, intermixed with the 
constituents of granit<', syenite, &c., and larger crystals of fi'Ispar. 

PORPOXSB-OXIi. MefrM'hweinthrafi. — Obtained by heating the belly-bluhber 
of the porpoise (^J)elphinns Vhoaena) w-ith water. It has a density of 0*937 at 16°, ami 
in the fresh state, a pale yfdlow colour, an odour of sardines, and does not nddcii 
litmus ; but on exposure to air and light, it loses its odour, bc^comes first darker, l-h('n 
nearly colourless, and acquires an acid reaction, from liberal ion of valerianic acid. It 
consists of olein, margarin |paJmitin], and valerin. AVitli 3 pl.s. of boiling alcohol of 
specific gravity 0-821, it forms a solution which becomes turbid as soon as it is removi'd 
from the fi.ro : with 1 pt. of alcohol a more stuble solution is formed, cap.abh^ of taking 
up any further quantity of the oil. (Chevreul, liechcrches^ p. 287 ; Berthelot, Ann. 
Ch. Phys. [3] xli. 253.) 

PORPORXKTO. An Italian glass resembling ha>matinone (iii. 3) in appearance, 
but, according to Pettenkofer, different from it in composition. 

PORTBR. See Peer (i. 529, 533). 

PORTXTB. White radiate masses from the gal)bro of Tuscany, cleaving paralh^l 
to the sides of a prism of 120°. Specific gravity ^ 2*4. Swells up b(4bre the blow- 
pipe, and fuses to a white enamel. Gelatinises with acids in the cold. Contains, 
according to Bo chi (Sill. Am. J. [2] xiv. 63), 58*12 per cent, silica, 27*5 alumina, 
4-87 magnesia, 1*76 lime, 0*16 soda, 0*10 potash, 7*92 water, and appears to have been 
formed by the decomposition of a zeolite. 

PORTBAHR CBMBHT. A c< 5 ment so called because it has the colour of Portland 
stone. It is made by mixing the argillaceous sand of the Thames with chalk. (See 
Ure^s Dictionary of Arts, iii. 471.) 

PORTBAXrx> STOHS. An oolitic limestone immediately underlying the Purbeck 
strata ; so called from its developement in the island of Portland. 

PORTVGAXXiO-OXB. Essential oil of orange-peel. (See Citrus, i. 1002.) 

POTABKOGSTOH* The composition of the fennoMeavod pond-wced {Potamoqef on 
pectinaius) has been determined by Herv6 M argon (Jahresb. 1861, p. 735), with tlie 
following results: 

Y Y 2 
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CcmbuKtihle matter 

without Nitrogen. Nitrogen. Silica. 

a. 618 2-6 60 

i. 69-5 1-9 141 


Phosphoric Other mineral 
Lime. anhydride. constituents. 
12-1 10 16-6 

0-8 . . 13-7 


Cloez (Corapt. rond. Ivii. 354; Jahrosb. 1863, p. 699) finds that thft gas evolved from 
PoiamoQtton perfoliatum under the infliienco of sinishine and in water continually 
renewed, consists wholly of oxygen and nitrogen without any trace of combustible gas 
the composition varying from 46 08 per cent, oxygen in the first to 38-5 pi-r cent on 
the twentieth day. The same plant growing in ordinary aerated watejr slightly charged 
with carbonic acid, but not renewed, gave out gas also consisting wholly of oxygen and 
nitrogen, and containing 70T() per cent, oxygen on the first, 87-62 on the third and 
90*87 per cent, on the fifth day. 

POTASR. This term is applied sometimes to the hydrate, sometimes to tlie 
anhydrous oxide of potassium, occasionally also to t he crude carbonate ; it is best how- 
ever to restrict it to the hydrate, either in the solid state or in aqueous solution. 


POTASUSS. Crude carbonate of potassium, obtained by lixiviating the ashes of 
land-plants and boiling down the solution in iron pots. 


POTASR-XiXME. A mixture of hydrate of pot assium and quicklime, preprired by 
evaporating a mixture of caustic potash-ley and lime in an iron pot, calcining the 
residue in a crucible, and rubbing it to fine powder in a warm mortar. It a(?ts on 
organic bodies at high temperatures in the same manner as pure hydrate of potassium, 
but is more convenient, because it is less fusible and does not act so st rongly on gl;iss 
vessels. It is however not so much used as the analogous mixture of lime and soda. 

POTASS or POTASSA. Hydrate of pot assium f p. 700). 

POTASSIUM* Symbol K. Atomic Weight — This eb‘ment is very widely dif- 
fused in nature. In the mineral kingdom it occurs as siiicato,, together with earthy 
silicates, in felspar, mica, &c. ; as sulpiiate, combined with sulplmte of abiminium, in 
alum- stone; as chloride, bromide and iodide in sea- water and salt-deposits; and as 
nitrate in various soUs in tropical countries. Potassium-salts enter also into the bodit^s 
of plants and animals, being taken up by plants from the soil, entering into almost 
every part of the vegetable structure, and being thence trau-sfcrri d to the animal body, 
where they are found as essent ial constituents of many organs ami fluids, flesh and 
milk for example. 

The vegetable kingdom is the chief source from which potassium-compounds are 
prepared. The potassium in plants exists in combination, partly with inorganic, partly 
with organic acids, tartaric, oxalic, citric, malic, &c. ; and when a plant is burnt, 
the inorganic potassium-salts contained in it, the sulphate, chloride, &c., remain in the 
ash as such, whilst the organic salts are convert.ed into carbonate, and from this the 
other salts of potassium, as well as the hydrate, or caustic potash, may be prepared. 
Potassiura-salte are likewise obtained from the ashes of marine plants, from se^-water 
and brine-springs, from fidspar and other potassic minerals, and from the washings 
of sheep’s wool. (See Potassium- sai-ts, Manufacture of. 

Preparation of the Metal . — Potassium was first isolated by Davy (in 1807), who 
obtained it by the electrolysis of the hydrate. When a piece of this substance, slightly 
moistened by exposure to the air, to give it sufficient conducting power, is placed on a 
platinum-capsule connected with the negative pole of a poweiTul voltaic battery (Davy 
used from 100 to 200 pairs of Wollaston’s construction, six inches square), and touched 
by a platinum wire proceeding from the positive pole, it liquefies and is decomposed, 
globules of potassium appearing on the capsule and taking fire, unless they are quickly 
removed and imnjiersed in rock-oil. 

An easier method of obtaining potassium by electrolysis is that given by Matthies- 
sen (Chera. Soe. Qu. J. viii. 30). A mixture of 1 at chloride of potassium and 1 at. 
chloride of calcium (which mixture is used because it melts at a much lower tempera- 
ture than chloride of potassium alone) is melted in a small porcelain crucible over a 
lamp, and subjected to the action of a Bunsen’s battery of six elements with carbon 
poles, the heat being so regulated that a solid crust forms round the negative carbon 
pole,. while the mixture remains fused and allows the free evolution of chlorine at the 
positive pole. When the decomposition has been continued in this manner for about 
twenty minutes, and the cooled crucible is opened under rock-oil, a lai-ge quantity of 
potassium, almost chemically pure, is generally obtained. If the same experiment be 
repeated at a white heat over a charcoal fire with an iron wire as negative pole, small 
globules of pota.8sium are seen burning on the surface; and these are found to be 
almost pure. (Matthiessen.) 

For preparing potassium in large quantities however, it is necessary to resort to other 
methods. Gay-Lussac and soon after Davy’s discovery of the metal, showed 
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that it might be obtained in greater abundance by decomposing hydrate of potassium 
with metallic iron at a white heat. Iron turnings were heated to whiteness jn a 
curved gun-barrel covered witli a clay lute, and melted hydrate of potassium was 
allowed to pass slowly over the ignited iron. Decoinpo.sition then ensued, the iron 
taking up the oxygen of the hydrate, while the potassium and hydi’ogen were set free, 
tlie. potas.sium passing over in the stato of vapour and being condensed in a cooled 
copper receiver. 

A still more productive method eonsi.stsin decomposing carbonate of potassium with 
charcoal at a high temperature. This method, first suggo'steil by Curaiidau (Ann. 
Cliim. l]^vi. 97), was brought into an availahle form l)y Brunner (liibl. Uuiv. xxii. 
.‘16), and has been still furlher improved by Maresca and Donne (Ann. Ch. Thys. 
[,'1] XXXV. 147). An intimate mixture of chan oal and carbonate of potas.sium is pre- 
pared by igniting about 6 lbs. of enuTe tartar (acid tartrate of potassium) in a covered 
iron crucible till it ceases to emit vapours. The porous mixture tlius obtained is 
rapidly cooled by tlie application of cold water to the outside of the crueiblc, and the 
charred muss, broken into lumps .about the size of a hazel-nut, is (luiekly introduced 
into a wrought-iron botl b^ (generally one of the bottles in which niereury is evaporated). 
The bottle is then introduced into a furnace « (/^. 739), and placed horizontally on 
supports of fire-brick, ./) /. A wrought-iron tube four inches long, serves to convey 

739. 740. 





the vapours of potassium into a receiver e, formed of two pieces of wrought iron, a, h 
Uhh 740), which iire fitted closely to each other so .as to form a shallow box only a 
quarter of an inch de<'p, and are kept together by elamp-serews. The iron plate sliould 
be Jth of an inch thick, 12 inches long, and 5 inches wide. The receiver is open at 
both ends, the socket fitting upon the neck of tlie iron bottle. The object of giving the 
receiver this flattened form is to ensure the rapid cooling of the potassium, and thus 
to withdraw it from tlie action of the carbonic oxide, wliich is disengaged during the 
entire process, and has a strong tendency to unite with tlie pota.ssiuni, forming a 
dangerously explosive compound,* Before* eonneeting tlie receiver with tlie tube r/, the 
fire is slowly raised till the iron bottle, attains a dull red heat. Powdi-red vitrefied 
borax is then sprinkled upon it, wdiich melts and forms a coating, serving to protect the 
iron from oxidation. Tlu^ heat is then to be urged until it is very inten.se, care being 
taken t-o raise it as eqUMlly as possible throughout cv^ry part of the furnace. When a 
full reddish- white heat is attained, vapours of potassium begin to appearand burn with 
a bright flame. The receiver is then adjusted to the end of tlie tube, wdiich must not 
project more than a quarter of an inch through the iron plate forming the front wall of 
the furimco; otlierwisc tlie tube is liabh; to be obstructed by the accumulation of solid 
potassium, or of the explosive compound .above meiitioiii'd. Should any obstruction 
occur, it must be removed by thrusting in an iron bar, and if this fail, the firemust be 
immediately withdrawn by removing the bars from the furnace, with the exception of 
t wo which support the iron botth*: Tlie receiver is kept cool by the a])plication of a 
Wet cloth to its outside. AVhen the operation is complete, the receiver with the potas- 
sium is removed and immediately plunged into a ve.ysel of rectified .Persian naphtha 
provided with a cover, and kept cool by immersion in water. When tlie apparatus is 
sufficiently cooled, the potassium is detached and preserved under naphtha. 

* III Hrunner** original process, copper receivers were used of cylindric.il form and much larger 
dimensions than those above describee! (see Graham’s FAemenU of Chemistrti., 2iid ed. i. .‘>‘21 ). But 
'vUh these receivers the condensation of the potassium Is found lolie very uucertain ; and when the inui 
fOTineetlng tube is keja red-hot throughout its whole length, .is It should be to prevent obsti uetjon, the 
V hole of the metal sometimes escapes in the form of vapour, not a particle condcusing in tliu receiver. 
(Mar esca and Donne.) 
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To obtain the maximum produce of potassium, it is necessary that tlie mixture of 
potassic carbonate and charcoal should contain 1 at. of the carbonate to 2 at. carbon, 
such a mixture when heated being wholly converted into potassium and carbonic 
oxide : 

K*CO» + C* « K* + SCO. 

To ascertain whether this is the case, the burnt tartar must be analysed, and any de- 
viation from the required proportions must bo reetifiod by mixing samples of tartar of 
different qualities. But even when the right proportions .are attained, the quantity 
of crude potassium obtained docs not exceed one-fourth of the weight of the charge, 
whereas if the process could be carried on without loss, the yield should bo about one- 
half, as 162 pts. of the mixture of carbonate and charcoal contain 78 pts. of potassium. 
Kiihnemann (Jahresb. 1864, p. 180) recommends the addition of chalk to the burnt 
tartar, in such proportion that the mixture may contain 100 pts. potassic carbonate to 
20 pts. carbon and 13*5 to 14 pts. calcic carbonate. 

The potassium obtained by this process is not pure, but always contarain.ated with 
compounds containing carbon and oxygen. To remove those, it must bo distilled a 
second time in an iron retort, and this precaution is essential, as if tlie crude potassium 
is exposed to the air, and even if it is preserved under naphtha, a black detonating 
compound is quickly fonned, which explodes violently on the slightest friction. The 
purified metal amounts to about two-thirds of the quant ity operated on. A third dis- 
tillation may be necessary if the potassium is required to be perfectly pure. A little 
impure potassium always remains in the tube attached to the retort ; and to prev(Mit 
the possibility of its forming the detonating compound .'ibove mentioned, the tube 
should be detached as soon as it is cold and immersed in water. 

Pro 2 ^ertie.s . — Potassium is a bluish-white metal of specific gravity 0-865, being the 
lightest of all the metals except lithium, and capable of floating easily on water. , At 
O ' it is brittle and has a crystalline fracture ; it becomes malleable at a slightly higher 
temperature, soft at 15°, pasty at a few degrees higher, and completely fluid at 62'5^. 
Ill the soft state it may cut with a knife, and two clean surfaces of the metal may 
‘ be weldo^d together like white-hot iron. At a red heat it may be distilled, yielding a 
beautiful green vapour. When fr(‘shly cut it possesses considerable lustre, but instantly 
tarnishes from oxidation when exposed to the air ; indeed it is so greedy of oxygon that 
it can only be preserved in the metallic state by immersing it in mineral naphtha nr 
enclosing it in a sealed tube. When a few grammes of the metal are iniilted in a sealed 
tube filled with coal-gas, then left to cool till a few solid points appear on the surface, 
the remaining liquid portion poured off by suddimly inclining the tube, the solidified 
portion remains in shining octahedral crj-stals belonging to the dimetric system, and 
having the angle P : P = 52° in the t(;rminal, and about 76° in the bns.al edges. 
(C. E. Long, Ohem. Soc. Qu. J. xiii. 122.) 

Potassium when heated in tlie air to its point of volatilisation, bursts into flame 
and bums rapidly with a violet light. When thrown upon water, it decomposes the 
water with great violence, displacing half the hydrogen and forming hydrate of 
potassium : 

2H*0 + K* = 2K1IO + H*. 

The escaping hydrogen carries with it a small portion of tlio volatilised metal, and 
takes fire from the heat evolved, burning with a beautiful rose-rc^d flame, while the 
melted metal floats about on the water, and finally disappears with an explosive burst 
of steam as the globule of melted potash becomes cool enough to come into contact 
with the water. Potassium likewise decomposes nearly all gases containing oxygen, 
when heated in contact with them ; and at high temperatures removes oxygen from 
almost all bodies containing that element. On the other hand it is separated from its 
hydrated oxide when very strongly heated in contact with iron or charcoal, the decom- 
position being doubtless greatly facilitated by the volatility of the potassium. (See 
Chemical Affinity, i. 859.) 

Potassium absorbs hydrogen at a heat short of redness, and is converted into a 
greyish hydride (perhaps HK*), from which however the hydrogen is expelled at a 
Stronger heat. — Potassium unites directly with chlorine, bromine., iodine, sulphur, sele- 
nium and tdlurium, burning vividly when heated in contact with them. — It also com- 
bines with phosphorus, the combination being attended with evolution of light and 
heat when the two bodies are heated together in nitrogen gas ; under mineral naphtha 
it takes place without visible combustion. — When moderately heated in carhonio oxide 
gas, or when its vapour is allowed to condense slowly in an atmosj)here of that gas, it 
absorbs the carbonic oxide, forming the black mass above mentioned (p. 693), from 
which the metal cannot be recoveredL 

Potassium is a monatomic metal, belonging to the group which includes the other 
alkali-metals, ctesium, rubidium, lithium, and sodium, together with wlver. With 
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chlorine, bromine, iodine and fluorine, it forms the compounds KCl, KBr, &c. ; with 
chlorine also a subchloride, K"C1 ; with ox^^gen it fornis a protoxide, K*0, the corres- 
ponding hydrate, KHO, a dioxide, and a tetroxide, with sulphur, a 

protosulphide, K*S, a sulphydrate, KHS, and several poly sulphides. 

POTASSronc, AIiXiOTS OV, Potassium forms alloys with most other metals, 
the combination being generally oflbeted by fusing the two metals together. Anti- 
monide, arsenide and bismuthide of potassium are produced either in this 
manner or by heating the respoctivo metals with cream of tartar. These compounds, 
when distilled with the alcoholic iodides, yield the arsenide, &c., of the corresponding 
alcohol-radicles (i. 339, 397, 596). The arsenide and antiinonido decompose water, 
with evolution of arsenetted and antimonetted hydrogen. 

An alloy of potassium and sodium cotitaining 76*5 per cent, of the former, is pro- 
duced by heating liydrate of potassium with sodium in a tube containing caoiitchin to 
the boiling point of the licpiid. It is fluid at ordinary temperatures and takes fire in 
contact with water (Gr. Williams, Hep. Chim. pure, iii. 177). Wanklyn {loc, cit.) 
obtained an alloy of these metals, also liquid at ordinary teinporaluKiS, by heating 
acetate of potassium with sodium. 

The other alloys of potassium, some of which are described under the respective 
metals, are of no particular importance. Respecting the amalgam of potassium, see 
MKimuKY (iii. 889). 

POTASSIUM, AMIDES OF. 7/2 zrZe, KIPN, i.s formed when 

potassium is gently heated in ammonia-gas. It is an olive-gri'en substanci;, exhibiting 
a brown colour by transmitted light when in very thin scales; is a non-conductor of 
electricity, melts at a little above 100®, and when lieated in a close vessel, is resolved, 
at a temperatuL'e a little below i*(‘dnesa, into ammonia and tripotassamido ; 3KH‘N = 
2IPN + Ki'N’. At a dull red heat the ammonia is partly resolved into hydrogen and 
nitrogen. When li<\at<xl to fusion in the air or in oxifgcn gas, it burns rapidly and is 
converted into hydrate of potassium, with evolution of uitrogeu. With water it forms 
ammonia and hydrate of potassium : 

KIl^N + H^O = n^N + IIKO. 

Acids and alcohols act upon it in a similar manner (G ay-Lussac and Th6nard, He- 
vhn'chi‘.'i2)hijsico-cki77viques,i. 337 ; It. Davy, Dhil. Trans. 1809, pp. 40 and 450), With 
imhgdrous alcohol it yields ammonia and ethylate of potassium : 

KIPN + CnP.H.O = H»N - 1 - C-H^K.O. 

Similarly with pheml. When wanned w'ith an ethereal solution of acetic anhydride^ it 
forms acetamide and acetate of potassium: 

(OT1>0)’“0 + KH“N = 

Lactide di.ssolved in etlier acts slowly on it, ammonia being set free and lactate of 
potassium fornuid. An ethereal solution of sucrmic aiiJiyd'/dde has no action upon it. 
With compound ethers it yiehis ammonia and resinous products ; with benzoate and 
ac&taie of ethyl it yields also the corresponding potassium-salts ; with oxalate, of ethyl 
it forms oxalate and uxamato of potassium. Sulphate of etliyl and oxalate of methyl 
do not act upon it. With chloride of benzoyl dissolved in anhydrous ether it forms 
beuzamide and dibenzamide, according to the equation : 

3C’H»OCl + SKH^N - + 3KC1 + H»N. 

When the amide is brought into direct contact with chloride of benzoyl without the 
intervention of ether, a very violent action takes place, sometimes attended with inflam- 
mation, and a number of secondaiy products are formed, including hydrochloric acid, 
benzoic acid and benzoic cyanide. (Baumort and Landolt, Ann. Ch. Pharm. cxi. 
1 ; Jahresb. 1859, p. 125.) 

Tripotan sa 77 iidc or Nitride of Potassium., K^N, obtained by heating mono- 
potassamido without acec.'^s of air, is a greenish-black infusible substance, which, when 
very strongly heated without access of air, is resolved into potassium and nitrogen. On 
exjxjsure to the air, it generally takes fire spontaneously, burning w'ith a dark-rod 
flame. With water it effervesces violently, yielding ammonia and hydrate of potassium; 

-f. 3H-0 == + 3KHO. It unites with sidphur or phospkorv.s when 

b eat ed, forming a highly inflammable mixture, which in contact with water gives oft 
sulphydric acid or phosphoretted hydrogen as well as ammonia. (Gay-Lussac 
and Th6nard, Davy.) 

POTASSIUM^ ASTTZMOiriDB OF. See Antimony (i. 317). 
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POTASaivnC, jAJRSSXSrZBB or. See Potassium, Allots of (p. 696). The 
compound K*As is formed by heating potuasium in arsenotted hydrogen. It is a chest- 
nut-brown powder, which is decomposed by water, giving off arsenetted hydrogen, and 
forming hydrate of potassium ; K®As + 3H*0 — II*As + 3KHO. Alloys contain- 
ing larger proportions of arsenic likewise yield solid arsenide of hydrogen (i. 371). 

POTASSrUMC, BORZOB OP t Potassium and boron when heated together, 
unite without inflammation, forming a grey metallic mass, which conducts electricity, 
and is decomposed by contact with water, yielding potash and hydride of boron (Davy). 
According to Gay-Lussac and Th<^nard, the product obtained as above is only a 
mechanical mixture of boron and potassium. 

POTASSIUM, BROMZDS OP. KBr.— Potassium and bromine unite directly, 
with violent inflammation and detonation. The bromide is also formed by heating 
potassium in hydrobromic acid gas, and by the action of bromine on fused iodide of 
potassium. It may be prepared : 1. By neutralising hydrobromic acid with potash.— 

2. By decomposing bromide of iron with an eciuivalent quant ity of potassic carbonate.-- 

3. Together with the bromate, by adding liromino to a solution of caustic potash till 

the liquid acjquires a slight permanent yellow colour. The bromate may then be 
decomposed by passing a current of sulphydric acid through the solution the excess of 
the gas expelled by gentle heating, the liquid Altered trom tlu' depombul sulphur, and 
evaporated till it yields crystals of the bromide (Lo\vig).--h. Jvlj'in (Ann. C.i. 
Pharm. cxxviii. 237) prepares the salt by decomposing bromide of calcium (obtained 
by triturating 1 pt. amorphous phosphorus with 12 0 pts. bromine and water, and 
slightly supersaturating the resulting aqueous hydrobromic acid with milk ot lime) 
with sulphate of potassium (13 pts.), leaving the mixture to itself for 1‘- hours, then 
evaporating the filtrate and wash-water, adding carbonate of potassium as long as tur- 
bidity ensues, and evaporating the filtered liquid to tlie crystallising point. , . 

Bromide of potassium crystallises in very brilliant cubes, sometimes elongated into 
prisms or flattened to plates. It has a specific gravity of 2*000 (Schroder, Mu A 
18.'i9 p. 12); tastes sharp ; decrepitates in the fire, and melts witliout decomposition. 
It dissolves more abundantly in hot than in cold water, and is slightly soluble in a/cM. 
It is decomposed at a red heat by chlorine. With aqueous hpochlorous ac/// it yields 
bromate and chloride of potassium, bromine and chlorine being set free. When fused 
with chlorate of potassium, it is converted into bromate. According to liempel 
(Ann. Ch. Tbarm. evii. 100), it is not decomposed in neutral solution hy permanijnnaU 
of potassium, even at the boiling heat ; but on addition of sulphuric acid, bromine is se 
free even in the cold, and after boiling for a few minutes the decomposition is complete, 
the liquid no longer containing any bromine. 

POTASSIUM, CAHBXBB OP T Charcoal which has been heated to redness in 
contact with potassium, effervesces afterwards in contact with water : heimo the e arco 
appears to have taken up a portion of the potassium, as the metal, if heated alone, 
would volatilise entirely. (Davy.) 

POTASSIUM, CABBOXZBB OP. KCO.— Potassium unites directly with 
carlK,nic aa first observed by Liobig (Ann.Ch. Wu.rm xi. 

Brodie (Chem. Soe. Uu. J. xii. 269), pure iwtassium heated to aboat 80 i" ^ 
oxide free from air, is at first slowly converted into an arborescent group of duU (,r y 
crystals ; but if the passage of the gas he further continued a more rapid 
taLs place, even at a lower temperature, and the grey crystals are converted 
red compound K-C*0* Tho grey substance, which cannot bo obtained P"”’ 
to consist of K«CO. The dark red compound may ho preserved under "'■“m 

hut is decomposed with extreme violence by waiter, and even in 

explodes from causes which have not been made out. On carefully 8 , A 

drhus alcohol, great heat is evolved, part of the substance, containing stlis oj we «"ti 
quantity of potassium,, dissolves, without evolution of gas, and the rest sepaiat , 
rhodizonate of potassium, probably thus : 

5K"C*0'^ = 2K'0 + K«C‘®0". 

CarUoxUle of Rhodizonate of 

Potassium. ^ otansium. 

Hence the carhoxide may he re^ed as a compound of protoxide and rhodizonate, or 
as a basic rhodizonate of potassium (see Khodizonic Acid). bv heating 

The black explosive substance formed in the preparation of ® 

carWte of poLsium with charcoal, ^pears to consist of one or toth 

pound* just described. According to (^“’^’^'■^^Vo^eA -^first a grey 

Dotassium is intensely heated in carbonic oxide gas, there are formed . » ^ 

^Sof oxide of potassium and free carbon, which sopites as the W^ratus 
SJim Twhite to a red heat ; and secondly a black rod body, which separate* at a Urn 



POTASSIUM: CHLORIDE OF. 


697 


perature below dull redness, both compounds being formed without access of water or 
moist air. When the vapours which escape from the receiver in the preparation of 
potassium are passed, first into a bottle partly filled with naphtha, and thence into an 
empty bottle, the grey fiiibstanco collects chiefly in the first bottle, the red in the 
gocond, pa3?t of it however escaping nncondensed, and imparting a red colour to water 
into which it is passed. The red substance dissolves in water without evolution of 
gas, forming a solution which exhibits all the reactions of rhodizonate of potassium. 
The explosion of the grey substance is attributed by Kiilineinann either to the 
heating of the mass by absorption of water, or to the formation of peroxide of potassium 
(from the protoxide present) and its action on the free carbon. 

POTASSIUM, CHX.ORZBS OP. KCl. Digestive Salt Sal digest? uum. 
Sglvii. Sal ffbri/agum SglvU. — Potjissium takes fire in chlorine gas at ordinary 
temperatures, burning with a red flame and producing chloride of polassiunn This 
gait is also formed by passing chlorine over red-hot hydrate or iodi(b* of p(jta8sinm ; by 
gently heating potassium in hydrochloric acid gas; by dissolving liydratc^ or carbonato 
of potassium in axpieons hydrochloric acid ; and by the action of potassium on fused 
chloride of magnesiimi and other metallic clilorides. It occurs iiMlivc, .sometimes pure 
but more abundantly mix(*<l or combiiud with other chlorides. Pure chloride of 
potassium, or sgl?.u?u\ is found in cubic crystals about the funiarolcs of Vc'siivius, also in 
tliin layers in the salt-beds of Stassfurth near Magdeburg. In tlie same locality there 
occurs above tluv rock-salt, a deposit of chloride of potassium and inagiie.siiim, or car- 
nallite^ KCl.Mg"Cr“.f)H'-*0, foi-niiiig a layer bet ween 60 and 70 feet thiek, interspersed 
with layers of rock-salt and kieserite, ]Vlg"iS0MT*0. This depo.sit is worked for the 
extraction of the potassium-chloride. On dissolving the carnal] ite in warm water, 
and leaving the solution to cool, the greater part of the chloride of potassium separates 
out, while the whole of the chloride of magnesium remains in solution. The method 
of recovering the remainder of the potassium -chloride from the mother liquor, will be 
described hereafter (p. 718). Chloride of potassium occurs also with the chlorides of 
sodium, magnesium, calcium, and otlu'r salts, in sea-water and brine-springs, and is 
obtained as a byc-product in the preparation of chlorate of potassium, the purification 
of saltpetre, and in several other manufacturing operations (see Potassium-salts, 
Manufactuhe of, p. 716). 

Chloride of potassium cryvstallises in cubes often prismalieally elongated; rarely 
(from .solution containing fn^e potash) in octahedrons. Specific gravity = 1*836 
(Kirwan), 1*9153 (Karsten), 1*945 (Kopp), 1*998 (Schroder), 1 986 (Schiff). 
Ittast.es like common salt ; is not acted on by the air; decrepitates when heated; melts 
at a low red heat ; volatilises unchanged at a higher temperature. It is somewhat, 
more volatile than chloride of sodium ; in a covered crucible it may bo kept in a state 
of fusion without loss ; but in open vessels it volatiIis('S gradually in the constantly 
renewed current of air. (II. Hose.) 

Chloride of potassium is more soluble in water than common salt, and produces a 
miicli greater degree of cold in dissolving than the latte r, but less than sal-ammoniac. 
One part dissolves at 17'5° in 3*008 parts of water, forming a solution of specific 
gravity 1*1635 (Karsten); it dissolves at ll'8'^in 2*89 parts, at IS’S'^in 2*87 ])art8, 
and at 15*6^^, in 2 85 parts of water (Kopp) ; 100 parts of water at 0“* dissolve 29 23 
parts of chloride of potassium, and for every degree above, 0*2738 parts (Gay- 
Lussac). 

Solutions containing various percentages of chloride of potassium have the following 
specific gravities: According to Schiff (Ann. Ch. Pliarm. evii. 293; Jaliresb. 1859^ 
p.39): 

Percentage 2*75 5*50 8*25 11*00 16*50 24*75 

Specific gravity at 15® 1*017 1*0360 P0529 1*0730 1*1115 1'1729 

According to Gerlaoh (Jaliresb. 1859, p, 43) : 

Percentage 5 10 15 20 24*9 

Specific gravity at 15® 1*0325 1*0651 1*1004 1*1361 1*1733 

Respecting the expansion by heat of solutions of potassium-cliloride of various 
strengths, see K re mors (Pogg Aim. Ch. Pharm. 394; Jahresb. 1857, p. 68); respecting 
the tension of aqueous viipours given off from its solutions, see Wiillner (Pogg. Ann. 
ciii. 529 ; Jahresb. 1859, p. 44). , , , , 

Chloride of potassium is but slightly soluble m strong alcohol. According to 
Schiff (Ann. Ch. Pharm. cxviii. 362; Jahresb. 1801, p. 87), 100 pts. of spirit of 
various strengths are capable of dissolving at 15®, the following quantities of potassium- 
chloride ; 
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Quantity of absolute alcohol 1 
in ] 00 pts. of spirit. ( 

Quantity of KCl in 100 pts.) 
of saturated solution. ( 


10 


20 


30 


40 


50 60 80 


24-6 19-8 147 10 7 77 60 2*8 0*45 

100 pts. of wood-spirit containinj; 40 per cent, methylic alcohol are capable of dissolv- 
ing, at the aaino temperature, 9-2 pts. of potassiuni-cliloride. 

Chloride of potassium is d(x*omposed by sulphuric, nitric or tartaric acid, with 
separation of liydrochloric acid and formation of sulphate, &c. of potassium. According 
to T>aumhauer(.Tahresb. 1850, p. 128), 1 at. chloride of potassium in aqueous solution 
is completely converted into nitrate by 2 at. nitric acid. 

Cldoride of potassium absorbs the vapour of sulphuric anhydride, forming a hard 

traitslucent mass consisting of KCl.SO* or vCl ^ Williamson’s 

clilorhydrosulphuric acid ^ ? p«j)i which is instantly decomposed by water. With 

chromic anhydride it forms a similar compound KCl.CrO®, whicli is also decomposed by 
wikter; it is obtained in needles when a solution of acid potassium-chromate in hydro- 
chloric acid is allowed to crystallise. 

Chloride of potassium unites with most other metallic ehlorid(*s, forming crystallis- 
fihle double salts; these aro ^escribed witli the chlorides of the several metals. 
CKloridc of potassium and mapnesiu/n occurs, as already obscr\'cd, in the salt deposit of 
Stassfurth (see also Potassium-sat.ts, hlANUrACTURK of, p. 717).-—Krcmersite, a min- 
eral occurring in’red octahedrons about the funi:irolcs of Vesuvius, consists of chloride 
of potas.siuin mixed or comhiin-d with tlio chlorides of sodium, anirnoniiim and iron. 

Hemichloride or Suhchlorid c of Potassium, K/'Cl. — Produced by melting 
the ordinary chloride with potassium in a stream of hydrogen. Tt is a dark blue com- 
pound, which is decomposed by \ratcr, with evolution of hydrogen and formation of 
potassic chloride and hydrate : 

K-Cl + IPO = KCl + KHO + II 


(H. Hose, Pogg. Ann. cxx. 1). A blue compound, probably identical with tho above, 
is formed when potassium is heated with chloride of phenyl. 

POTASSZI7IIK, CYA»rXBlS OF. See Cyaitides (ii. 2G8). 


FOTASSZUM, BETSCTXOST AXTB SSTXXMCATXOXT OF. 1. P factions 
in the dry way. — T’otassium-eompounds impart a violet colour to the outer blow- 
pipe tlame. Alcoholic solutions of potassium -salts burn with a viedet llarnc. The colour ' 
i,s not ptircepfible to the naked eye in )>rcsencc of sodium (or lithium) ; but if a thick 
plate of dark blue gla.ss be int(Tpo.sed between the eye and tlie flame, tlio yellow sodimii 
flame is comph‘tely cut otf, and the pota.ssinm-flame then becomes distinelly visible, of 
a rich reddish-violet colour. In this manner a very small qiiaiitity of potassium may 
be detected in preseinx? of a large amount of sodium. Jn the sp(?ctroscope, potassiuiri- 
ealts exhibit a spectrum very much like the ordinary solar spectrum, but characterised 
by a bright line near the red, and a fainter line near the violet extremity. 

The normal sulphate, carbonate, phosphate, ar-senate and borate of pota.ssiurn, are . 
not decomposed by heat. Tho; chloride, bromide, iodido and hydrate volatilise withbiit • 
decomposition at very high temperatures. Most other potassium-salts are decomjp^ea . 
by heat. 

2. Reactions in Solution . — All potassium-salts are soluble in water, and mopt 
of them easily soluble. The normal jotassium-salts of strong acids, e.g. KCl, K^O’, 
K'''.SO'‘, C'”K“0‘*, &c., are luiutral to test-paper, and the corresponding acid salts, e.g, 
KHSO\ CIIKO*, &e., have an acid reaction ; but in the case of tho weaker acids^ tlie 
alkaline reaction of the potash predominates in the normal, and even in the acid salts; 
thus the normal and acid carhonate.s, K*CO’ and KCl 10^, have an alkaline reaction; so 
likewise have all tho borates, excepting tho pentaborato, KII‘C*0*®, which is neutral 
(i. 645). 

Solutions of potassium-salts, if not too dilute, form with platinic.chloride a yellow 
crystalline precipitate of chloroplatinate of potiissium, K'^PtCl®, slightly soluble m 
water, insoluble in alcohol and in acids. If very little potassium be present, the solu- 
tion must be saturated with hydrochloric acid, platinic chloride added, the wliole 
evaporated to dryness, and the residue treated with alcohol, which leaves the chloroxdat- 
tinate undissolved. • v. *<1 

Concentrated potassium- solutions form with tartaric acid (or better, with aci 
tartrate of podium') a white crystidline precipitate of acid tartrate of potassium, 
in about 180 pte. of cold water, readily soluble in acids or in alkaline solutions, insolun e 
in alcohol. In dilute aqueous solutions, the formation of the precipitate is greatly 
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ffieilitatpd by addition of alcohol, also by agitating the solution or scrdtcliing the sides 
of tlie test-tubo with a glass rod. 

IJydrofinosilicic add forms in solutions of potassium-salts, a white, gelatinous pre- 
cipitate of potasaic silicofluoride. — Perchloric add forma a precipitate of perchlorate, 
insoluble in alcohol. When a concentrated solution of aliimmium-sidphatc is adde(l 
to a concentrated solution of a potassium -salt, octahedral crystals of alum are diJjDOsited 
on evaporating the solution. 

In mixed solutions, potassium must be looked for in the liquid which remains after 
the removal of all the metals which are precipitable by sulphydric acid, sulphide of 
simmonium, and carbonate of ammonium, and of magnesium by baryta-water. It may 
then be detected by its reactions with platinic chloride and tartaric acid; also by eva- 
porating the solution to dryness, and examining the colour and spectrum of the flame 
as above described. 

3. Estimation and Separation. — Potassium, when it occurs in a compoundnot 
containing any other metal or any fixed acid, may be estimated directly eitlier as 
sulphate or as chloride. All potassium-salts eonlaiiiing volatile acid.s are decomposed 
' by heating them with sulphuric acid, the excess of which may afterwards be expelled 
liyr a stronger heat, and the quantity of potassium or potash calculated from the weight 
of the residual neutral sulphate. It is difficult, however, to expel the last traces of free 
Milphuric acid by mere ignition ; but tbty may be comp^tely driven off by dropping a 
lump of carbonate of ammonia into the crucible, and repeating tlie ignition with the 
cover on ; the snlphuric acid then difliises into the atmosphere of ammonia in the 
(Tiicible, and a perfectly neutral sulpdiate remains, containing 41-52 per cent, potas- 
sium, or 54*06 per cent, of potassic oxide, K‘0. 

1 In estimating potassium as chloride, the only precaution to be observed, is to ignite 
the chloride in a covered crucible, as, when strongly heated in contact with the air, a 
portion of it volatilises. The cliloride contains 52-4 per cent, potassium, equivalont to 
6^19 K“0. 

The separation of potassium from all metals, excepting the. other alkali-metals, is 
tffcctcd by tho reagents above mentioned. From sodium and lith ium it is separa- 
ti'd by chloride of platinum, adding alcohol to complete the precipitation of the chloro- 
platinate of potassium. The precipitate is then collected on a vvinghed filter, washed 
villi alcohol and dried at lOO*^. It contains 1G*04 per cent, potassium, equivalent to 
19-31 K^O. 

Precipitation w'ith chloride of platinum serves also to separate pota.9sium from all 
other rnctals which do not form insoluble chlorides, and from all non-metallic elements. 

From emsium and rubidium, potassium may be separated by the greater solubi- 
lity of its clilorophitiiiate in watifir (i. 1114), or according to Redtenbacher (BulL 
iiioc. Cliim. 1865, ii. 201), by the difference of solubility of tho alums of tho three 
metals, 100 pts. water at 17^^ dissolving 13*5 pts. of potassium-alum, but only 2*27 
pts. of rubidium-alum and 0-619 pts. of caesium- alum. 

The amount of hydrate or of carbonate of potassium in a solution not containing any 
other alkali, or in commercial potasho.s, may be estimated by alkalimetry (i. 117, 263), 
and tho same method may be applied to the commercial valuation of organic potassiuni- 
Siilts, tartars for example, after they have been converted into carbonate by ignition. 
For the estimation of potassium in silicates, sec Silicates. 

i. dto7nic Weight of Potas.^ium.—Thc method of determining the atomic 
weight of this clement, in connection with those i>f chlorine and silver, has been 
already described under Ohloiuxe (i. 905). The experiments of Marignac give K = 
39*12; those of Stas give K == 39*14. 

^OTASSXUM, rXiUORXDS OP, KF. — Produced by dissolving potassium or 
the hydrate or carbonate in hydrofluoric acid, evaporating, and heating strongly to 
<;xpel the excess of acid. It is deliquescent, very soluble in water, and crystallises from 
aqueous solution evaporated under 40°, in colourless cubes often lengthened into 
prisms, or exhibiting square, pyramidally excavated fac<*s. Sp(‘citic gravity ~ 2*464 
(bddeker). It melts below a red heat. h;is a sharp, .saliiu; taste and alkaline reac- 
bon, and is decompos(;d by strong sulphuric acid, even at ordinary temperatures. It 
is insoluble in alcohol, and is privipifuted thereby from the aqueous solution in long, 
thread-like, radiating crystals containing KF.21PO. (H. Rose, Pogg. Ann. Jv. 554.) 

Fluorido of potassium forms definite crystailisable compounds with many other 
Unorides. The jluoi-ide of boron and potassium, KRF^ has been already described 
(i 634). Silioo-fluoride of potassiwri will bo described under Sii.iciuM. 

Elmride of Potassium and Hydrogen, KITF" or XF.HF, is obtained by leaving a 
seliition of potassium* fluoride containing excess ot hydrofluorie acid to evaponite in a 
pUtinum-dish, in rectangular four-sided tables -with truncated lateral edges, or by 
'‘Ty slow evaporation in a deeper vessel, in cubes (Berzelius). According to 
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Marignac (PI til. Mag. [4] xv. 157), it forms quadratic tables. W. Gibbs (Bull 
Soc. Chim. 1865, ii. 859) recominfiiids this salt as a convenient reagent for decomposin 
refractory silicates and other minerals ; beryl, cohimbite, chrome-iron, and cassiterite 
are easily disintegrated and decomposed by fusion with it. ’ 

, The cornpouiidsof potassium-fluoride with the fluorides of other metals are described 
nil dor the several m(;tals. 

POTASSIUM, HYDRATE OP. KHO or K-O.H'^0. Potash, Caustic Potash 
Potassa. Viyctahle Alkali. Pflan;::(7ilau(/in.s(ih . — This compound maybe produced by 
dissolving anhydrous protoxide of potassium, .K^O, or the peroxide, K*0‘,in water the 
excos.s of oxygen being given oiF in the latter case. TJiis indeed appears to be the only 
means of obtaining tho liydrate ai>solutcly pure. Ilut it is generally prepared for use by 
decomposing carbonale of potassium in dilute solution with slaked lime. In an iron ves- 
ted provided with a closely -titling cover, 1 pt. of carbonate of potassium is Jieated \yitli 
12 pts. of water till it boils; and slaked lime — prepared by mixing 2 pts. of quicklimo 
with 9 pts. of warm water, and keeping it in a covered pan till it is reduced to a soft 
powder — is then added by degrees. Alter eacii addifion of lime, the mixture is boiled 
for a few minutes in order tliat the carbonate of calcium may become dense, and fall 
readily to the bottom. AVhen all tho lime has been added, the whole, is boiled for a 
quarter jf an hour, w'ith the cover on, and left for the lime, &c. to settle down. Thu 
caustic solution — which should no longer elFervesce when poured into hydrochloric acid 
or give any, or very little cloudim*ss witli lime water (if otlierwiso, longer boiling, and 
perhaps, also, an addition of milk of lime, is requisite) — is then drawn off into stoppered 
bottles by a siphon first filled with w'ater. The residue is once or twice boiled for half 
an hour with a small quantity of water, and the remaining portion of potash separated 
by subsidence and decantafion. The rest of the lime is deposited in the stoppered 
bottles. The decanted solution is first rapidly concentrated in covei-ed iron j) 0 t.s; and 
if it becomes turbid, set aside in stoppered vessels, and tlnui decanted ; and lastly, 
rapidly boiled down in a silver basin, till the oily hydrate which remains begins to 
evaporate as a whole in white clouds. 

To ensure the complete .separation of the carbonic acid from t,lu5 potash, it is 
necessary to use a considerable quantity of w’ater. When only 4 pts. of water are used 
to 1 pt. carlKinate of potassium, no decomposition takes place; and a concentrated solu- 
tion of caustic potash witlnlraws the acid from carbonate of calcium (Liebig). The 
lime may also be mixed w’ith the solution of j^otassic carbonate at ordinary tenipera- 
turtvs, and the liquid .set aside in stopp(*red vessels; but them the decomposition pro- 
ceeds more slowly, and frequent shaking is required; tho carl)onato of calcium is also 
less dense than when the liquid is boiled, and consequently the decantation is nioru 
difficult. Moreover carbonate of potassium almost always contains silica, W'hieh is not 
precipitated at ordinary temperatures, but completely by sufficient boiling; fur it thou 
form.s an insoluble compound with the excess of lime and the p)otash. Any almnina 
that may be present is separated in the same way. As the alk:iliii(5 solution absorbs 
carbonic acid from the atmosphere very greedily, the air must be kept from it as miioh 
as possible. A portion of carbonic acid is always reabsorbed during evaporation, unless 
this process is performed in a silver ves.s<d fitted with a head. When tho caustic solu- 
tion is evaporated down to an oily comsistence, the grear.er. part of tlic carbonate 
separates in solid particles, which float on the surface, and can then be taken off by 
means of a spatula. If crude potash or pearl-ash is used instead of pure carbontife of 
potassium, the hydrate of potassium produced contains the chloride and sulphate 
present in the original substance. Hence, to obtain pure hydrate of potassium, it is best 
to use the pure neutral carbonate obtained by igniting cream of tartar, or the ci^stal- 
lised acid carbonate, and decompose it with lime obtained by igniting black marble. 

According to Berthollet’s plan, however, Tolerably pure hydrate of potassium— the 
Potasse a Valcool — may be obtained from impure carbonate. The caustic solution, 
obtained as above, is evaporated to the thiekness of syrup, shaken in close Tes.sels with 
one-third of its volume of alcohol, and Urn mixture left to settle. Two strata ar« 
thereby formed, the lower of which is an aqueous .solution of chloride, carbonate, ami 
sulphate of potassium, together with a portion of caustic potash, and rests on a precipi- 
tate which may contain lime, oxide of iron, and sulphate of potassium, while tin' upper 
citratum is a solution of caustic potash with some chloride of potassium in alcohol. 
This is poured off*, and freed fi-om the greater part of tho spirit, by distillation in » 
silver vessel furnished with a still-head, and boiled down in a silver basin till the 
hydrate begins to sublime. The resinous matter produced by the decomposition of the 
alcohol, and found floating on the surface, is then removed, and the hydrate is pourtju 
out on plates. It is free from sulphate of potassium, lint contains chloride, and traces 
of carbonate and acetate. 

Pur© hydrate of potassium may also be prepared: o. By decomposing the sulpli»‘® 
with baryta- water, added in just sufficient quantity, or better in slight excess, as on 
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evaporating the decanted solution, the small excess of baryta is precipitated by the 
carbonic acid of the air. (Schubert, J. Gliein. xxri. 117.) 

0. By decomposing pure nii.rato of potassium with met allic copper at a red-heat : 

1 pt. of saltpetre and 2 or 3 pts. of thin copper plate cut into small pieces, are arranged 
in alternate thin layers in a covered copper cnieiblc, ?ind exposed for half an hour to 
a modorato red-heat. The cooled mass is then treated with water, the liquid left to 
stand in a tall covered cylindrical vessel till the oxide t>f copper has completely sett led 
down, and the pure solution of potash is then decanted with a siphon. With the 
above proportions of saltpetre and copper, part of the latter is converted only into sub- 
oxide. It may, therefore, bo used fora second prepa rat it)n of potash by mixing 1 pt. of 
it with 1 pt. of saltpetre and 1 pt. of metallic copper. Iron may .also be used to decom- 
pose the saltpetre; but the potash thereby obtained is contaminated witli small quan- 
tities of carbonic acid, silica, &c. (W oliler, Ann. CTi. Pharni. Ixxxvii. 373.) 

F. Schulze (Zeitschr. Ch. Pharm. 18GI, p. 109) heats a mixture of 1 pt. pure 
nitrate of potassium and 1 pt. pure ferric oxide (prepared from ferrous oxalate) to low 
redness in a covered copper crucible into which hydrogen gas is passed by a tube 
reaching nearly to the bottom. The nitric acid is easily decomposed, and at the end 
of the experiment the potash is found mixed with the ferric oxide, from which it 
may be dissolved out V)y water. 

Hydrate of potassium preparetl by the ordinary method from Ibe carbonate may 
contain the following impurities: — Carbonate of calcium, originating from imperfect 
decantation. — Ojcide of iron, when the caustic solution is evaporated in an iron vessel 
to such an extent that it begins to act upon the iron. These, together with utlier in- 
soluble substances accidentally present, remain bcliind when the potash is dissolved in 
yiiiXcr.^- Peroxide of Formed in small quantity, towards the end of tho 

evaporation, when conducted in the air. It is owing to the presence of tliis substance 
(liiit tile hydrate, wlnuj dissolved in water, gives off oxygen gas. — Carbonate of potassmm. 
The solution effervesces with acids. — Sulphate of po/assium. — Cldorido of barium, with 
excess of dilute hydrocJiloric acid, gives a precipitate. — Chloride, of pota.siiium. A pre- 
cipitate produced even when the liquid is very dilute, with a solution of silver, nitric 
acid being added in excess. — Nitrate of potamimi. Gives ibe ivactioiis of the nitrates 
([.). 83).— A few omdes of the heavy metals. Tho solution, supersaturated with acetic 
iwkl, give.s a precipitate with sulphydric aeid or sulphide of ammonium. 

-Hydrate of potassium, after fusion, is a white, hard, brittle substance, 
luiviiig a specific gravity of 2T (Dal ton), and often a fibrous texture. It melts below 
redness, forming an oily liquid clear as water, and volutilisos at a full red heat in white 
pungent vapours. It rapidly absorbs moisture and carbonic acid from the air; dissolves 
in about half its weight of water, evolving great lieat, and is almost equally soluble in 
alcohol. It has a peculiar nau.seous odour, and an acrid taste, and acts as a powerful 
cautery, quickly destroying botli animal and vegetable matters : hence its solution 
cannot bo filtered except through glass or sand, and is alw'ays best clarific'd by subsi- 
dence and decantation. The .solution should be kept in glass bottles free from lead, as 
it gradually corrodes lead-glass, dissolving out tho oxide of lead. It also attacks 
Vessels of green glass or porcelain when beat(?d in them. 

A hot concontratod solution of camstic potash deposits on cooling, transparent, 
colourless, veiy acute rhombohedrons of a hydrate containing KII0.2K‘0 or K-0.5ID0. 

The following tables give approximately tho proportion of potassic oxide, K*0, 
contained in lOU pts. by weight of solutions of different densities. 


Dalton 

(^System, 

ii. 293). 

Tunnerinaun (N. Tr. 

xviii. 2, 5 

at 15°). 

Specific 

K20 per 

Boiling 

Specific 

K'-O per 

Specific 

K20 per 

gravity. 

cent. 

point. 

gravity. 

cent. 

gravity. 

cent. 

2-40 

39-9 

129-6° 

1-3300 

28-290 

1-1437 

14-145 




1-3131 

27-168 

1-1308 

13-013 

2-20 

36-8 

123-9 

1*2966 

26-027 

1-1182 

11-882 

1-42 

34-4 

118-3 

1-2805 

24-895 

1-1059 

10-750 

1-39 

32-4 

115*6 

1-2648 

23-764 

1-0938 

9-619 

1-36 

29*4 

112*2 

1 2493 

22-G32 

1-0819 

8-487 

1-33 

26-3 

109-4 

1-2342 

21-500 

1-0703 

7-365 

1*28 

23 4 

106-6 

1-2268 

20-935 

1-0589 

6-224 

1*23 

19-6 

104-4 

1-2122 

19-803 

1-0478 

6-002 

119 

16-2 

103-3 

1*1979 

18-671 

1-0369 

3-961 

ITS 

13-0 

101-7 

1*1839 

17-540 

1-0260 

2-829 

IT 

9*5 

101-1 

1-1702 

16-408 

1-0153 

1-697 

1-0 

4-7 

100-6 

1*1668 

16-277 

1-0050 

0-5658 
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The Liquor Potassfn of the pharmsicopcBia contains iioiu’ly 5 per cent, of the solid 
hydrate, KHO, and has a density of 1*058.' The strong solution, of specilic gravity 
about 1*25, us(jd for absorbing carbonic acid in organic analysis, may be prepared by 
dissolving 1 pt. of the hydrate in 3 pts. of water. ^ 

lieactions . — Hydrate of potassium, when heated alone, does not decompose at any 
temperature, but when heated with silicic, boric, phosphoric, tungstic, tartaric, stannic 
or any nou-volatile acid oxide, it gives otf water and is convcjrted into a potassium’ 
salt of the acid. Heated with potassium, it gives off hydrogen and is converted into 
the anhydrous oxide: KTTO + K = K‘^0 + H. When moderately heated with 
sodium under a liquid not containing oxygen, it yields an alloy of potassium and 
sodium (p. 696). In contact with iron at a wdiito heat, it is completfdy decomposed, 
giving off hydrogen and potassium and fonning oxide of iron. 

^ Potash possesses in an eminent degree tlie characteristic properties of an alkali (i. 117), 
viz., solubility in water; the power of neutralising acids and decomposing metallic 
salts ; a caustic or corrosive action on organic substances ; and a peculiar action on 
vegetable colours, turning reddened litmus blue, turmeric brown, and syrup of violets 
or infusion of red cabbage, green. Aqueous potash decomposes most metallic salts, 
precipitating from their solutions all those metals which form insoluble oxides or 
hydrates. The precipitates formed by it in solutions of aluminium, gliicinum, chro- 
mium, zinc and lead, aro soluble in excess of the alkali ; the rest arc insoluble. [For 
the special reactions, see the several metals.] 

At high temperatures, it acts with great energy on nearly all substances, taking 
up any acid that may exist ready formed in the substance, and giving rise, by oxidation, 
or by a splitting U23 of the original conqiound, to the formation of acids which did not 
previously exist. Thus it docom 2 )o.ses many silicates, forming silicate of potassium and 
separating the bases : hence it destroys glass or porcelain vessels in whicli it is fusiHl. 
Many metals are oxidised by fusion with it, and oxides are raised to a higher state of 
oxidation ; in this manner antimony and arsenic, and even iron and platinum (p. OGO), 
aro converted into acid oxides which unite with the potasli ; and chromic oxide, ihr 
oxides^ of manganese, &e., aro converted into chromate and manganate, &c., of 
potassium. 

Organic compounds (carbon-compounds) either unite directly with potash or arf 
decomj)osed by it, in some cases by contact with its aqueous or alcoholic- solution at 
ordinary or at liigher temperatures, in others by fusion with the hydrate. The inudivs 
of action of potJish (and of fixed alkalis in general) on organic compounds may bo 
classified as follows : — 1. Direct combination. — 2. Double deconqiosition. — 3. Oxida- 
tion with elimination of hydrogen. — 4. Conversion of tho organic compound into an 
isomer. 

1. The instances of direct coinhinati<m of jjotash w’ith organic bodies are but few. Car- 
bonic oxide and carbonic anhydride aro absorbed by it, producing in the first 
case, formate of jpotassium, CHKO-, and in tho second, the acid carbonate, CHKO*. 
Jsatin dissolves in aqueous ijotasli, forming is^ltat(^ of i)ota.ssiiim, + KHO 

« C^H^KNO* ; similarly with chlor- and brom-isatin. Benzil, and cou- 

marin, C^IPO*, are converted by boiling with aqueous potash into bonzilate and 
couraarate of potassium, C'^II”KO* and C'HI’KO® rcs 2 >ectivoly ; and camphor, 
strongly cheated with potash-lime in a sealed tube, is converted into campholate of 
potassium, C'^H^KO*. The acids corresponding to these potassium-salts consist of 
the original compound + H*0. 

2. Double Decomposition . — Organic acids (and indeed all acids) are converted by 
aqueous potash into jDotassiuin-salts with elimination of water: e,g., C*H‘‘0* + KHO 
=a C*H*KO* + H*0. Some alcohols (as phenol) yield similar compounds withaqueons 
potash ; solid potash acts also on other alcohols and on aldehydes, but in a different 
manner. 

Some acids when fused with potash at about 200° aro resolved into two oth<vrs, 
thus: 

C<H»0« + 2KHO * CHPKQ* ^ C*HKO« + 2IPO. 

Tartaric Acetate. Acid 

acid. oxalate. 

3KHO « 2C«H*KO* -i- C*HKO* + SH^O. 

IVfucic Acetate. Acid 

acid. oxalate. 

Compound ethers are converted by alcoholic potash into alcohols and potassiuin- 
salts of the corresponding acids, and glycerides boiled with aqueous potash arc 
resolved into glycerin and potassium-salts of the fat acids, or soaps. 

Chlorides, bromides, and iodides of alcoholic and acid radicles are converted 
by potash into cldoride, bromide and iodide of potassium on the one hand, and alcohow 
or potassium-suits of tho acids on the other : e.g. : 
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C*H*C1 + KHO 

Chloride of 
ethyl. 

C^H^OCl + 2KH0 

Chloride of 
benzoyl. 


KCl + (C*H*)H0 

Kihylic 

alcohol. 

KCl + C^H^KO* + H*0. 

Benzoate of 
potassium. 


The chlondes and bromides of diatomic alcohol-radicles (ethylene, amylene, &c.) 
are resolved under the iniluenco of alcoholic potash into hydrochloric acitl and aide- 
hydic chlorides ; e.g, : 


= HCl + C’^H^Cl. 


Amides (nitrides of acid-radicles) are for the most part attacked hy boiling potash, 
giving off ammonia and yielding potassium-salts of the corresponding acids ; e.g, : 

C^H‘O.H2.N -I- KHO = H»N -i- C^H^KO*. 

Benzamicie. Benzoate of 

potassium. 

Alcoholic cyanides boiled with potash give off aihmonia and are converted into 
potassium-salts of fatty acids ; e.g. : 

C'^H“.CN + KHO + H'^0 = NIP + C»H^KO*. 


3. Oxidation unth evolution of hydrogen, 
ilcoholsand aldehydes ; thus; 

C^H^O ^ KHO = 

Benzoic 

hydride. 

C‘«H'20 + KHO = 

Cuminol. 

C^H*20 + KIIO 

Amylle 
alcohol. 


This reaction takes place especially with 

C’lPKO^ + H*. 

Benzoate of 
pota.ssium. 

C‘®H'>K02 ^ IP, 
eliminate of 
potassium. 

C^H^KO-* + 2H*. 

V alerate of 
potashimn. 


IJommon alcohol and aldehyde are in like manner converted into acetic acid when 
hopped upon potash-lirac. 

When the salts productnl in these reactions are heated to a temperature higher tliaii 
hat at wliieh they are formed, secorulary products are obtained ; thus acetate of potas- 

iium may Vie resolved into carbonate and marsh-gas : CTl^XO’-^-l-KHO + CTP ; 

brmate of potassium into oxalate and hydrogen : 2CH.K0® =» + H* ; tho 

ixalato into c^irbonate and hydrogen ; Cy*K‘"0'' + 2KHO = 20K*0* + H'^, &c. 

Compound irthers also yield oxidised products when they are fused with potash-limo 
iTstoad of being tre.'ited with alcoholic potash (Dumas and Stas, Ann. Ch. Phys. 
xxiii. 151). They then give off hydrogen and yield two kinds of products, the first 
lerived from the acid, the second from the alcohol, as if the alkali had oxidised the 
icid and alcohol separately. In tliis manner, ethylic oxalate yields acetic acid derived 
rom tho alcohol, and carbonic acid from the oxalic acid. 

Like most oxidising agents, potash ofli'ii splits up organic bodies, especially at very 
ligh temperatures, taking from them the carbon and oxygen necessary to convert it 
nto carbonate. Highly oxidised bodies, such as fixed acids, and fixed neutral sub- 
itances (sugar, gum, starch, woody fibre, &c,) are easily attacked by fused potash, 
)ften yielding carbonate and oxalate of potassium, and giving off liydrogen gas. Some 
icids are resolved by this mode of oxidation into two other acids ; thus succinic acid 
nelds oxalic and acetic acids : 


+ 2KH0 

Succinic 
acid. 


C*HHvO» + C^HKO* + 

Acemte. Acid 

oxalate. 


3H*. 


rtip acids of the acrylic or oleic scries liiscd with potash yield acetic acid and 
mother fatty acid ; e.g. : 

C'“H«0* + 2KHO = C"H»KO= + C>«IH‘KO* + H-. 

Oleic acid. Acetate. Palmitate. 

Azotised bodies (indigo, caffeine, quinine, &c.) subjected to this timde of o^da- 
lon with alkaline hydrates give off ammonia or other volatile alkalis; such as methyla- 
nine, aniline, cliinoline, &c. All nitrogenous organic bodies lusted to low redness 
vith hydrate of potassium, yield cyanide of potassium ; but when heated to full ^ 

nth potash-lime (or soda-lime) they aU, excepting nitro-compounds, give off the 
n^hole of their nitrogen in the form of ammonia. (See Analysis, Organic, i. 244. ) 

Organic bodies containing sulphur, yield by fusion with potash, either sulphide, 
•ulphito or sulphate of potassium. 
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4. A few organic bodies undergo isomeric or polymeric transformations by coiitiK't 
with caustic potash; thus furfuramide is converted into furfurine ; hydrobenzamicli* 
into amarine; bitter almond oil, CUPO, into benzoin, 

POTASSXVM;, KY3>RZBB OX*t Potassium heated not quite to redness in 
pure hydrogen gas, absorbs about one-fourth as much of the gas as it would have evolved 
by contact with water, and is converted into a grey powder. without me tallic 

lustre and infusible below a red heat (Gay-Lussac and Thenard). See Gmdhis 
Handbook^ iii. 17. 

POTASSXUIWI, XOBXDS OP. KI. — Potassium unites with solid iodine (under 
slight pressure, even at ordinary tempieratiires) and takes fire spontaneously in its 
vapour, burning with a violet flame. The iodide may bo prepared by neutralising 
hydriodic acid with potash or potiissic carbonate ; by the action of iodine on aqueous 
potash or sulphide of potassium; or by decomposing other metallic iodides, those of 
zinc and iron for example, with carbonate of potassium. 

a. When iodine is added to a solution of caustic potash till the liquid begins to 
assume a brown tint, iodide and iodate of potassium are formed, according to the 
equation : 

31* + 6KIIO = 5KI + KI0=* + 3H‘-0. 

On evaporating the solution and gently igniting the residue, the iodate is decomposed 
into iodide and oxygen, and the remaining iodide fuses, (hire must be taken not to 
allow the temperature to rise too high, as the iodide volatilises at a red heat. 

/3. A solution of ferrous iodide is prepared by digesting 2 pts. of iodine and 1 pi. of 
iron in a stoppered vessel with 10 pts. of water (iii. 890) ; the solution is decanted aft er 
a while from the excess of iron ; and a quantity of iodine is added equal to a third of 
that which it already contains. The solution is then boiled and carbonat e of potassium 
is added by small quantities as long as cftervescence ensues and a precipitate is formed. 
Tim solution filtered from this precipitate, which consists of ferroso-fcrric oxide and is 
very dense, yields on evaporation, crystals of iodide of potassium. The precipitate 
however is found to retain a portion of the potassium-iodide with great obstinacy, so 
that it cannot easily be removed by washing. To obviate this inconvenience Dietz 
(N. Jahrt). Pharm. xviii. 206) ignites the iron precipitate previously to washing. 

7 . Liebig (Ann. Ch, Pharm. exxi. 222) recommends, as the best mode of obtaining 
pure iodide of potassium, the decomposition of iodide of calcium by sulphate of 
potassium. To parepare the calcium-iodide, an ounce of amorphous phosphonis is 
drenched with 30 oz. of hot water, and fine pulverised iodine is gradually added, with 
constant stirring, as long as it dissolves without colour (tho quantity thus dissolved 
being 13^ oz.). The colourless liquid is then decanted from the slight deposit; tho 
latter is washed ; the united clear liquids are mixed to alkaline reaction, with milk of 
lime prepared from 8 oz. of lime ; the solution is strained off ; and the residue, con- 
sisting of phosphate, phosphite, and excess of hydrate of calcium, is washed. The solu- 
tion of calcium-iodide thus obtaimnl is mixed with a hot solution of 9 oz. crystallised 
potassium-sulphate in about 48 oz. water; tho liquid, afietr sbinding for six hours, is 
strained from the separated sulphate of calcium ; the residue is washed and pressed ; 
the liquid evaporated down to a litre and mixed with carbonate of potassium to pre- 
cipitate the remaining portion of calcium; and the solution, after the gelatinous 
precipitate has become dense, is filtered, washed, and evaporated to tho crystallising 
point. This process yields 13^ oz. of crystallised potassium-iodide, and by evaporation 
of the mother-liquor, 3^ oz. of perfectly pure pulverulent iodide. Acccording to 
W. Squire (Jahresb. 1862, p. 71), iodide of potassium thus prepared often has areddish 
colour [from presence of phosphorus?] and is difficult to crystallise ; but may be 
rendered colourless and easily crystallisable by previous fusion. [For other modes of 
preparation, see GmclbrCs Handbook^ iii. 45.] 

Iodide of potassium, when pure, dissolves in six times its weight of alcohol (specific 
gravity 0*83), and does not effervesce or turn brown on addition of hydrochloric acid ; 
effervescence would indicate the presence of carbonate, and the product ion of a brown 
colour, that of iodate of potassium, the brown colour arising from separation of iodine 
by tho mutual action of iodic and hydriodic acids (iii. 300). 

Iodide of potassium crystallises in cubes, sometimes elongated ; rarely in octahedrons. 
The crystals are sometimes transparent, sometimes semi-opaque. Specific gravity « 
2*9084 (Karsten); 3*001 (Boullay); 2*860 (Schiff); 3*079 (Schroder). It w 
not deliquescent, has a sharp taste, and turns reddened litmus-paper slightly blue. It 
melts below a red heat, and when exposed to the air, volatilises undecomposed at a 
moderate red beat. 

Iodide of potassium, is very soluble in water, and in dissolving produces a consider- 
able fall of temperature, sometimes amounting to 24®. It dissolves in 0*736 pt. water 
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at 12*6® and in 0*709 pt. at 16® (Baup); in 0*7 pt. at 18® and in about 0*46 pt. at 
120 ® (Oay-Lussac). A saturated solution boils at 120® (Baup). The following 
tublo exhibits the expansion by heat of aqueous solutions of potassium -iodide of Tarious 
degrees of concentration, as determined by Kremers (Pogg. Ann. cviii. 116 ; Jahresb. 
1869, p. 49): 

JTolume^ of Aqueous Iodide of Potassium at different temperatures (vol. at 19*6® 1). 


Quantity of salt in 100 pts. 
water. 

28*2 

56*1 

92*6 

135*8 

Specific gravity at 

1*1866 

1*3445 

1*5144 

1*6822 

0® 

0*99422 

0*99231 

0*99127 

? 

19*6 

1-00000 

1-00000 

1*00000 

1-00000 

40 

1*00843 

1*00969 

1*01016 

1*01022 

60 

1*01856 

1*02017 

1*02090 

1*02085 

80 

1*03039 

1*03195 

1*03247 

1*03022 

100 

1*04388 

1*04500 

1*04487 

1*04376 


Iodide of potassium dissolves at 12*6® in 5*6 pts. alcohol of specific gravity 0*85, 
and at 13*6® in 39 — 40 pts. of absolute alcohol; hot alcohol dissolves a much larger 
amount, and deposits it in needles on cooling. 

Chlorine^ with the aid of heat, decomposes iodide of potassium into chloride of 
potassium and iodine. From a solution in 2 pts. of water, chlorine gas throws down 
iodine at first ; but this disappears again when more chlorine is added, a compound of 
trifililoride of iod ino with chloride of potassium being formed, which colours the liquid 
yollow, and yields an abundant crop of crystals. (Filhol.) 

The brownish-yellow colour produced by chlorine is visible in a diluted solution to 
lilt' extent of I pt, of iodide of potassium in 3000 pts. of water ; the same reaction is 
jiroducod by sulphuric and nitric acid, in a solution of 1 pt. in 6000 pts. of water. 
(Soe Iodides, iii. 287.) 

Iodide of potassium evaporated with nitric acidy is entirely converted into nitrate 
(Scrullas). When it is heated with nitrate of ammonium, iodine is abundantly 
t'volved, with production of a brown colour. It is easily decomposed by nitrous acidy 
^^iiicli sets the iodine free. On adding nitrite of potassium a solution of the 
iodide acidulated with hydrochloric acid and mixed with starch-paste, a dark -blue 
Colour is produced, instantly in strong solutions, after a few seconds in very dilute 
solutions (D. S. Price, Clicm. Soc. Qu. J. iv. 156). — By fusion with chlorate of potaS’- 
uinuy the iodide is converted into iodate ; heated with nitrate of poUissium or nitrate 
of barium, it yields a small quantity of iodate of potassium or barium, together with 
pfToxide of barium in somewliat larger quantity (O. Henry, J. Pharm. xviii. 346). 
In the vapour of sulphuric anhydride^ it turns reddish-brown, and produces sulphate 
of potassium, sulphurous anhydride and iodine (H. Hose, Pogg. xxxviii. 121) : 

2KI + 2SO* = K^SO* + SO* + I*. 

When distilled wnth dilute sulphuric acid, it yields, first hydriodic acid, then, on 
further concentration, iodine which dissolves in the hydriodic acid, and^ sulphurous 
, aiihydride wliich passes over with the water and iodine, and is converted into sulpliu- 
' ric acid. Heated with peroxide of mangaru^se and sulphuric acidy it gives iodine only, 
sulphurous acid. A mixture of equal parts of iodide of potassium, common salt, 
nitre, and sulphuric acid, yields chloride of iodine as the principal product (Sou be i- 
ran). Steam passed over iodide of potassium heated to redness, caiises the evolution 
<^f a largo quantity of hydriodic acid gas ; the residue is alkaline (Schindler, Mag. 
l^barm. xxxi. 33). A mixture of iodide of potassium and sal-ammoniac yields, when 
heated, free iodine, and iodide of ammonium, whilst iodide and chloride of potassium 
remain behind. The mixture remains unaltered in dry air, but in moist air, slowly 
absorbs water and becomes brown through the decomposition of the iodide of ammonium. 

A concentrated solution oi ferricyanide of potassium separates iodine from iodide of 
potassium ; a dilute solution does not ; and the iodine separated in the lormer cj^^e is^ken 
again on diluting the liquid, the reaction represented by the equation 2K*Fe Cy® + 
2KI « 2K*Fe"Cy® + I*, taking place one way or the other according to the strength 
of the solutions. (C. Mohr, Ann. Ch. Pharm. cv. 57 ; Jahresb. 1868, p. 99.) 

Iodide of potassium is much used in medicine ; it is not poisonous even in doses ot 
several drachms. Its solution is also employed as a vehicle for iodine itself, 20 grs. 
of iodine and 30 grs. of the iodide being usually dissolved together in an ounce of 
Kaffir. The solution thus obtained, which has a dark-brown colour, is sometimes 
Vol. iv. Z Z 







706 POTASSIUM: NITRIDE— PHOSPHIDE. 

supposed to contain' a cli-iodide of potassium; but as the excess of iodine is easih 
removed from it by sulphide of carbon, this view is not very probable. ^ 

Iodide of potassium unites with many other metallic iodides, forming double salts* 
these are described under the respective metals. A compound of iodide and ferricya! 
nide of potassium, KI.K*Fe'*Cy*, is obtained as a golden-yellow crystalline powder hv 
the action of iodine on a warm solution of the ferrocyanide. (I* reuse, Ann. Ch 
Pliarm. xxix. 323.) 

POTASBIITM, irXTIUBlI OP. Tripotassamide, K»N (p. 695). 

POTASSXimf, OZXDBS OP. Potassium forms three oxides, a protoxide 
K*0, a dioxide and a tetroxide K“0*. A grey suboxide is said also to he 
formed during the gradual oxidation of the metal in dry air, but it is probably only a 
mixture of the protoxide with potassium. 

Protoxide of Potassium or Anhydrous Potash, K*0, is formed : 1 . When potas- 
sium in thin slices is exposed at ordinary temperatures to air free from moisture and 
carbonic anhydride, — 2. By heating potassium with various metallic oxides, also with 
carbonic, boric, silicic, sulphuric anhy^do, &c. — 3. By heating 1 at. potassium with 1 at. 
of the hydrate : — 

2KHO -f. K* « 2K^O + H*. 

Protoxide of potassium is white, very deliquescent and caustic ; combines energetically 
with water, becoming incandescent when moistened with it ; melts at a red heat and 
volatilises at very high temperatures. 

Tetroxide or Peroxide of Potassium, K®0^ — This oxide is obtained, mixed 
however with variable quantities of the protoxide, when potassium is burnt in dry air 
or oxygen gas. Gay-Lussac and Thenard, who examined the peroxide thus formed, as- 
signed to it the composition K*0®, but their determinations did not agree well with 
one another. To obtain a definite product, it is necessary to expose perfectly pure and 
clean potassium to a moderate heat, first in a current of dry air, then in dry oxygon 
gas ; if the metal is at once exposed to the action of pure oxygen, great heat is evolved, 
and the peroxide melts and attacks the glass vessel. 

Tetroxide of potassium is a chromo-yellow powder which cakes together at about 280°. 
It absorbs moisture rapidly from the air, and is deconiposi‘d by water, giving off 
2 at. oxygen, and forming a solution of dioxide of potassium, K®0*. When heated in 
a silver boat in an atmosphere of nitrogen, it is reduced to protoxide, oxide of silver 
being also formed and 2 at. oxygen given off as gas : — 

+ Ag* = K*0 + Ag*0 + 0» 

When heated with sulphur, it deflngratos violently ; but when sulphur-vapour is 
passed over the tetroxide gently heated in an atmosphere of nitrogen, a portion of it 
(in one experiment nearly the whole) is converted into sulphate of potas.'sium KO^S; 
generally however the excess of sulphur exerts a reducing action, forming sulphurous 
anhydrido and sulphide of potassium. The tetroxide gently heated in a stream of car- 
bonio oxide, yields carbonate of potassium and 2 at. oxygen, K'-'O* h CO = CK-0“ + 0^. 
With carbonic anhydride, a similar action takes place, with evolution of 3 at. oxygen. 
With nitric oxide, it forms nitrate and nitrite of potassium, together with nitric peroxide: 

K*0* + 3NO » KNO> + KNO* + NO« ' 

Nitrous oxide does not act upon it. (A Vernon Ha r court, Chem. Soc. Qu. J 
xiv. 267.) 

Dioxide of Potassium, K*0*, is formed at a certain stage in the preparation of th( 
tetroxide, but has not been obtained in perfectly dt^finite form. By carefully regulating 
the heat and the supplj^ of air, nearly the whole of the potassium may be convertec 
into a white oxide exhibiting nearly the composition of the dioxide; hut before tht 
metal has quite disappeared, some portions of it are always converted into the yellow 
tetroxide. An aqueous solution of the dioxide is formed, as already observed, by the 
action of water on the tetroxide. (Harcourt.) 

POTABSXUlllEf PBOSPBXBB OF, — ^Potassinm and phosphorus unite when 
heated together in nitrogen gas, the combination being attended with evolution of light 
and heat. Under naphtha the action takes place without combustion, merely causing 
the liquid to boil. To obtain the pure phosphide, potassium must be heated 
excess of phosphorus in a stream of hydrogen till flame is produced, and further till tho 
mass of phos^orus is volatilised (H. Rose, Poggl Ain. xii. 647). It is a copper- 
red, crystalline substance having a metallic lustre. It burns rapidly when heated m 
the air, forming phosphate of potassium, and is decomposed by water, yielding hyp®* 
^os^hite of potassium, phosphoretted hydrogen gas, and solid phosphide of hydrogen* 
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pOTASSnmc, SB&lSXrZDBS or.— Compounds of selenium and potassium in 
various proportions are obtained: 1. By direct combination. 2. By igniting selenite 
or selenate of potassium with hydrogen or charcoal. 3. By fusing selenium with 
hydrate or carbonate of potassium, selenite of potassium being formed at the same time. 
The products thus formed arc grey or brown masses which dissolve in water, forming 
a solution from which acids eliminate gaseous selcnide of hydrogen, and precipitate 
selenium if that element is in excess. A solution of selenide of potassium may also bo 
formed by boiling selenium for a long time in aqueous potash. All the solutions of 
potassium-selenide have a hepatic taste, and on exposure to the air, deposit selenium 
m the form of a red powder. 

POTA88ZIJBK, 8ZZiXCZI>B OS'. — The two elements, when heated together, unite 
without perceptible incandescence. The compound containing a larger proportion of 
potassium than silicium is dark greyish-brown, and dissolves entirely in water, with 
evolution of hydrogen gas, j^ielding silicate of potassium; tlie compound with more sili- 
cium than potassium — obtained by decomposing fluoride of silicium with potassium, and 
also by strongly igniting the first compound — leaves a residue of silicium when digested 
in water. \^en vapour of potassium is passed over ignited silica, silicate and silicido 
of potassium are produced, and dissolve in water without leaving any residue. But if 
the greater part of the potaliBsium be previously expelled at a strong red heat, and tho 
remaining vitreous mass digested in water and then in hydrofluoric acid, a small quantity 
of silicium is left behind. 

POTB88XV1IZ, SZ&ZGOFBUOZtZBB OF. K’^SiF* ^ 2KF.SiF^ —Obtained by 
adding hydrofluosilicic acid to a potassium-salt, as a transparent gelatinous preci pit a fr, 
which dries up to a white earthy powder. It is one of the least soluble of the salts of 
potassium ; consequently hydrofluosilicic acid is sometimes used to separate potassium 
from its solutions, as in the preparation of chloric acid from chlorate of potassium. 

POTA88ZYniZv SVXtPRZBBS OF. Potassium heated in sulphur-vapour 
readily takes fire and burns with great brilliancy. It unites with sulphur in five dif- 
ferent proportions, viz. K^S*, K*S\ and 

Protosulphidc, K*S. — It is doubtful whether this compound has been obtained in the 
pure state. It is commonly said to bo produced by heating sulphate of potassium in a 
current of dry hydrogen, or by igniting tho same salt in a covered vessel with finely 
divided charcoal; but according to Bauer (J. pr. Chom. Ixxv. 246 ; Jahrosb. 1868, p. 
116), ono of the higher sulpliides is always formed at the same time, together with 
oxide of potassium. Tho product has a reddish-yellow colour, is deliquescent, and acts 
as a caustic on the skin. When sulphate of potassium is boated in a covered cniciblo 
with excess of lamp-black, a mixture of sulphide of potassium and finely divided carbon 
is obtained, which takes fire spontaneously on coming in contact with the^ air. The 
protosulphide might perhaps be obtained pure by heating 1 at. sulphydrato ot potassium, 
KUS, with 1 at. of the metal. 

When sulphydric acid gas is passed to saturation into a solution of caustic potash, a 
solution of the sulphydrate is obtained, which is colourless at first, but if exposed to 
the air, quickly absorbs oxygen, and turns yellow in consequence of the forTnation of 
disulphide : 2KHS + + IPO. If a solution of potash be divided into 

two equal parts, and one half be saturated with sulphydric acid, and then mixed with 
the other, a solution is formed which may contain protosulpliido of potassium : KIIS 
+ KHO = K^S + H*0 ; but it is also possible that the hydrate and tlie sulphydrate 
may mix without mutual decomposition. The solution when mixed with one 
stronger acids, gives oflT sulphydric acid without deposition of sulphur, a reaction which 
is consistent with either view of its consititution. 

Bisulphide of Potassium, IW, is formed, as already observed, on exposing a 
solution of the sulphydrate to the air till it begins to show turbidity. By evaporation 
in a vacuum, it is obtained as an orange-coloured, easily fusible substance. 

The trisu Ip hide, K^S*, is obtained by passing the vapour of carbonic disulphide over 
ignited carbonate of potassium as long aa gas continues to escape : 

2K*CO* + 3CS» « 2K*S* + ^0 + CO^; 

of potassium — ^forming one of the mixtures called /aver q/ 
(4 at.) carbonate of potassium with 40 j>ts. (10 at.) sulphur 

+ « K*SO* + + 4CO*. 


also, together with sulphate 
sulphur — ^by melting 69 pts. 
(P. 708): 

4K*CO» 


The tetrasulphide, K»S\ is formed by reducing sulphate of potassium with the 

"c u -i.. . — «> y »' 

Bulphideg with ex4ss of sulphur till it is saturated, or by fusing either of them m the 

Z 7. 2 
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dry Btato with s«li)hnr. The excess of sulphur tlien separates and floats abore the dark 
liver-brovm pentaaulphido. vj t. • 

All the sulphides of potassium, are brown or yellowy-brown solids^ having an alkaline 
reaction to test paper, and smelling more or less distinctly of sulphydric acid. Acids 
decompose them, with evolution of sulphydric acid gas, attended, in the case of all but 
the protosulphide, with the precipitation of white, finelv divided sulphur (milk of 
sulphur). On adding the pentasulphide to an excess of hydrochloric acid of specific 
gravity about 1*1, persulphide of hydrogen, 204), is separated as an oily hquid. 

The solutions of the higher sulphides become colourless on exposure to the air, the 
Bulphide being oxidised to hyposulphite and the excess of sulphiw separated.^ When 
a solution of caustic potash i.s boiled with sulphur, a decomposition ensues similar to 
that which occurs when hydrate of potassium and sulphur are fused together ; a deep 
reddish liquid is then formed containing hyposulphite of potassium and one of the 
higher sulphides : e.g. 

6KHO + S« = K^S^IPO* + 2K*S» + 2II*0. 

lAver of Sulphur, Hepar sulphuris sedinum s, alcdUnuTn, which is prepared hy 
gently heating sulphur with carbonate of potassium in closed vessels, etg, in covered 
earthen or cast-iron crucibles, — but freest from impurity, tn glass flasks,— -consists of 
trisulphide, penta-sulphide and intermediate sulphides of potassium, acco:^ng to the 
proportions employed, mixed with sulphate and often at the same time with ^rbonato 
of potassium. 69 pts. (4 at.) carbonate of potassium and 40 pte. (10 at.) sn^hur yield 
a mixture of 1 at. sulphate and 3 at. sulphide of potassium (p. 707). When less 
Bulphur is used and a lower heat applied, the product likewise contains undecompe^ed 
carbonate of potassium ; if the heat be stronger, the trisulphide changes to the disulphide, 
and a larger quantity of potassic carbonate is decomposed. Lastly, if the amount of 
sulphur exceeds 10 at, the excess converts the disulphide into Uitra- or penta-sul- 
phide of potassium. 4 at. carbonate of potassium require 16 at. of sulphur to form 
pentasulphide. Consequently, for 69 pts. carbonate of potassium, 40 pts. of sulphur 
IS the smallest quantity that can be used, and this produces tri-sulphide of potassium ; 
64 pts. is the largest, penta-sulphide being produced; any excess of sulphur beyond 
this volatilises without entering into combination. In the common proportion of 2 pts, 
of carbonate of potassium to 1 pt. of sulphur, the quantity of sulphur is therefore too 
small. 

POTilSSZUnXy SUIPKOCARBOWATB OF. See Sulphocarbonates. 


FOTASSXirilK, SVXiPKOCFAWATB OF. See Sulphocyanatks. 

POTASSXVPXf SOXPHOMOXiVBBATB OF. See Molybdenum, Sulphides 
OF (iii. 1044.) 

POTASSZiriMC, SITBPKOPHOSPHATB Jind SUIiPHOPKOSPKlTB OP. 

See Phosphorus, Sulphides of (pp. 603, 604). 

POTASSZUnC, SUliPKOTUBTOSTATB and SUBPHOVAITABATB OP* 

See Tungsten and Vanadium, Sulphides of. 

POTASSZUMf SUBPHFBRATB OF. KHS or K*S.H*S. — Formed, with 
liberation of 1 at. hydrogen, when 1 at. potassium is heated in 1 at. sulphydric acid gas, 
e.q. when 200 c. c. of the gas are decomposed by a quantity of potassium capable oi 
evolving 100 c.c. of hydrogen from water : 2H*S •+• K* *= 2KHS + H*(Gay-Luss^ 
and Thenard); also by passing sulphydric acid gas over carbonate of potassiun 
at a low red heat as long as water and carbonic anhydride continue to pass o 
(Berzelius): 

K^CO* + 2H*S » 2KHS + CO* + H*0. 

It is white if air has been excluded during its preparation, yellowish in tlw 
case ; crystalline ; black when melted. It is decomposed by dilute acids, with evoiutioi 
of sulphydric acid. If heated with 1 at. potassium, it would probably yield the pur' 
protosulphide ; 2KHS + K* «= 2K*S + H*. The same compound is obtained « 
solution by saturating aqueous^tash with sulphydric acid (p. 707). 

POTASSIUM, TBBBUMBB OF. Formed by heating tellurium with 
siurn in an atmosphere of hydrogen ; by heating telluric oxide with 2 J . . 
of potassium and 1 pt. charcoal ; and by passing the current of a PowerfW^To^ 
battery* through a solution of potash with tellurium for the negative pole, ide 
pound obtained by the flrst method is dark copper-coloured, brittle, has a 
fracture, and does not melt below a red heat ; that obtained by the second hM the cowu 
of nickel, while the third yields a steel-grey, brittle compound much more tna 

pure tellurium. Telluride of potassium dissolves in water, forming a purple so 
which becomes colourless and deposits tellurium on exposure to the air, and giv 
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telluride of hydrogen when treated with acids. A similar solution, but containing also 
tellurite of potassium, is formed by boiling tellurium in aqueous potash. (Berzelius.) 

pOTASazVAif-BTBYXi, C^H^K, and POTASSnrM-MBTRTB, CH*K, are 
obtained in combination with zinc- ethyl and zinc-methyl, by treating those compounds 
^th potassium ; they are not known in the separate state. Their reactions are 
precisely analogous to those of the corresponding sodium-compounds 
pOTiiSBZirM-BABTB, MASrirrB.CTVBB OF. The sources of potassium 
have been already enumerated. Formerly nearly all the potash used in the arts and 
manufactures was obtained from the aslies of land-plants ; but of late years the in- 
creasing demand for potash for the preparation of various compounds in which it has 
not yet been found possible to replace that alkali by soda, nam<*ly the chlorates, 
prussiates, chromates, &c., and mor<5 especially of saltpetre for the manufacture of 
gunpowder — also as a manure for the cultivation of various plants (vine, beet, cereals, 
&C.)- — has led to the invention of several processes by which potassium-salts may be 
obtained, either directly from mineral sources, or from the waste products of manu- 
facturing operations. It must bo observed, however, that the incineration of land 
plants has the advantiigo of yielding the alkali in the form of carbonate, which may 
easily be converted into the other by neutralisation with the respective acids, or 
into caustic potash by boiling wit h lime (p. 700), and thus at once rendered available 
for the manufacture of soap, and the various other purposes for which a caustic alkali 
is required, whereas the other sources yield the potassium for the most part in the form 
of chloride or sulphate, that is to say in a form r(?sembling the crude material in Lo 
Blanc’s process for the preparation of soda, and requiring a complicated series of opera- 
tions to convert it into carbonate or caustic alkali. For some purposes however, the 
preparation of nitrate of potassium for example, the chloride of potassium is at once avail- 
able, without previous conversion into carbonate. 

The sources from which potassium-salts are at present obtained arc the following : 

I. The ashes of Land plants. IV. Felspar and other Silicates. 

II. The ashes of Marine plants. V. The Wool of Sheep. 

III. Sea-water, Brine-springs, and Saline deposits. 


I. MaNUFACTUBE of CAEIiONATB OF POTASSIUM FUOM THE AsHES OF TiMBEB 
AND OF Land Pj.ants in genehal. 

The ashes obtained from plants of different species exliibit very great diversities 
of quantity and composition; but the chief constituents are always the carbonates, 
chlorides, sulphates, phosphates, and silicates of potassium, sodium, calcium, magnesium, 
and iron : the carbonates, which generally constitute by far the larger proportion of tho 
ash, are produced by the decomposition of organic salts of the several bases (see Ash 
OF Okoanic Bodies, i. 416). The following tables will give an idea of the great diftcr- 
oncesin the total amount of ash and the proportion of potash yielded by various plants : 


Boss 


Analyses from 1,000 'parts. 


Pine wood 
Beech „ 

Ash „ 

Oak „ 

Elm „ 

Willow,, 

Vines 
Ferns • 

Wormwood 
Fumitory 

Abbeue and Blengini 

Dahlia with blossoms and leaves 
,, stems after flowering time^ 
bulbs . 

„ branches 
Acacia-branches 
Grape-stems . 

Vine 

Skins of pressed grapes 
Stems of a cluster of grapes 
Grape-stones . 

More extensive tables will be found in Kichardson and Watts’s Chemical I'echnology, 
'• [3] 440— 463, 


Ash. 

Potash (K20) 

3-40 

0*45 

5-80 

1*27 

12*20 

0*74 

13*60 

1*60 

26*60 

3*90 

28*00 

2*85 

34*00 

6*50 

36*40 

4*26 

97*40 

73*00 

219*00 

79-90 

,000 p (» rts . 


Ash. 

Potash (K20). 

79*92 

19-98 

44*67 

3*60 

99*16 

13*44 

23*05 

2*56 

24*69 

2*56 

88*88 

41*66 

46-66 

12*73 

72*91 

14*88 


39*81 

, • , 

9*60 



Fig. 741. 
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Foiash from the ash of Fore^Utimber, 

It wiU be seen from the examples above given that the proportion of potash in her- 
baceous plants is mudi greater than in trees ; and accordingly it has been proposed to 
grow such plants (wormwood, tansy, marigold, dec.) for the sole purpose of extracting 
potash from their ashes. But such a plan can seldom be profitably carried out ; for these 
fast-growing plants, except under very peculiar circumstances, soon exhaust the soil 
of all its available potash. Forest trees, on the other hand, during their comparatively 
slow growth, are able to avail themselves of the potash which is supplied to the soil by 
the ^adual decomposition of felspar, clay, &c., and thus a continuous growth is kept 
up without exhaustion of the soil. It is therefore from forest trees that potash is 
principally obtained, the manufacture being carried on in countries where extensive 
forests prevail, as in North America, Kussia, Sweden, Germany, and some parts of 
Tuscany and France. 

The incineration is effected either in pits, sunk into the ground to a depth of three 
or four feet, or the plants and timber are arranged in piles on the ground, fresh 
quantities of timber being added, in either case, until a heap of ashes is obtained. 

The lixiviation of the ashes. — The ash is sifted from the coal and charred wood, tho- 
rougliiy moistened and filled into two rows of common 
wooden cisterns or half barrels (fg. 741), the two rows 
being arranged one above the other, with a third row 
of empty cisterns, or wells, on a still lower level. The 
cisterns have false (sieve-like) bottoms covered with 
straw, from which the lye, when suffioiontly strong, 
is drawn into the evaporating pans. The method of 
lixiviation, generally with cold, sometimes with hot 
water, is simihir to that practised in alkali-works 
The upper row of cisterns is first filled witli water O] 
the top of the ftiTuly pressed down ash, and drawi 
when the lixiviation is complete; they are thei 
refilled and the weak lye is run into the first ash 
cistern of the Sf^cond row, whence it also issues in ! 
fit state of saturation for boiling ; this system is continued in rotation, every fresl 
portion of water coming at last in contact with a fresh portion of ash. The lye in iti 
proper state of saturation should conUiin from 20 to 26 per cent, of salt. This simpl 
and most effectual method is however only one out of a great number, used in differen 
countries, for the description of which see Richardson and Watts’s Chemical Techno 
logy, i. [3] 458. 

Evaporation of the lye. — The lye, which is of a dark-brown colour, is evaporated ii 
flat iron pans, whilst the water is constantly replaced by lye of the proper strength 
until the contents of the pan become thick, and the hot lye quickly solidifies on cooling 
the whole is then evaporated to dryness with constant stirring. The crude product thii 
obtained is called, from the mode of preparation, crude potash or potashes. I 
consists mainly of carbonate of potassium, with a considerable quantity of sulphate aiK 
about 12 per cent, of water. 

In Germany the snlphate of potassium is sometimes separated by allowing it t 
crystallise out of the llquov, before boiling down. In Russia, potashes are made largely 
from wood-ashes or the ash of straw, as a duty from the peasantry to the estate-owners 
The lye is evaporated in fiat copper piins to the point of crystallisation, and the carbo 
nate of potassium deposits in brown cry stals, which are then calcined in a muffle furnace 
_ Calcination. — Crude po; 

Iftg. 742. contains water anc 

empyreumatic substancos; 
and these are destroy<'<J 
bv calcination. The cal- 
cining ftirnace is shown in 
fig. 742, and is worked in 
the same manner tw the 
carbonating furnace in the 
manufacture of alkali ; tii« 
crude potash , first covering 
the hearth in a thin layer» 
is well paddled and turnwi 
then broken down and the* 
roughly exposed to the h<» 
air, until all combustible 
matter is destroyed and the whole mass acquires a clear and bright flame-red heft> 
when a sample, after cooling, will appear quite white. Careful management w ^ 
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quired throughout tho operation to prevent the fluxing of tlie mass and to give 
the ash a bright appearance. The loss in weight by calcining the crude potash is from 
15 to 20 per cent. The calcined product, called pearl-ash, is packed while still hot, 
to prevent any absorption of moisture. The ash is often discoloured by impurities. 
In some manufactories, a muflle furnace is used instead of that above described. 

Befining of Pearl-ash. — In America the pearl-ash is sometimes redissolved, the 
liquor ^ncentrated and the less soluble salts are allowed to crystallise out ; the clear 
liquor is then evaporated to dryness with constiint stirriug ; this ash is called “salt of 
tar^.” In France the calcined pearl-ashes aro washed several times with cold water, 
which gradually takes up allthe^carbonate of potassium, and thesolution (specific grarity 
about 1*4736) is evaporated in a system of pans. The pearl-ash thus produced is of 
first-rate quality, and very much liked in commerce on account of its granular form. 

Commercial Potashes. — There is a great variety of potashes, according to the locality 
where they are made, whence they are imported, &c. — I’lie American, imported in oak 
casks via New York and Philadelphia, are reddish, sometimes gr<‘y and violet, hard) but 
very deliquescent ; there are throe kinds, containing respectively 64 to 68 per cent., 
48 to 62 per cent, and 30 to 46 per cent, of neutral carbonate of potassium, K*CO“.-— 
The white American, or pearl-ash, is granular, varying in percentage from 26 to 58 per 
cent. — The Kussian, St. Petersburg or Odessa, also called “Kasan” from being manu- 
factured near this locality, are packed in poplar casks, and contain from 50 to 62 per 
cent of pure carbonate. — Tho Eiga potashes are similar, and vary from 60 to 62 per 
cent. — The Polish {Poiassc de Paille) are denser and harder. — The Daritzig resemble 
pearl-ashes, but are more friable, and stand from 60 to 60 per cent — There are three 
qualities of the Tuscan, which are in powder, mixed with pieces of diflerent colours: 
grey of 60 per cent. ; white, harder, of 60 to 65 per cent. ; and blue of the same strength. 
— All other potashes are of a similar character ; they are never completely soluble in 
water, and sometimes leave a considerable residue. 

The following analyses give a very good idea of the composition of the various kinds 
of commercial potashes : 


I. Hermann’s Analysis of Potashes from Kasan, 
Insoluble 'portion. 


Lime .... 


. 0064 

Alumina 


. 0012 

Manganic acid 

, , 

. 0013 

Silica .... 

• • 

. 0*132—0*211 

Soluble fortvm. 


Carbonic acid • 


. 27790 

Potash . ; . . 


. 47*466 

Soda .... 


. 2730 

Sulphate of potassium . 


. 17 062 

Chloride of potassium . 


. 3*966 

Bromide of potassium . 


. trace 

Phosphate of potassium 


. 0*443 

Silica .... 


. 0*344—99789 


100000 


II. PesieFs Analyses of Commercial Potashes, 


Conitituentf. 

Tuicany. 

RuBsia. 

America. 

Vosges. 

Red. 

Pearl-* 

ashes. 

Carbonate of potassium 

Carbonate of sodium . 

Sulphate of potassium . 

Chloride of potassium . 

Insoluble matters 

Moisture . . . . 

Phosphoric acid, Hme, silica, &c . ) 
and loss • • . • ) 

74*10 

3*01 

13*47 

0*96 

0*65 

7*28 

0*64 

69*61 

3*09 

14*11 

2*09 

1*21 

8*82 

1*07 

68*07 

6*85 

16*32 

8*16 

3*36 

not esti- 
mated 

71*38 

2*31 

14*38 

3*64 

0*44 

4*66 

3*29 


100 00 

100*00 


100*00 

100*00 
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III. Bley’s Analyses of UXyrian Potashes^ 


Carbonate of potassium • • « . 

Carbonate of sodium P 

. 78*76 

. 12*60 

82*85 

12*50 

Sulphate of sodium > * * • . 

Insoluble matter . . . 

. 8*75 

4*65 


100*00 

100*00 


IV. Van Bastelaer’s Analyses of Arrmican and Bussian Potashes. 


Constituent!. 

American potashes. 

Russian 

potashes. 

• 

2 

3 

Carbonate of potassium .... 

21*47 

30*43 

12*96 

60*84 

Caustic potash 

4*46 

9*33 

21-71 


Sulphate of potassium .... 

20*08 

25*05 

23*70 

17*44 

Chloride of potassium .... 

7*66 

4-20 

7-89 

5*80 

Carbonate of sodium 

22*99 

23*90 

17*07 

12*14 

Moisture 

9*37 

3*11 

0*81 

10*18 

Insoluble matters 


3*98 

15*86 

3*60 


100*00 

100*00- 

100*00 

10000 


V. Meyer^fl Analyses of American Potashes (New York). 


Constituent!. 

Best Quality. 

First 

Quality. 

Second Quality. 

Third 

Quality. 

Carbonate of potassium 

43*68 

24*57 

66*01 

16*07 

53*16 

38*47 

Hydrate of potassium . 

49*68 

44*43 

5*61 

38*69 

4*49 


Sulphate of potassium . 

4*07 

1614 

27*70 

19*76 

21*30 

63*34 

Chloride of sodium 

1*64 

4*40 

10*49 

6*60 

5*37 

0*62 

Carbonate of sodium . 


4*27 


4-70 

14*01 

603 

Insoluble matter . 

0*72 

6*19 

0*19 

16*86 

1*69 

1*64 


99*79 

100*00 

100*00 

100*68 

100*01 

100*00 


2. Potash as a bye-prodact from the manufacture of Beet-root and Cane-sugar. 

Beet-root is a potash-plant, its ash confciining only in some few instances a large pro- 
portion of soda ; thus Boussingault found in the two kinds : 


Potash . 
Soda 


Potnsh-ash. 

. 48’9 
. 7-6 " 


100 


Soda- ash. 

=. 100 

34-2 i 


Mathieu de D o mb a si e first attempted to combine the production of sugar with the 
extraction of potash by incinerating the leaves of the beet-root ; his plan was however soon 
abandoned; about 20 years later, Bubrunfaut suggested that the uncrystallisable 
sugar in the molasses should be converted into alcohol, and the potassium-salts extracted 
from the residue. This plan, which has been adopted on a largo scale in France and 
Germany, depends on inducing a fermentation in the molasses, separating th^ alcohol 
by distillation, evaporating the residual li<^uors to dryness, calcining the solid mass, 
and treating the pure salts as described for ordinary potashes. 

Molasses . — The uncrystallisable sugar in raw beet-root sugar was found by Moinier 
to vary from 0‘12 to 3*40 per cent., but in some molasses it amounts to 90 per cent. 
Payen, Poinsot, and Brunet found 9*699 per cent, of the carbonates of potassium 
and sodium in this material. Krocker found in the mineral matter left by the incin- 
aration of the molasses : — 



K«o. 

Na*0. 

CbO. 

SOS 

8i03. 

CO*. 



Soluble 

47-88 

2*34 

• • 

1*53 

0*85 

22*39 

. . 12*92 

. 87-91 

Insoluble 

1*70 

017 

5*29 

• • 

0*22 

3*79 

0*29 0*63 . . 

_ 12-09 

100-00 
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The molaBses are diluted to a specific gravity of 1-086, and sulphuric acid is added 
to render the liquid slightly acid. This liquid is mixed with 2A per cent, of the yeast 
of beer, run into largo cisterns, exposed to a temperature of 20° C. (68° F.) and allowed 
to ferment for five pr six days. It is then distilled to separate the alcohol, amounting to 
4 or 6 per cent of the liquid. All the salts contained in the plant remain in the residue 
called y masse. 

residue is neutralised with chalk, and the Kquid is aUowed to settle. It 
is then concentrated in iron pans to a syrupy consistence (1-217 to 1*372 specific 
gravity), run into tanks to allow the sulphate of calcium to precipitate, and the dear 
brown Lquor is calcined in a reverberatoiy furnace. 

The addition of chalk to the vinasse is most beneficial to the composition of the salt 
produced, as is plainly shown in the following comparative analyses : 


Carbonate of potassium 
Carbonate of sodium 
Sulphate of potassium 
Sulphide of potassium 
Chloride of potassium 


Without lime. With lime. 
. 42 62 

. 29 30 

. 10 1 

3 

16 17 


100 100 

The potashes obtained in this process vary very much according to the districts 
where the beet-root has been grown ; they are richer where the beet-root has recently 
been introduced, than where the soil has been long cultivated and is consequendy ex- 
hausted. Those raw beet-root potashes, called “ Salin ” on the continent, contain on the 
average : — 


Sulphate of potassium, from 
Chloride of potassium, „ 
Carbonate of potassium „ 
Carbonate of sodium „ 


3 to 5 per cent. 
20 per cent. 

30 to 35 per cent. 
18 per cent. 


Jiifming of the raw crude material is lixiviated and the liquors are 

pometimes boiled down to dryness ; sometimes the strong liquors are concentrated up to 
1*473 whilst the sulphate of potassium is fished out. After cooling, a largo crop of crys- 
tals of chloride of potassium forms in the coolers. The mother-liquor is separated, 
concentrated up to specific gravity l-o65, and again run into coolers. In three or 
four days a mass of crystals is formed, consisting of a double carbonate of potassium and 
sodium. The mother-liquor, now very rich in cjirbonate of potassjum, is boiled down to 
dryness. By rodissolving and recrystallising, another double salt with less carbonate 
of potassium is formed, which is then molted in a metal pan and boiled, whereupon 
c:irl)onate of sodium with 1 at. water (Na^CO*.H=^0) separates, leaving the mother-liquor 
rich in potassium- salt. 

M. Billot subjects the vinasse to a distillation process, somewhat similar to that 
wliich Mr. Stanford has proposed for .seaweed, whereby he obtains tar, illuminating 
gas and charcoal in addition to the ash. The potash is extracted by lixiviation, with 
less loss than in the previous process, and in a state of much greater purity. (See 
Kichardson and Watts’s Chemical Technology^ i, [3] 480.) 

The aggregate quantity of potassium-salts produced from the beet-root manufacture 
in Europe must be very large, and is daily increasing. The application of these 
processes to similar waste-products in the manufacture of cane-sugar might be equally 
advantageous; a process has in fact been patented by Mr. G. Seymour for Mons. 
Leplay, for the recovery of the potash and soda from the saccharine juices of canes or 
beet-root by means of caustic baryta. 


3. Sulphate and ^arbonate of Potassium as hye-produots in the manufacture of 
Tartaric Add, 


The acid tartrate of potassium existing in grape juice being but slightly soluble 
in a mixture of alcohol and wator, is separated during fermentation as a crust on the 
sides of the casks, and called white or red crude tartar according to the wine from 
^hich it is obtained. This being dissolved in hot water, and the saturated solution 
allowed to cool, the surface is soon covered with a coating of fine crystals of the acid 
tartrate which in this state is called cream of tartar. The best kinds come from 
Italy, Spain, and France, and contain on an average from dififerent samples 82*7 per 
cent, acid tartrate of potassium, 7*6 tartrate of calcium, and 9*7 water {Technology^ i. 
[3] 484). 

These tartars when heated are decomposed, and leave a black mass called “ black 
flux;” consisting of potassium-carbonate mixed with charcoal ; when they arc deflagrated 
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with saltpetre, a white residue is obtained called ** white flux ; ” consisting mainly of 
potassium-carbonate. Both of these fluxes are extensively used in assaying metallic 
ores. The tartars were formerly heated in the open air, till the residue became white, 
and then sold as wuod-ash. 

The lees of wine, as well as the yeast, are now used for the production of carbonate 
of potassium. After the fermept^ion of the wine, the yeast or lees is collected into 
one vessel, placed in bags, and pressed; and the cakes are dried and incinerated. 
Q-reat care is required in regulating the fire properly. "J'hese ashes, in France called 
Oendrea yravdks, are of a very superior quaUty, very light, porous and white. A simi- 
lar product is obtained from the residue in the manufacture of brandy. 

In the manufacture of tartaric acid half the acid in tlic? crude tartar is neutralised 
with lime and precipitated as tartrate of calcium. The neutral tartrate of potassium 
remains in solntion, and maybe converted into chloride or sulphate of potassium, by 
means of chloride of calcium, sulphate of calcium, or dilute sulphuric acid. Mr. Gatty 
has patented a process, by which he obtains the alkali in the form of a carbonate by 
treating the solution of neutral tartrate with milk of lime, forcing carbonic acid gas at 
the same time into the liquid until it is saturated ; insoluble tartrate of calcium is 
formed, and the acid carbonate of potassium, which remains in solution, is evaporated 
and calcined in a reverberatory furnace. 

Wagner proposes to substitute carbonate of barium for the lime, and obtains thus inso- 
luble tartrate of barium and a solution of neutral tartrate of potassium, which latter 
he mixes with a solution of hydrate of barium. This mixture is boiled and cartoic 
acid passed through it, until all the baryta is precipitated, and the caustic potash is 
converted into caibonate, which is then evaporated and dried. 


II. Fkom tub Ashes of Marinb Plants. 

The value of marine plants as a source of alkali has been known from a very early 
age; the systematic production of the ash of seaweed, called “kelp” in this country, 
“varec” in Franco, is, however, at least in those islands, of comparatively recent 
oricrin. First regularly pursued in Ireland, it was introduced into Scotland by Mr. 
MTiCod about the year 1730. It was at first worked, for its contents of carbonate of 
sodium, at the time when high war duties wore levied on barilla and salt. At (ho 
beginning of the present century, the value of Highland kelp was twenty pounds pep 
ton, and the production of Scotland about this period was 20,000 tons per annum. 
When the man^acture of soda from common salt commenced, the kelp fell rapidly iu 
value, and, although the discovery of iodine in 1812 opened up a now demand for kelp, 
its production never again reached the above-named amount. Kelp and varec are now 
produced solely for their contents^of iodine and potassium-salts. 

Tables of the composition of the ash of seaweed are given in Kichardson and Watts’s 
Chemical Technology (i. [3] 601, 602), showing that the 


Potash and soda vary from 16 to 40 per cent. 

Lime „ 

3 21 

n 

Magnesia „ 

7 „ 16 

»* 

Common salt „ 

3 „ 35 

ft 

Phosphate of calcinm „ 

3 „ 10 

*» 

Sulphuric acid „ 

14 „ 31 

„ 

Silica „ 

1 „ 11 

>1 


Collection of the Seaweed and manufacture of the Kelp , — In Scotland the kelp is 
collected from June to September, and is known as “cutweed” and “driftweed.” The 
cutweed or weed cut from the rocks, is chiefly obtained in the Highlands from two 
plants cidled ''yellow-wreck” and “black- wreck,” the former of which floats in water 
when cut, and hence, being more easily managed, is more commonly used in the High- 
. lands than the other which does not float.> The weed is cut only during spring-tides, 
and it is important to dry and burn it before it suffers from rain, as otherwise it is 
apt to ferment Cutweed yields less iodine and potash than driftweed. 

In Scotland the weeds are burned in kilns on level ground, 14 to 16 feet long by 
2 feet broad, surrounded by a stone wall 8 to 10 inches high. The kiln is kindled 
with dry heath or straw, on which the dried seaweeds are placed, the laying on of the 
weed being done very carefully, so as not to allow it to burst into a flame. When this 
operation nos been in progress from six to eight hours, a portion of the end walls 
is pulled down and the porous ash is worked up and kneaded until it melts and 
runs together, and thus forms the “ floor,” a cake from 3 to 6 inches thick. The whole 
Operation is then proceeded with afresh, a second floor is formed &c. up to four and even 
m floors. The fused mass is broken up by throwing water upon it. 
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In the north-west of Ireland the kelp is chiefly made from driftweed, which comes 
in during April and May ; it is burnt in small heaps or holes, at a lower temperature, 
60 that the kelp is more porous and much richer than that from the Western Islands. 

On the west coast of France, in Normandy and Brittany, especially on the shores of 
La Manche, the driftweed” has been collectecLfrom time immemorial. When the 
we^ has been gathered or cut, it is dried, and afterwards put into stacks which stand 
until July or August, when it is burned in round or rectangular pits, which are 
protected on their sides and bottom by stones or plates. The pits are filled with dry 
weed and set on fire, fresh weed being continually added till the heat becomes so great 
as to soften and ultimately fuse tlie ashes. 

These methods however are open to all the objections pointed out some years ago by 
Heinrich Rose, as applying to the older process of incinerating plants, the chief of 
which are, that, owing to the great heat applied, volatile substances, iodine and potas- 
sium-salts for example, are to a great extent lost, and that the carbon deoxidises the 
alkaline sulphates, reducing them to sulphites, hyposulphites, and even sulphides, which 
accumulate in the motherdiquor and require a large quantity of sulphuric acid to re- 
convert them into sulphates. 

To obviate these obiections, various plans have been proposed, consisting chiefly in 
charring the weeds only slightly before lixiviating, or in subjecting them to a distilla- 
tion-process, whereby tar and illuminating gas are obtained, together with a residue of 
charcoal. This when lixiviated, yields a solution containing the soluble mineral con- 
stituents of the seaweed, which are thus obtained with much less loss than by the 
ordinary process. (See Seaweed.) 

Composition of the Kelp and Varec. — The dilferences in the kelp and varec from 
different localities are very great; not so much however when manufactured at the same 
place, as the great difference in the composition of the ash of the seaweeds, even of 
the same species, might lead one to expect. According to Golfier-Bessoyre’s analyses 
of French varec, the sulphate of potassium varies from 11 to 44 per cent., and 
in one case fell as low as 2 per cent. ; the chloride of potassium from 12 to per 
cent, and in one instance it was only 0*36 per cent.; the sulphate of sodium from 
Oto 35 per cent; the carbonate of sodium from nil to 17 per cent; and tho 
chloride of sodium from 9 to 70 per cent. 

Extradtion of the Salts. — The separation of the throe principal salts contained ih 
kelp, viz. , the chloride and sulphate of potassium and tho chloride of sodium, is based 
on tho following facts: — 1st That common salt is nearly as soluble in cold as in hot 
water; 2nd. That chloride of potassium is more soluble in hot than in cold water; and 
3rd. That sulphate of potassium is only slightly soluble in cold water. 

The following table exhibits the solubilities of these three salts at 12?-® and 100® C. 
(64® and 212® F.). 


Quantities dissoWed by 100 pts. of water 


Salts. 


at 12$° C. 


at 100° C. 


Sulphate of potassium . 
Chloride of potassium . 
Chloride of sodium 


10-6 

320 

36’5 


270 

69-4 

40-0 


It must not, however, be forgotten that the first solutions of the potassium-chloride 
render the sulphate less soluble, whereas the sodium-chloride renders the potassium- 
sulphate more soluble in tho second lye than in pure water. 

In Scotland, the kelp broken into small pieces, is thrown into large cast-iron vats 
containing filters made of straw, dried seaweed, or small stones, and connected by 
pipes, so that the liquid may flow from one to the other. Water is poured into the 
first vat, filters through into the second, and so on, becoming continually more charged 
with the salts, and when saturated is made to flow into an underground receiver, whence 
it is run or pumped into the boiling-pans. When the liquor in a tank falls to 6® 
Twaddell, it is run off, and tlie tank is refilled with fresh kelp. At first the liquors 
stand at 60® T., but by the time the last vat is saturated, they fall to 36® T., below 
which strength no liquors are evaporated. The filters are renewed at every fifth 
operation. The exhausted mass, still containing some kelp, is sold to bottle manu- 

^IheTelp-liquor, from 36® to 60® T., is evaporated in iron pans, and boiled down to 
60® T. ; the salt, which falls in great qmmtities during the evaporation of the liquid, 
is an impure sulphate of potassium; it is regularly fished out, and thrown into a 
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wooden Teasel, with a perforated bottom. The liquor of 60° T. is allowed to settle and 
run off into a cooler, where the chloride of potassium crystallises out. Those crystals 
are thrown into a basket, and allowed to drain. The mother-liquor is boiled up 
to 68° T., when sulphate, chloride, and carbonate of sodium salt out, and are drained 
in the same way as before. The li^or is allowed to cool again, and another crop of 
chloride of potassium is obtained. %he mother-liquors are then run off, treated as 
before, and boiled up to 74° T., during which operation the same sodium-salts separate, 
and are fished out ; the liquor again run into coolers, furnishes a third crop of chloride 
of potassium. During the evaporation of the first liquor, the pan is occasionally fed with 
small quantities of kelp-liquor, but during the boiling of the second and third liquors, 
nothing but the corresponding mother-liquors are supplied. The salts separating 
during the boiling of the second and third mother-liquors are sold as kelp-salts, and 
contain on an average from 9 to 14 per cent, of alkali ; they vary very much in 
composition, as the following analyses prove : 


Analyses of Kelp-salts (Eichardson). 


Salts. 

1. 

2. 

3. 

4. 

Carbonate of sodium .... 

1-08 

6*23 

16*04 

23-68 

Chloride of sodium .... 

80*66 

69*97 


41*17 

Sulphate of sodium .... 

10*03 

4-70 

16*27 

17*91 

Sulphate of potassium .... 

7*47 

10*43 

traces 

trace 

Chloride of magnesium .... 

Insoluble matters 

Water 

1*60 

8*60 

4*74 

18*00 


100*83 

99*83 

99-74 

100*76 


The first crystallisation yields about 86 to 90 per cent., the second and third, 96 to 
98 per cent, of pure chloride of potassium, whilst the fourth contains some sulphate of 
sodium. • 

In France tho varec is sometimes ground, and the lixiviation is conducted in wooden 
tanks, with false (perforated) bottoms, in such a manner that the chlorides of potassium 
and sodium are first extracted, whilst the sulphate of potassium is obtained in the second 
lye. Fresh water or weak lye is run on tho fresh kelp, and thence ovtT kelp which 
has already been treated with water, &c., &c., until the density reaches 1*12 to 1'16. 
These lyes contain large quantities of the chlorides of potassium and sodium, wliereas 
the sulphate of potassium is present only in small proportion. The residue is now 
treated similarly, until tho lyes stand at 3 ’06, and contain principally sulphate of 
potassium. 

The lye containing the alkaline chlorides, is concentrated up to 1*333 ; and tho 
chloride of sodium deposited is fished out, and thrown into wooden hoppers above the 
pan. The salt thus obtained contains chloride and even sulphate of potassium ; to re- 
move these, it is thrown into wooden boxes with false bottoms, and whilst the lyo from 
a previous operation is run upon it, a jet of steam is admitted below tho false bottom ; 
the whole mass is stirred, allowed to settle, and the liquor is drawn off. This operation 
is repeated until the solution stands at 1*27, when it is run off, and employed as above 
mentioned for another portion of salt. The potassium-salts are thus almost entirely 
removed, and the pure sodium-chloride is drained and gently dried. 

To separate the chloride of potassium, tho lye, free from common salt, and 
standing at 1*33, is drawn into coolers, where the chloride of potassium crystallises out, 
the motheT-liquor retaining iodide of potassium in solution. 

The sulphateof potassium is obtained from the second washings of the varcc, 
as previously explained. When the lye is evaporated in flat iron pans, the sulphate 
separates in small crystals, which are drained, washed with lye, and then with cold 
water. 

The sulphate and chloride of potassium thus obtained may be converted into 
nitrate by decomposing them with an equivalent quantity of nitrate of sodium 
(p. 100). 

IIL From Sea-watbb, Bbdtb-spbikgs, and Salt-beds, 

1. From Sea-water, 

Potassium occurs in sea-water as chloride and sulphate to the average amount of 
0*267 pt. in 1,000. The extraction of these salts from sea-water has been carried on 
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in the south of Franco for the last ten years by a process devised by B al a rd depending 
upon the natural advantages of the climate, namely a powerful summer’s sun* and a 
sufficient difference of temperature between day and night. The sea-water is first left to 
evaporate during the summer, in shallow ponds or ** salt-gardens,” whereby a con- 
siderable quantity of common salt is obtained, mixed towards the last with sulphate of 
magnesium (see Sodium, Chlokide of). The mother-liquor having a density of 31° B 
M also passed into a series of shallow ponds, whereby another crop of common salt 
is obtained during the day, and during the night a mixture of sulphate of magnesium 
with a double sulphate of magnesium and potassium. The mother-liquors from these 
salts are run into other ponds, whore another crop of crystals is obtained, consisting 
chiefly of a double chloride of potassium and magnesium, which when dissolved in 
water heated by steam yields chloride of potassium on cooling (p. 718). 

The mixed magnosic and potassio-magnesic sulphates are redissolvcd and evaporated, 
whereby the double salt, is obtained, which is used in the manufac- 

ture of alum, and for the production of carbonate of potassium by Leblanc’s process. 
The mother-liquor, conttiiuing only the Epsom-salts, is worked up in winter, (See 
Sulphates.) 

The salt-works of Baynas, covering a surface of about 370 acres, yield 

200,000 cwts. of common salt. 

1.200.000 cubic feet of mother-liquors at 31° B. 

20 000 cwts of ( crystallised sulphate of magnesium* 

summer salts. q qqq of double-salts of |sodium. 

(magnesium. 

1.400.000 cubic feet of mother-liquors yielding in winter 90,000 cwts. of 
sulphate of sodium. 

The produce just described is, however, attended with certain inconveniences, tho 
chief of wliicli arc tho loss of saline products by infiltration during the long sojourn 
of the concentrated liquids in the salt-gardens, and the rodilution of those liquids by 
rain, These inconveniences are entirely obviated in tlio improved pi’ocess of M. 
Merle, which consists in salting dotim the concentrated sca-tvater hg artificial refri- 
geration. For this purpose tho sea-water, after being concentrated in the salt-gardens 
to 1’24 specific gravity (28° B.) — at which degree of concmitration it deposits about Jth 
of tho sodium-cIilorid(3 contained in it— is diluted with about 10 percent, of pure water 
(to prevent too rapid deposition of sodium-cliloride in the next stage of tho process), 
and passed througli a series of refrigerators coustmeted on Carre’s principle (Heat, 
iii. 98), in which tho sulphate of magnesium and chloride of sodium are converted by 
mutual decomposition into chloride of magnosiuTn and sulphate of sodium, tho latter 
of which separates out. The mother-liquor still containing a considerable quantity of 
sodium-chloride is thou run into boilers, where it is boiled down to 1’331 specific 
gravity (36° B.), and deposits nearly.tho whole of the sodium-chloride. The remaining 
mother-liquor containing tho chlorides of potassium and magnesium, is passed into 
shallow coolers, where it deposits magnesio-potassic chloride, and from this the chlorido 
of potassium is extracted by a process similar to that described on tho next page. 

2. Brine-springs. 

The potash contained in these springs has not as yet been extracted on a manufac • 
tu ring scale. Margueritte effects it by passing a current of hydrochloric acid gas 
through the mother-liquor left after the separation of the common salt. The whole 
of the potassium, whether it exists in the solution as magnesio-potassic chloride, or as 
sulphate, is then precipitated in tho form of chloride. Tho pHs.sage of tho gas is 
facilitated by keeping the liquid in constant agitation (see Technology^ i. [3] 546). The 
method is likewise applicable to tho prepjiration of potassium-chloride from tho mother- 
liquor of sea-water, salt-marshes, &c. 

The potassium may also bo separated from such liquids by taking advantage of tho 
action of lime on sulphate of magnesium, whereby tho latter is converted into nearly 
insoluble sulphate of calcium. A milk of lime prepared with a strong solution of salt 
is added to the mother-liquor of salt-works, in sufficient quantity to decompose the 
sulphate of magnesium. The whole is boiled and allowed to settle ; and the common salt 
is left to separate from the liquor in tho usual salting pans, until the chloride of potas- 
sium begins to appear, when a small quantity of chloride of sodium and chlorido of 
potassium crystallises out as the liquor cools. When the temperature falls to 140° — 
160° F., the liquor is run off into another cooler, where the chloride of potassium 
crystallises. 
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8 . Preparation of Potassiwm-cKtoride from the Salt-beds of Stasefurth. 

The occurrence of a deposit of magnesio-potassic chloride above the rock-salt of Stass- 
forth near Magdeburg, has been already mentioned (p. 607). The saline deposit, which 
is of great extent and thickness, is situated partly in me Prussian territory, partly in the 
Duchy of Anhalt To the north of the town of Stassfurth, the saline deposits over- 
lying the pure rock-salt have a thickness of 187 metres and may be divided into four 
principal layers, the limits of which are however not very well defined : 1. Immediately 
above the pure rock-salt is a bed 107 metres thick composed of layers of chloride of 
sodium interspersed with thin veins of anhydrite, CaSO*. — 2. Above this is a similar 
bed 31 ‘6 metres thick, in which the anhydrite is replaced byjpo^yArtfeYc,K*Ca*Mff(SO^)\ 
2H*0 : in this bed also the chloride of sodium begins to be interspersed with small 
quantities of magnesio-potassic chloride. — 3. Kieserite bed, 28 metres thick, consisting 
of layers of kieserite MgSOMI^O, alternating with layers of magnesio-potassic chloride, 
the proportion of kieserite being greatest in the upper part. The average composition 
of this bed is 65 per cent, chloride of sodium, 17 kieserite, 16 magnesio-potassic 
chloride, and 2 anhydrite. 

4. Carncdlite bed, 20*5 metres thick, containing large quantities of carnallito 
2KCl.MgCP.l2n*0, especially in the upper part, alternating with rock-salt and kieser- 
ite. Its average composition is 65 per cent, cariiallite, 25 rock-salt, 16 kieserite, and 
4 hydrated chloride of magnesium. It contains also a few thin veins of tachydrite, 
GaCI*.2MgCP.12H^O, ofay/eiweor pure chloride of potassium, and tuberosities of boradte, 
3Mg0.B*0*, often enclosing nodules of camallite or tachydrite. All the salts com- 
posing this bed are very deliquescent. 

The composition of these beds, the most soluble salts occupying for the most part 
the highest positions, leads to the supposition that they have been deposited by the 
gradual drying up of an inland sea or salt-water lake ; but their great thickness, and 
the occasional occurrence of veins of the less soluble in the midst of the more soluble 
salts, render it necessary to suppose that the waters of the lake wore continually 
renewed, either by the products of the solution of neighbouring saline deposits, or by 
the waters of the ocean which formerly covered the plains of Northern G('rn>any. 

The percentage composi tion of pure camallite and that of two specimens from Stassfurth 
as determined by analysis — a, by Ilammelsberg (Pogg. Ann. xciv. 508); b, by 
Oeston(i5iV?. xcviii. 161) — is given in the following table ; also the average composition 
of the potash-salt ” supplied to the works for the extraction of chloride of potassium. 


Chloride of potassium 


Calculated. Analyses, Average com- 

s — — . position of 

2KCl.MgC12.12H30 a. b. putush-salt." 

, 26'88 27-44 24*27 16 

Chloride of magnesium . 

. 

. 34*20 

35*03 

30-98 

20 

Chloride of sodium 

, 

. ... 


4*82 

25 

Chloride of calcium 

Sulphate of calcium (anhydrite) 
Sulphate of magnesium . 

• • • 


2*82 

1*06 

10 

Ferric oxide, &c. . 

Water .... 

• 

. 38*92 

i6o-od 

37-53 

ioo*oo 

0*14 ( 
35*92^ 

fod'do' 

29 

100 


The preparation of chloride of potassium from the potash-salt ” depends upon tlie 
fact that camallite forms only in solutions containing excess of chloride of magnesium, 
in that when the salt is dissolved in hot water, and the solution is left to cool, no double 
salt separates, but the more soluble chloride of magnesium remains in solution, 
while part of the chloride of potassium crystallises out. The mother-liquors are then 
further treated for the recovery of the remaining quantity. 

The ** potash-salt” is first dissolved in cold water; the solution is heated by a steam 
pipe conveying steam at 120°, and continually stirred by revolving arms, to facilitate 
solution ; and the liquid, after standing for ten hours, is decanted from the insoluble 
matter. The dear solution marking 32° B. is completely saturated with chloride of 
potassium and chloride of magnesium, and contains also small quantities of chloride 
of sodium and sulphate of magnesium. Jtis transferred to a series of crystallising vessels 
in which crystals are deposited containing from 60 to 70 per cent, chloride of potas- 
sium, a charge of 20,000 kilogrammes of “potash-salt ” yielding from 16,000 to 17,000 
kilogrammes of this impure chloride of potassium. The crystals are washed with 
water to remove the adhering mother-liquor and the chloride of magnesium, after which 
they contain 80 per cent chloride of potassium. 

The mother-liquors together with the wa.Mh-waters are concentrated to 36° 
CbJoride of sodium is then deposited while chloride of magnesium and chloride of 
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potasRiiim remain in solution, and as the former is in excess, the solution on cooling 
deposits ciystals of artificial carnaUite, which are treated in the same manner as the 
original potash-salt. 

The salt deposited during the concentration of the above-mentioned mother-liquors 
contains 65 per cent, chloride of sodium, 30 per cent, magnesio-potassic sulphate, 
K*Mg"(SO*)* 6H*0, and from 3 to 6 per cent, chloride of potassium. By washing it 
on cloth filters, about half the chloride of potassium is removed, and the wash-waters 
are used to dissolve a fresh portion of the “ potash-salt.” 

The mother-liquors remaining .after the deposition of the artificial carnallite contain 
30*2 per cent, chloride of magnesium, 2-5 per cent, sulphate of magnesium, 0*2 chloride 
of sodium, 2*3 chloride of potassium. They were formerly thrown away, but are now 
used for the preparation of magnesium-salts. 

The chloride of potassium sent into the market from the Douglas works at Stassfurth 
contains 82*00 per cent, pure chloride of potassium, 15*50 chloride of sodium, 0*50 
sulphate of potassium, 0*60 sulphate of magnesium and 1*20 water. The last of these 
impurities is the most injurious in the several applications of the salt. 

Other potassium-salts are also prepared at Stassfurth. — 1. The chloride is converted 
into sulphate by double decomposition with sulphate of magnesium; but the mode 
of conducting the process is kept secret. 

2. The sulphate is converted into carbonate of potassium by a process analo- 
gous to that of Leblanc for the manufacture of sodic carbonate (i. 792); but this branch 
of the manufacture has hitherto been carried out only on a small scale. 

3. Saltpetre is prepared from the chloride of potassium by double decomposition 
with nitrate of sodium (see Nitrates, p. 100). (For further details see Joulin, 
Bull. Soc. Chim. 1865, i. 323, 401.) 

The residue left on dissolving the crude potash-salt in water (p. 718) consists of 
20 to 30 per cent, kioserite, Mg"SOMl*0, 60 to 75 chloride of sodium, and 10 to 16 
per cent insoluble substances. It is used for the manufacture of sulphate of sodium. 
(See Sulphates.) 


IV. From Felspar and other Silicates. 

Fuchs was the first to attempt the extraction of potash from the felspars and micas 
by calcining them with lime, and then lixiviating the frit. Numerous processes Imve 
been published since. 

1. Toobtain the alkali as hydrate or carbonate of potassium, Lawrence heats 
the mineral, throws it into water, and grinds it to a fine powder, which is mixed with 
damp sawdust, piled up in heaps, with alternate layers of straw, and watered now and 
then with urine or other nitrogenous liquids. These heaps are allowed to ferment 
during six months, then mixed with thittk cre.am of lime, and made into bricks which 
are calcined at a high temperature. On lixiviation, the potash dissolves, whilst the 
silicate of calcium remains bf:hiiid as residue. 

In Hack’s and Moyer’s processes, which are similar to each other, an intimate mix- 
ture of 100 pts. of felspar and from 139 to 188 pts. of lime is heated for some hours 
at a temperature between a bright red and white heat, then ground to powder, and boiled 
from two to four hours under a pressure of eight atmospheres ; a caustic lye free from 
lime and containing all the soda and from 9 to 11 per cent, of potash (of the weight of 
the mineral) is thus obtained. This lyo is saturated with carbonic acid and evaporated, 
during which alumina and silica are first precipitated, after which the carbonate of 
sodium salts out, leaving the carbonate of potassium in solution. ^ _ 

F. O. Ward uses fluor-spar together with lime, and when the residue is to be 
employed in the manufacture of cement, adds a clay rich in alumina. The proportion 
of fluoride of calcium he recommends to be about 7 or 8 per cent, of the mixture, which 
is then calcined in a reverberatory furnace at a bright red heat, after which the mass 
is lixiviated in the usual manner; the liquor is boiled down, freed from the silica 
(about 25 per cent.) which precipitates on treating the liquid with carbonic acid, 
leaving carbonate of potassium in solution. , m-i u 

2. To obtain the alkali as sulphate or chloride of potassium, Tilghman 
mixes 2 pts. of felspar (containing 16 per cent, potash) with 1 pt. of lime and 1 pt. 
of sulphate of calcium or barium ; grinds the whole to a fine powder ; and heats the 
intimate mixture to bright redness for about eight hours, without fusion of the mass. 
The atmosphere of the furnace has to be carefully preserved in an oxidising condition 
by the admission of a sufficient quantity of air. The mass is then repeatedly lixiviated 
with hot water, and the solution of sulphate of potassium is evaporated (the sulnhate 
of calcium or barium which deposits, being continually removed). • To obtain chloride 
of potassium, ground potash -felspar and the chloride of either sodium, calcium or iron 
is heated for about six hours to bright redness in an iron cylinder, the heat being so 
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regulated as to be above the melting point of the chloride employed, but below that of 
the felspar; the charge is raked into an iron vessel and immediatfdy covered, until 
quite cool ; the mass is then lixiviated, and the chloride of potassium obtained from 
the solution in the usual manner. 

3. To obtain the alkali as potash-alum, Sprengel mixed the finely-ground mineral 
with strong sulphuric acid to the consistency of a thin paste, and left it thus for two 
months ; on lixiviating the mass with a large quantity of water and evaporation a 
pure alum of the usual crystalline form was obtained. Turner employed snlphate 
of potassium instead of sulphuric acid, and mixed the ground felspar with its own 
weight of the snlphate. This mixture was thrown on the white-hot, inclined bed of 
a reverberatory furnace, and to the glass, which forms and flows to the sock of the 
furnace, carbonate of potassium, oqu^ in weight to the sulphate used, was gradually 
added. This operation was repeated until the sock of the furnace was filled with glass. 
On boiling this glass with water, two-thirds of the silica in the felspar, in combination 
with part of the potash, was dissolved, and a porous mass was left, which, when boiled 
with dilute sulphuric acid of specific gravity 1*20 in le.aden pans (160 lbs. of dry acid to 
every 285 lbs. of felspar), yielded a solution, which when concentrated, produced crystals 
of alum. To obtain carbonate of potassium from the above silicate of potassium 
liquors, they are treated with carbonic acid to precipitate the silica ; to obtain caustic 
potash the same liquors are filtered tlirough a bed of lime, which retains the silica. 

None of these processes have however yet been carried out on the manufacturing scale; 
so that hitherto the immense stores of potash in the alkaliforous rocks have been only 
indirectly available for the purposes of industry, namely through the medium of plants, 
which extract the potash from the soil. Mr. Ward’s process, called the “ calcifltioric 
attack,” seems however to hold out the best promise of success. The addition of 
fluor-spar greatly facilitates tne decomposition of the silicate, and enables it to be 
effected at a temperature lo^er than would be necessary if lime alone were used ; 
moreover the process yields the alkali at once in the caustic or carbonated state, 
whereas in most of the other processes in which an acid material has been added to 
facilitate tho decomposition, the alkali bas remained in combination with the acid, re- 
quiring a subsequent process of separation. 

V. Potash from Wool. 

It is well known that sheep draw from the land on which they graze a considerable 
quantity of potash, which, after circulating in their blood, is excreted from the skin 
with the sweat. Chevreul pointed out that this peculiar compound, which the Freneli 
call ** suint,” forms no less than a third of raw merino wool, from which it may bo 
readily dissolved out by simple immersion in cold water. In ordinary wool it is less 
abundant, and according to MM. Maumene andRogelet, the potassic sudorato or sniut 
of ordinary wool forms on the average about 14 per cent, of the raw fleece. This 
compound is not a soap, as was formerly supposed, tho grease of the wool (about 8^ per 
cent.) being in fact combined with earthy matter, chiefly lime, as an insoluble soap. 
The soluble sudorate is, according to Maumene and Rogelot, tho potassium-salt of a 
peculiar animal acid containing nitrogen. 

Maumen6 and Rogelet recover the potash from this compound on a manufacturing 
scale. The wool is placed in casks, pressed down as much as possible, and cold water 
is poured over it. No greasy particles escape with tho brown solution, and all sand, 
&c. is retained by the wool, which acts like a filter. The solutions (of specific gravity 
1*10) are boiled down to dryness; the sudorate, which has the appearance of baked 
molasses, is broken into lumps and calcined in retorts. The residue is lixiviated, and 
the liquors boiled up to 30° and even 50° B. The chloride and sulphate of potassium 
crystallise out on cooling, and the mother-liquor, when boiled down to dryness, yields 
carbonate of potassium, free from soda. 

The production is generally 140 to 180 lbs. of dry sudorate of potassium, or 70 to 90 
lbs. of pure carbonate, and 6 to 6 lbs. of sulphate and chloride of potassium from 
every 1,000 lbs. of raw wool. (See Hofmann’s Beport on the Chemical Brodvets in 
the International Exhibition of 1862, p. 42.) T. R- 

POTATOa SoUmum tuberosum. — ^Potatoes (the tubers) contain, according to 
Henneberg, Ann. Ch. Pharm. Ixix. 336), 0-34 per cent, nitrogen, and 75*80 jwr cent, 
water. A wnit« variety analysed byGrouven (Jahresb. 1857, p. 620) exhibited the 
following composition : a, when grown with mineral manure ; 5, with ma|^ure rich in 
nitrogen. 



mter. 

Starch. 

Protein Gum. 

lubfttance. Dextrin. 

Sugar. 

Fat. 

Extractive.. Cellu- 

Ash. 





matter. : lose. 



76*40 

14*91 

2-17 2*34 

0*16 

0*29 

1*70 

^0*99 

1-00 

b. 

75*20 

16*68 

3*60 1*29 

1*11 

0*31 

1*99 

1*03 

0*90 
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According to J. «T. Pohl (Wien. Akad. Bor. Tiii. 42; Jahresb. 1852, p. 811), the 
percentage of dry substance and of starch in potatoes varies with their specific gravity 
as follows : — 


Specific 

Dry substance 

Starch in 

Specific 

Dry substance 

Starch In 

gravity. 

in 100 pts. rv 

100 pts. 

gravity. 

in 100 pts. 

100 pts. 

1*090 

23*84 

16-38 

1-106 

27*54 

20*06 

1*091 

2409 

16-81 

1-107 

27*97 

20*45 

1*093 

24-57 

17-11 

1-108 

28*10 

20*69 

1*094 

24-98 

17*52 

1*110 

28-99 

21*32 

1*099 

25-93 

18*43 

1*116 

29-50 

21*95 

1*101 

26-45 

18-98 

1*123 

31-64 

2414 


See also Liidersdorff (Dingl. pol. J. Ixv. 48), and Von Balling {Gdhrungscficmie, 
ii. 64, and Suppl., p. 43 ; also A. Vogel (Chem. Centr. 1862, p. 334). 

A ready method of determining the average specific gravity of a samido of potatoes 
is to throw a number of them (6— 12) into a strong solution of common salt, and dilute 
the liquid with water till some of them sink in it, while others float. The dilute salt- 
solution has then the mean specific gravity of the sample, which may accordingly be 
determined by the hydrometer, (Fresenius and Fr. Schulze, J. pr. Chem. li. 
436.) 

On the nutritive value of potatoes, as compared with the tubers of other plants, so© 
i. 350, 844 ; ii. 710. 


Ash of Potato-tuhera (T. J. Herapath, Chem. Soc. Qu. J. ii. 4). 



“ White 
apple.** 

“ Prince’s 
beauty.** 

•* Ax bridge 
kidney.’* 

“ Maggie.” 

” Forty- 
fold.'^’ 

Ash in 100 pts. of the pl^iit 

Aah-constituonts ; 

A. Soluble: 

Carbonic anhydride . 

Sulphuric anhydride . 

Phosphoric anhydride 

Potash 

S(jda ...... 

Chloride of sodium . 

1*30 

4-82 

106 

3*63 

^ 1-27 
4-36 

1-09 

3-46 

0-88 

3-97 

21*06 

2*77 

5*72 

63-47 

trace 

trace 

16-67 

4*94 

8*92 

64-17 

trace 

trace 

21-40 

3-24 

3-77 

5661 

trace 

trace 

18-16 

6-60 

6-67 

55-73 

trace 

trace 

13-33 

6-78 

11*43 

63-03 

trace 

2-09 

B, Insoluble: 

Calcic carbonate 
jVTagnesic carbonate . 

Calcic sulphate .... 
Tricalcic phosphate . . . | 

Trimagnesic phosphate . . 

Basic ferric phosphate 

Silica 

0*84 

3-53 

trace 

3*36 

9-25 

trace 

trace 

2*06 

0*27 

trace 

0*68 

12*30 

trace 

trace 

3-02 

1-26 

0-12 

3-83 

7-55 

006 

0-12 

1- 95 

2- 56 
trace 

5-37 

3- 54 
trace 
trace 

2-29 

0-57 

trace 

2-86 

702 

trace 

trace 


100-00 

100-00 

99-98 

99-58 

100*00 

Soluble in water, per cent. 
Insoluble „ „ 

83*02 

16*98 

84-70 

16-30 

84-02 

16-96 

86-16 

13-42 

86*66 

13-34 


See also analyses by G. F. Walz (Jahresb. 1850 Table C. to p 6G1). a com- 

parison of the ash of healthy and diseasedpotatoes : Grie pen kcrl( Ann. Ui. 1 harm. 

Ixix. 364; Jahresb. 1849, p. 685); also G. Kemp (Chem. pp. 69; 

The following table exhibits the amount and composition ot the ash ot the steins ana 
tubers of the potato, as determined by W ay and O get on (Jo^nal of the Koyal Agri- 
cultural Society, xi. [2] 629 ; Jahresb. 1850, Table C to p 661); also of t he tubers by 
J. Moser (J. pr. Chem. Ixi. 321; Jahresb. 1853, p. 680), and by Schulz-F le^oth 
(Pogg. Ann. xcii. 266 ; Jahresb. 1 854, p. 665) ; also by the latter, of the peel cut from 
boiled potatoes ; of the residue (impure cellulose) obtained by washing the finely -ground 
potato^ on a siive with water ; and of the dried .luice obtained by washing the pmnd 
tubers with wate»k filtering quickly, heating the liquid to coagulate the albumin, 
separating the cleSt* juice therefrom, and evaporating. 

VoL. IV. 3 ^ 




Comjposition {in 100 fts.) of the Ash of Potato-Stems and Tuhers, 
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'* I. Stehs. 

Of flowering plants • . • 

Of plants after flowering • 

n. Tubers. 

Common round white : — 

From flowering plants . * 

From plants after flowering 

From withered plants 

Potatoes from Lombardy 

IP „ . . . 

' Round yellow 

Light red 

Blue 

Dark red 

Long yellow 

Long red 

Round white 

III. Peel. 

Of light red potatoes . . . 

Of blue potatoes .... 

Of round white potatoes 

IV. IurruRB Cellulose.* 

From round yellow potatoes . 

From light r^ potatoes . 

From long red potatoes . 

From round white potatoes . . 

V. Dried Juicr. 

From round yellow potatoes . 

CFrom light red poUtoes . 

■aa^sflo Pu* 'iaiOBL *i()aaij>tini{3s 
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From experiments made by Nagel i and Zoller on the growth of potatoes, Liebig 
(Ann. Ch. Pharm. cxxix. 287) concludes that in a soil containing the average amount of 
nitrogen, ammonia may be dispensed with as a constituent of the manure for potatoes, 
without impairing the crop ; that for a soil rich in potash, the addition of phosphates 
is absolutely necessary, and in a soil poor in potash (but containing a sufficiency of 
phosphoric acid) the addition of wood-jish is essential in order to ensure an increased 
production of the tubers. These experiments also sliowod that when potatoes are grown 
under otherwise equal circumstances, in peat, eitlier in its natural state or manured 
with phosphoric acid and ammonia, two-thirds of them became putrid, whereas 
those grown in peat mixed witli alkaline phosphates, carbonate of potassium, and 
gypsum were perfectly free from disease. 

• The juice of potatoes contains asparagin and malic acid (Hirsch, Ann. Ch. Pharm. 
li. 246; Ludwig, Arch. Pharm. [21 evii. 10; Jahresb. 1861, p. 740). The aqueous 
extract of the tubers contains a glucoside soluble in alcohol. (Ludwig.) 

On the potato-disease, see Jahmsb. 1847 — 48, p. 1105; 1849, p. 704 ; 1850, p. 642. 

POTATO-FAT. Fresli potatoes contain, on the average, 0*73 per cent, of fat 
extractable by ether, about half that quantity, but of different constitution, existing in 
the peel. When tlie juice of bruised potatoes, from which the starch has settled 
down, is heated to boiling, albumin and fat separate out, and the latter may bo 
extracted by etlier. Peeled potatoes thus treated, yield a comparatively light -coloured 
solid fat: unpeelcd potatoes a dark liquid fat. By evaporating tho ethereal solution, 
there are obtained from peeled potatoes: a. White, slender, stellate needles, which turn 
brown at 270°, without melting, are not saponifiable, resemble suberin, and contain, 
on the average, 71 ‘34 pe»* cent. C, 10*8 II, and 15*58 O. 

6. The mother-liquor leaves when evaporated a yellow buttery fat, consisting of a 
mixture of fatty acids, frf^e from glyceri<les, and easily^luble in aqueous carbonate of 
sodium. This fill mclis at 42*5°, contains between 70*5ignd ^‘8 percent. C, 10*7 and 
11*7 II, and alters quickly in contact with the air. Hyl saponification, decomposition 
with hydrochloric acid, and solution in aqueous alcohol, it yields crystals of fatty acids 
molting at 52°. On dissolving these in alcohol, and mixing the solution with a small 
quantity of neutral acetate of lead, thin lamiii® crystallise on cooling, from which an 
acid njclting at 50° may be separated. The mother-liquor mixed with a large quantity 
of neutral acetate of lead, yields the lead-salt of an acid molting at 68°. The acid 
molting at 60°, Eichhorn’s solanoatearic addy is difficult to crystallise ; its silver-salt 
contains 61*06 per cent. C, 8*86 H, 6*98 O, and 33*11 Ag'-'O, agreeing approximately 
with the formula C‘^4P®AgO* This, or a similarly constituted acid (73*79 percent. 
C, 12*62 H, and 74*63 C, 13*09 H), is likfiwise obtained by the distillation of potato- 
fat. It is, according to Heintz, a mixture of palmitic and rnyristic acids. 

c, Unpetded potatoes, cut in slices, dried at 100°, pulverised and exhausted with 
alcohol, yield, after evaporation of the alcohol, an extract, from which ether dissolves 
a brown syrupy fat. On dissolving this in potash-ley, separating it out again with 
acid, and mixing it in alcoholic solution with ammonia and chloride of barium, barium- 
salts of the above-mentioned solid fatty acids are precipitated, while Eichhorn’s solan- 
oleic acid remains di.ssolved, and may be obtained by evaporation as a viscid barium- 
salt, from udiich alcoholic hydrochloric acid separates the acid still coloured brown. 
This solanoleic acid is not converted into elaidic acid by nitrous acid, and is but par- 
tially, or not at all, precipitated from it.s alcoholic solution by alcoholic neutral acetate 
of lead It occurs also, though in smaller quantity, in tho fat of peeled potatoes. 
(Eichhorn, Pogg. Ann. Ixxxvii. 227.) 

POTATO rV8SXt-OZ3^. See Fusel-oil (ii. 753). 

POTSTOXTB or Lairis olhiris. A terra applied to the coarser granular varieties of 
steatite, of dark colour, and mt)re or less impure. 

POTTBR’S CXiAT. See Clay (i. 1024). 

POTTBHT. See Urds Dictionary of Arts, Manufactures and Mines (iii. 
485—509). 

POlTSrXA. Syn. with Bouax. 

Ppi^AtZTB. A blackisli-n’d colouring matter contained in the sediment ol 
old wines. It is insoluble in water, soluble in strong sulphuric acid, and is precipitated 
therefrom on addition of water; soluble in 160 pts. of alcohol of 80 per cent. ; less 
soluble in stronger alcohol, quite insoluble in ether. (B at i Hi at, TraitS sur les Vins 
de la France.) 

POWBSS. See Gunpowdek. 

POWBSR OP A&GAROTH. Precipitated oxychloride of antimony (i. 327). 

3 A 2 



724 


POZZUOLANA— PREHNITE. 


POZZVOXiAXrAt Pozzolana, Puzzolana . — volcanic product occurring neap 
I*ozzuoli between Romo and Naples; also in other countries in the neighbourhood of 
extinct volcanoes, in the Auvergne district for example. It is a grey or yellowish- 
brown mass, having a fine-grained or earthy fracture, and forms one of the best 
materials for mixing with lime for the preparation of hydraulic mortar, for which pur- 
posG it was used by the Romans. The Italian pozzuolana contains, according to Ber- 
thier, 44 5 per cent, silica, 15-0 alumina, 8*8 lime, 4*7 magnesia, 12*0 ferric oxide 
1*4 potash, 4*1 soda and 9 5 water. * 

PRASE. A leek-green variety of massive quartz. 

PRASEOCOSAZiT. When dry roseo-cobaltic sulphate (i. 1053) is slowly heated 
to the melting point of lead, till it acquires a purple-lilac colour, the residue then 
dissolved in hot water, and the purple-red solution mixed with excess of hydrochloric 
acid, an orange-coloured precipitate is formed containing luteo-cobaltic sulphate and 
chloride, while the supernatant liquid contains luteo-cobaltic and purpureo-cobaltic 
chlorides, together with a leek-gi’ecn crystallisable salt, the base of which, not yet 
examined, is designated by Gibbs and Genth (Jahresb. 1867, p. 237), as praseo- 
cobalt. 

PRASEOEZTE. A hydrous dichroite from Brakko in Norway (ii. 321). 

PRASZR'. A cupric phosphate from Libethen in Hungary, chemically identical 
with phosphochalcite (p. 661). (Church, Chem. News. x. 217; Jahresb. 1864, 

p. 862.) 

PRASOCRROIMCE. *A dull green incnistetion consisting of calcic carbonate 
coloured by chromic oxide, formed on the island of Scyro by the alteration of cliromic 
iron. (Landerer, .pawa’s p. 501.) 

PRECIPITATE. This term is applied to any solid matter separated from a 
BtJite of solution by the action of heat, light, or chemical reagents, in contradistinction 
toadeposit or sediment, which consists of solid matter merely suspended in a 
liquid, and settling down when left at rest. For the metlipds of collecting and washing 
precipitates, see Decantation (ii. 308), and IfiLTRATioN (ii. 648). 

PRECIPITATE, WHITE. A pharmaceutical name of certain ammoniacal 
chlorides of mercury ; chloride of mercuRimmonium, Hg"H®N^Cl*, being called fusible 

white precipitate, and chloride of dimorcurammonium, Ilg^HWCl®, infusible 
white precipitate (iii. 916). 

PRECIPITATE, RSB. Red oxide of mercury. 

PREBAZZITE. A kind of bitter spar mixed with bnicite from Predazzo in the 
Southern Tyrol. Hardness = 5. Specific gravity = 2*634. According to J. Roth 
(J. pr. Chom. lii. 346), it contains : 

CO*. CaO. MrO. Fe03. Al^O^. SIO*. H»0. 

a, 27*46 33*53 23*27 2*88 ,3*28 10-26 = 100*68 

5. 33*36 46*67 14*54 0*48 6*96 = 102 

a may be represented by the formula Ca^CO^.M^'H^O® ; b, by 2Ca''CO®.Mg''H®0*. 
(Dana, ii. 457.) 

PRBGRATTZTE. a green, fine-scaly micaceous mineral from Fregratten in 
the Pusterthal. Specific gravity = 2*895. Hardness «= 3. Contains, according to 
Oellacher (Jahresb, 1862, p. 747), 44*65 percent. SiO®, 40*41 Al®0», 1*71 K®0, 7-06 
Na®0, 0*84 FeO, 0*52 CaO, 0*37 MgO, 0*10 Cr®0® and 6*04 water, whence Oellacher 

deduces the formula 2 | Si0*.3(2Al®0*.3Si0®), regarding the other constitu- 

ents as adventitious. Kenngott, on the other bund, regards the water as essential. 
According to Rammelsberg, the mineral is probably identical with the paragonite 
of St Gothard, which contains 46*81 per cent. SiO®, 40*06 APO®, \^th a trace of ferric 
oxide, 0*66 MgO, 1*26 CaO, 0*40 Na®0, with a trace of potash, and 4*82 water. 

PRBBNZTB. Koupholite. Edelite, Chillonite. — A hydrated silicate of alumi- 
nium and calcium, occurring in trimetric crystals, having the axes a : b * 0*66963 
: 1 : 1*19036. Angle ooP : ooP = 96® 56';oP : Poo = 146f llj'. Ordinary combi- 
nation ooP . . ooPco . 6^00 . oP ; also with 6P, 2P, §Poo and . Cleavage 

basal, distinct The mineral occurs also reniform, globular, and stalactitic, wiA a crys- 
talline surface, imperfectly columnar or lamellar structure, and strongly coherent ; also 
compact granular or impalpable. Hardness « 6 to 6*5, Specific ^vity » 2*8 to 
2*953, Lustre vitreous, pearly on the basal faces. Colour light-green, passing into 
white and grey, often fading on exposure; streak uncoloured. Subtransparent to 
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aubtranslucent. Fracture uneven. Somewhat brittle. Pyroelectric. It gives off 
water when heated and melts before the blowpipe to a white or yellowish glass. 
Many varieties (koupholite) blacken when heated, and give off an empyreumatic odour, 
but ultimately burn white. It is slowly attacked by hydrochloric acid, but gelatinises 
easily therewith if previously ignited or fused. 

Analyses. — a. From South Africa (Klaproth, Hammelsherg' s MineraZch&niie, p. 
782). — b. From Mont Blanc: Koupholite (Walmstedt, Berz. Jahresb. v. 217). — 
c. Bourg d’Oisans in Dauphiny (Regnault, Ann. Min. [3] xiv. 154). — d. Dumbarton 
near Glasgow (Walmstedt). — e. Edelfors in SmSland: Kdditc (Walmstedt). — 
f. Hadauthal in the Harz; ingabbro (Amelung, Pogg. Ann. Ixviii. 612).--^. Kiodes 
los Ciprcses, Chile (Do me yko, Ann. Min. [4] ix. 3). — h. Niederkirchen, in Hhenish 
Bavaria: in the form of analcime (G. Leonhard, Pogg. Ann. liv. 479). — i. From the 
same locality, in the form of laumontite (Blum’s Leonhardite) (Leonhard): 


«• b. C. d. e. f. g. h. i. 

Si>ica 40-93 44 7 1 44*50 44 10 43*03 44 74 43*6 42*50 44*00 

Alumina .... 30-.33 23*99 23*44 24*26 19:40 lH-()6 21*6 30*50 28*.50 

.Ferric oxide . . . 5 66 1-39 4*61 0 74 6-81 7*38 4 6 0*04 0 04 

Manganous oxide . ... 0*19 . . . 0*ir> , 

Lime .... 18-33 25-41 23*47 26*43 26 28 27*06 25*0 22*57 22*29 

Potash 0-02 0-01 

Soda 10;4 

Water .... 1-83 4*45 4-44 4*18 4*43 4 13 5*3 500 600 


97*08 100*14 100-46 99 71 100 OO 102-40 100 1 100-63 100*84 

These analyses, neglecting the first, agree nearly with the formula 2(Ca"O.SiO*). 
APO®. SiO* H’O, which requires 44*28 per cent, silica, 24-60 alumina, 26-82 lime and 
4-30 water. 

pKihnitc occurs in granite, gneiss, and trap-rock, especially in the last. It was 
first found at the Cape of Good Hope by Colonel Prehn. IFandsorne polisflied slabs of 
it have been cut fmm masses imported from China. It sometimes occurs altei-ed to 
green earth and felspar. (Dana, ii. 311.) 

P&BKXrZTOZll- A miiK.'ral ext(»rnally resembling prelmite, occurring in tho 
hornblende rock betwotm Kingsberg and tln) Solberg in Sweden. It melts before tlio 
blowpipe to a white enamel, and is easily attacked by acids. Contains, according to 
Blomstrand (J. pr. Chem. Ixvi. 157), 56*00 per cent, silica, 22*45 alumina, POl 
ferrous oxide, 0-18 manganous oxide, 7*79 lime, 0*36 magnesia, 10*07 soda, 0*46 potash 
and 1*04 water (= 99-36), 


PBZnxVXiA. Tho ash of the several parts of Primula farhiosa, gathered near 
Ansbach in tho summer of 1853, has been analysed under Wittstein’s direx*.tioD8 
(Ann. Cli. Pliarm. cviii. 203), with the following results : 



Roots. 

Leaves. 

Stalks. 

Flower- 

heads. 

Entire 

plant. 

Ash per cent, in the substance 
dried at 100® . 


10*05 

13-88 

779 

7-00 

8-61 

Composition of the ash: — 







Potash .... 


213 

17-10 

26-63 

27*30 

22-24 

Soda .... 


17-86 

7*41 

6-85 

3*90 

7-68 

Lime .... 


21-90 

21-84 

.17-36 

11-94 

17*94 

Magnesia 


4-06 

10-45 

8-00 

8-71 

8-21 

Alumina 


1-62 

0-96 

0*54 

1-15 

0-83 

Ferric oxide . 


1*05 

0-85 

0-13 

0-54 

! 0*43 

Manganoso-manganic oxide 


1-92 

, . 


. . 

I 0-20 

Chlorine .... 


3-03 

9-33 

9-12 

6-29 

7-99 

Sulphuric anhydride 


2-28 

6-01 

1-31 

6-46 

2*77 

Phosphoric „ 


3-28 

3-78 

6-68 

8-41 

5-98 

Silicic „ 


2-53 

8*05 

5-11 

10*79 

8*64 

Carbonic „ 

• 

15-34 

16*22 

18-27 

16*61 

1709 



10000 

‘ 100-00 

100-00 

100-00 

100-00 


The composition of the ash of the entire plant was calculated from that of the several 
parts. 

PSZimiXZMr. A crystallisable substance obtained from the root of the cowslip, 
Primula veris. (Hiinefeldt, J. pr. Chem. vii. 58.) 



726 PRINTING, CHEMICAL, 

ranrCB’S HKBTAB. An alloy of copper and zinc (ii. 47). 

Plli|3HrTXXirO, CBBXMCXCAB. Under this head we shall treat of certain 
modes of printing depending on chemical action, namely lithographic and zineographic 
printing. 

BlUiograpliy (from KiOos and ypd<pttp) is the art of drawing on stone ; and litho- 
graphic printing is the taking of impressions from such drawing. Its invention is due 
to Alois Sennef elder, who was born at Prague in 1772, but practised his art chiefly 
in Munich. 

The stone used in lithography is a fine-grained limestone containing about 97 per 
cent, of calcic carbonate, with small quantities of silica, alumina, and oxide of iron. 
These stones aro found in considerable quantity along the banks of the Danube, near 
Papponheim ; the best qualities are procured from the quarry of Solenhofen. They re- 
semble in their aspect Ifio yellowish-white lias of Bath; (hey should be free from veins, 
fibres and spots, hard enough to be, scratched only with difficulty by a steel point, and 
splinters breaking from them should exhibit a eouchoidal fracture. To render a stone 
fit to receive a drawing, its surface is ground with fine sifted sand and water. 

The drawing is made w'ith a crayon called lithographu chalk, compo.sed of soap, wax, 
and billow, with a quantity of lamp-black sufficient to give it a dark tint. Now when 
traces are made on the stone wiili this soapy com{K:)Uud, a doiiblo decomposition appears 
* to take place between the oleate and steamto of sodium in tlie soap and the carboniafibe of 
calcium, resulting in tlie formation of oleate and stearate of calcium and carbonate of 
sodium. The fatty calcium-salts thus produced are insoluble not only in water, but 
likewise in oils, both fixed and volatile. 

The drawing being completed, t he stone is prepared for printing by a process called 
“etching,” which consists in floating a mixture of gum-arabic and dilute nitric acid 
•upon it, whereby the portions of the surface untouched by tlio grease become covered 
with an insoluble compound of gum and lime. The action in this part of the process 
is somewhat ob.scure, but it is probable that the nitric acid di.ssolves the superfieisil 
particles of the stone, and the resulting solution forms with the gum an insoluble gum- 
mate or metaguramate of calcium (ii. 9/)4). One thiug is oeptuin, that, the gum becomes 
firmly fixed on the stone, and cannot be removed t‘ven by repi^ated washing with water. 
The nitric acid also acts upon the chalk by laying hold of the alkali, and setting the 
fatty acids free. 

The stone thus prepared is next washed witli water, to dissolve off the excess of 
gum and the nitrates of sodium and calcium, and afterwards with oil of turpentine, 
which removes the excess of grease from the drawing and renders it nearly invisible. 
The fatty calcium-salts formed by the action of the soap on the carbonate of calcium, 
are however insoluble in the tnrjwntine and remain untouched ; and on subsequently 
wetting the surface of the stone with water, and passing over it a roller covered 
with printing ink, composed of linseed oil ami lamp-black (iii. 273), the itdc adheres 
to those parts of the surface where these fatty salts are situated, while the rtinaining 
portion, which has be.en acted on by the gum, does not take up the printing ink, be- 
cause the fatty acids of the linseed oil are incapable of decomposing the compound of 
lime and gum with which those portions are covered, and mechanical adhesion is pre- 
vented bjjr the film of water on the surface. The drawing is thus brought to light again 
with all its original distinctness, and impressions of it may then bo taken off on paper 
by passing the stone under a press. 

This view of the lithographic process represents it as depending altogether on a series 
of chemical actions. It is, however, more commonly .supposed that the fatty matter of the 
lithographic chalk simply adlieresto, oris partly absorbed by, the porous surface of the 
limestone ; tliat the parts thus peuetrated readily take up the printing ink ; and that the 
adhe.sion of the ink to the other portions of tlie surface is prevented by the interposition of 
a film of water. But if this explanation wore correct, a plate of alabaster, or sandstone, 
or porous earthenware, or any other stone capable of receiving a ^nular surface, ought 
to be available for lithography as well as limestone, whereas it is well known tliat 
carbonate of calcium is the only kind of stone that will answer the purpose : moreover, 
the mechanical theory of lithography takes no account of the peculiar action of the 
gum, which appears to be an essential feature of the process. 

Any kind of fine-grained limestone may be used for lithography ; marble will yield 
impfessions when treated as above; but its crystalline structure prevents it fiwm 
taking the proper grain. The preference given to the stones of Solenhc^ and 
the neighbouring localities is owing to. the cloiseness of their texture and 
occurrence in slabs of every required thickness parted by regular seams, which 
tenders the quarrying comparatively easy : stones requiring to be sawn into slabs would 
too expensive. 
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We now proceed to give a short account of the various methods of writing or draw- 
ing upon stone intended to print from. 

Chalk drawings are executed on a stone to which a granular surface has been 
given with a solid pencil (lithographic chalk), the active part of which consists, as 
alr^dy mentioned, of grease, or oleic and stearic acids. This chalk can bo modified from 
hard to soft in different degrees, to allow of its being cut to a fino point, or in the 
softer state, to be used with cloth or leather stumps ; it may also be dissolved in spirits 
of tur^ntine or alcohol, and applied to the stone with a brush. 

Lithographic ink is but a modifloation of the chalk, made to flow more easily 
when dissolved in water, being intended to bo used with fine steel pons or fine sable 
brushes, that will draw a^ hair line. In a pcifand ink drawing these lines must bo solid, 
that is drawn with the ink in its fullest density consistent with freely flowing from 
the pen; the same with the fine brush. The ink can also be dissolved in different 
degrees of density to produce with larger hrushcfs, lighter or darker washes or tints. 

The solid chalk or liquid ink may also he passed over the whole surface of a stone, 
BO as to render every part attractive for printing ink, and the drawing is then worked 
out from the black by removing the chalk or ink with a sharp point that will make 
white lines (exposing the stone), or with a flat scraper, which on a grained surface will 
produce a gradation of tints. 

Engravhg on stone. — The stone when polished is first rendered non-attractive for 
prease, by preparing tlie surface with a solution of gum and nitric acid, and when it 
is diy, the lines are cut through this preparation with a sharp needle or diamond 
point, whereby the natural stone is exposed ; ojj or other fat is then made to enter the 
cut, rendering the line att ract ive for the printing ink, whereas it can bo wiped off from 
the rest of the surface. Tho stone can also be drawn upon with a solution of gum and 
acid, to which some colouring matter lias been added, to enable tlio draughtsman to 
judge of the effect. Wlien the drawing is dry, liquid ink or chalk is passed over it, 
which will render the parts of the surface not covered by the gum attractive for the • 
printing ink. 

These examples will^ show in how many different ways fatly matter and gum can 
be made to combine with tho lime of tho stone, and how the litliographic process can 
bo varied. It is to th(>se peculiar advantages that Sennefelder’s invention owes it’s 
wide-spread application, both for commercial purposes and as one of the handmaids 
of the flue arts. 


Composition of Lithographic Chalk. 


32 parts of Beeswax. 

4 „ Tallow (purified). 

24 „ Soap. 

1 „ Nitrate of potassium, dissolved in 

8 „ Water. 

6 „ Lamp-black. 

Compositioti of Lithographic Ink : 
for Fens. for Brush. 


32 parts of Beeswax. 

18 „ Tallow (purified). 

16 Soap (Marseilles). 

32 ,, Shellac. 

4 „ Carbonate of sodium,* dis- 

solved in 
8 „ Water. 

6 „ Lamp-black. 


16 parts of Beeswax. 

16 „ Tallow (purified), 

16 „ Soap. 

16 „ Shellac. 

4 „ Mastic. 

4 „ Carbonate of sodium, dis- 

solved in 
8 „ Water. 

6 „ Lamp-black. 


Permanent Liquid Ink for Autographic writing: 5 pts. of soap, 8 mastic, 10 shellac, 
1 rosin, 1 lamp-black, 3 carbonate of sodium (rendered caustic and dissolved in 4 pts. 
water). Dissolve tho whole in 16 pts. water, adding more water if necessary to make 
tho ink flow easily. Autographic drawing or writing is executed on a prepared paper 
and then transferred to the stone. 


CliroiaolltliogTapliy. Drawing and printing in colours from stone. In this ap- 
plication of the art, the plates of limestone offer peculiar advantages, especially for the 
reprodi6PU<^ painter’s work, as the various mod^s in which the drawing mate- 
rials, ink, gum, &c., can be applied to the surface of the stone enable the 

lithographer to approach very closely the effect and handling of a painting in oil or 
water co^onr. 

* Or better, the same quuntity converted into caustic 8oda. 
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For the production of a chromolithograph, a succession of impressions is applied 
to a sheet of plate-paper from a number of stones on which are drawn in analysis, as 
nearly as possible, the various colours and tones of the original of which the chromo- 
lithograph is intended to be a copy. One of the great difficulties of the process is 
that nearly everything has to be drawn with the ordinary saponaceous hlaak chalk 
and ink. 

To copy a picture or drawing, and to make all the different colours correspond, a 
careftil tracing is made with lithographic ink upon transparent transfer paper, or upon 
a sheet of gelatin ; this tracing is transferred to a stone called the “ keystone,” and from 
this stone impressions are taken which are set off in the press on as many stones us 
will be required, the number varying according to the suW ect, twenty and even thirty 
being found sometimes necessary to produce the proper effect. The printing in colours 
is effected in the same manner, and depends on the same principles, as the production 
of a black lithograph, the various pigments being ground up with thickened linseed 
oil, and the resulting oil-colour spread evenly upon the leathern rollers with which 
the drawing upon thp stone has to be charged. To secure an exact adjustment of all 
the colours, the stone to print from and the sheet of paper to print upon, are accurately 
and securely fixed into a registering frame which forms part of the press. 

Zinoograpliy. Fatty substances act upon zinc and other easily oxidable metals 
much in the same manner as upon limestone, forming salts which are insoluble in 
water, A drawing may be made on a zinc plate with the same chalk or ink that is 
used for drawing on stone, and the remaining parts of the surface may be rendered 
non-attractive for printing ink in a simtar manner, excepting that the solution of nitric 
acid and gum used for the purpose must be mixed with a concentrated decoction of 
nutgalls. When the plate has been covered for a short time with this solution, the 
parts not constituting the drawing lose their metallic lustre and assume a brown tint, 
aud in that state are incapable of taking up printing ink. The mode of printing is the 
same as from stone. 

Other metals give similar results with more or loss distinctness ; but none are 
found to be so well adapted for chemical printing as the stone plates of Solenhofon. 

M. H. 

PBOPil&iLirXiril. C^H®NO* = Methalaniney C®H®(CH’)NO* «= Amidobutyrio 

)n 

mid, C^H’(NH*)0* « Oxybutyramic acid, (C^H^OV'Vq. (R Schneider, Ann. Ch. 

Pharm. Suppl. ii. 70; Jahresb. 1861, p. 469.)— A compound produced b^ heating bro- 
mobutyric acid with aqueous ammonia. It crystallises from alcoholic solution in 
stellate or furcate groups of small laminae and needles, which when dry, yield a dazzling 
white satiny powder, unctuous to the touch. It is inodorous, has a sweet taste, and is 
neutral to vegetable colours. It dissolves in about 3'6 pts. water of medium tempera- 
ture, is very slightly soluble in cold alcohol, and requires 550 pts. even of boiling alco- 
hol to dissolve it ; quite insoluble in ether. It is not decomposed by cold aqueous 
potash, but gives off ammonia abundantly when fused with hydrate of potassium. 
When cautiously heated in a tube, it melts and sublimes partly undecomposed ; but 
when quickly and strongly heated, it turns brown and carbonises, emitting vapours 
which have an alliaceous odour and alkaline reaction. 

Propalanine, like its homologues, unites both with acids and with bases. The hydro* 
chlorate, C^H^NOMICl, crystallises in tufts of very soluble, pointed needles ; the nitrate, 
C*H®NO*.HNO*, in fern-like groups of silky needles, easily soluble in water and alcohol, 
and having an acid reaction. A solution of 2 at. propalanine in 1 at. sulphuric acid 
dries up to a viscid moss ; but with twice that proportion of acid, the neutral nulyhate, 
(C*H•NO*)^II■‘SO^ is obtained in colourless, easily soluble, concentrically grouped 
needles.— A lead-compound, C“H*'*PV'N*OMI''Pb''0*, is obtained as a white, crystalline, 
sparingly soluble powder, by pro longed boiling of aqueous propalanine with lead-oxide. 
—The silver-compound, C^H^AgNO**, obtained in like manner, crystallises on evapora- 
tion over oil of vitriol in small crystals which are quickly blackened by light, and 
decompose at 100°. , . 

Schneider thinks it probable that propalanine may occur m the animal organism 
associated with leucine. 

pjtOPABOT&XC 3BTBBB. (Liebermann, Zeitsebr. Ch. Phann, 1864, p. 
746,)— When tribromide of allyl is digested for some time with alcoholic potash, the 
alcohol distilled therefrom yields with ammoniacal silver-nitrate a white precipitate, con- 
taining 1 0, and regarded by Liebermann as the silver-salt of an ether to which 

he gives the above name. The silver-compound treated with a solution of iodine in 
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iodide of potassium, yields an iodated oil, j O, from which, by addition of iodine 

and of bromine, the compounds, Q-jja [ O, and qjjjs [ O, may be obtained* The 
corresponding methyl-compounds are formed in like manner. 

PROPBBTXXir-ltZSSXXir. A resin obtained from Cucumis Prophetarum* (See 
CocuMis, ii. 172.) 

PBOPZOXrikncZDXI. C*H^NO = Produced by the action of am- 

monia on propionate of ethyl. It is decomposed by heating with potassium, yielding 
cyanide of potassium, hydrogen, and c#irburetted hydrogen. By distillation with phos- 
phoric anhydride, it is converted into cyanide of ethyl or propionitrile, C’^TPN =» 
C®IPNO — H*0. (Dumas, Malaguti and Leblanc, Compt. rend. xxv. 667.) 

Hydrochlorate of Propio7mmifh\ C®H"NO.H01, is obtained, together with other pro- 
ducts, by the action of moist chlorine -on propionitrile (p. 736). It forms ci^lourlcss 
crystals soluble in water and in alcohol, insoluble in anhydrous ether. When heatt!*d 
on platinum -foil, it volatilises, gi\ing off irritating vapours. With platinic chloride, it 
yields cliloroplatinate of ammonium. (R. Otto, Bull. Soc. Chim. 1866, i. 294.) 

PichlQro'propionamide, C®TI '^CPN O. — Prod need, together with dichloropropi o- 
nitrile, by the action of dry chlorine on propionitrile. On subjecting the^ resulting 
liquid to the action of a freezing mixture, the dichloropropionamide separates in crys- 
tals which may be purified by pressure between bibulous paper, erystallisation from 
absolute alcohol, and sublimation. It then forms light nacreous scales, soluble in water, 
aUrohol and ether, melting at llOvj^ and solidilying at Its aqueous solution does 

not precipitate silver-nitrate, it dissolves without decomposition in ammonia and in 
hydrochloric acid ; but on adding platinic cldoride to its solution in absolute alcohol 
acidulated with hj’drochloric acid, a precipitato of cliloroplatinate of ammonium is 
formed, containing the whole of the nitrogen of the compound, and the filtered liquid, 
which has an odour of mint, deposits oily drops which solidity to crystals. 

When dichloropropionamide is boiled in waiter with mercuric oxide, the latter 
dissolves, and the liquid on cooling deposits the compound 2C‘'II^Cl’*N0.Hg"O, in 
nodules of hard white needles, soluble in boiling water and alcohol, nearl}'’ insoluble 
ill etlier, melting between lOO'^ and 110^. (Otto, R6p. Chim. pure, iii. 267 ; Bull. 
«oc. Chim. 1866, i. 293.) 

PROPZODTB. C*II'®0 = or ^r,®*|cO.— Discoveredby Premy in 1835, 

and called by him Mvtacctona, It is sometimes called ethyl-propionyl, being the 
ketone of propionic acid. It is formed, together with other products, wlien sugar, 
starch, gum or mannite is distilled with excess of lime; also in the destructive distilla- 
tion of lactate of calcium. 

The following metliods of obtaining it are more precise : — 

1. Destructive distillation of certain propiouutes, c. propionate of barium 
(Morley) ; 

Propionate of Carlxniate of Proploiie. 

barium. barium. 

2. Action of zinc-ethyl on chloride of propionyl (Freund and Pebal); 

Zn"(C''ID)* + 2C=*IPOCl « Zn"CP + 2(C‘‘IPO.C‘IP). 

3. Action of carbonic oxide on sodium-ethyl (W anklyii) : 

CO + 2NaC^H* « Na* + CO(C2H»)*. 

Propione is a colourless mobile liquid, lighter than water and non-miscible with 
water, but freely soluble in alcohol and ether. Its smell resembles that of acetone. 
Boiling point 101°. It differs from many members of the ketone family in not being 
capable of forming a compound with acid sulphite ot sodium. 

' According to Morley, boiling nitric acid converts it into propionic acid, there being 
neither nitropropionic acid nor acetic acid produced. According to Chancel, nitropro- 
pionic acid is formed by the action of nitric acid. Sulphuric acid and dichromate of 
potassium oxidise it to propionic, acetic and carbonic acids (Gottlieb). It is hardly 
attacked When dropped on potash in a state of fusion, there being traces only of propio- 
nate of potassium formed (Gottlieb). Propiono is isomeric with valeral, but differs 
from it m its reactions. Unlike valeral, it gives no compound with alkaline sulj^itea 
and no valerianic acid when oxidised. ” • 

PROPZOmO d^eZR. McUicctonic acidj V^hyl-formic acid^ G’H^O-. — The third 
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^ Gottlieb in 1844 among the products of the 

! 0 %|>d^nce as a i^tural product. It is contained in crude 
^ Mto^nut i^ihilk after ti has turned sour, and in the distillate from 
^^rgstoasse (Gm. ix. p. 402). B6 champ (Compt. rend, 
wine, together with acetic and lactic acid. 

: intei^ being the first ownie ^acid, or indeed organic compound, 
from carbonic anhy^de. Carbonic anhydride and sodinm-ethyl give 
Swix ( Wa n kly n, 186fif) : 

CO* + NaC*a* =. 

2." %ist|^ni|^ relation to lactic acid, being related to that acid in tho 

to glycoUic acid. In order to render the connection 
compounds intelligible, the following formulae arc convenient: — 

Lactic acid. Propionic acid. 
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Propionic acid then is lactic acid in which one atom of peroxide of hydrogen has 
been exchanged for one atom pf hydrogen. And lactic acid may bo converted into 
propionic acid by first replacing one atom of its peroxide of hydrogen by chlorine, then 
replacing this chlorine by means of nascent hydrogen (Ulrich): 

Lactic acid. Chloropropionic acid. Propionic acid. 

/H* 

O" 

H 

I HO 

By using hydriodic acid, lactic acid may bo at once converted into propionic acid. 
(Lautemann.) 

3. A third general reaction for the production of propionic acid consists in tlie 
double decomposition between cyanide of ethyl (propionitrile) and water. This trans- 
formation may he effected cither by boiling tho cyanide of ethyl with potash -ley 
(Dumas, Malaguti and Leblanc), or with a mixtuio of 1 pt. of oil of vitriol and 
2 pts. water (Frankland and Kolbo). Both these reagents cause the cyanide to 
decompose water : 

C»IPN + 2H-0 = C*H»O.H.O + NH». 

When potash is used, it reacts on the propionic acid and tho ammonia is free ; when 
oil of vitriol is used, it acts on the ammonia and the propionic acid is free. 

4. A fourth general reaction which yields this acid is that of Harni tz-Harnitzky, 
who exposes hydride of ethyl and clilorido of carbonyl (phosgene gas) to tho action 
of sunlight, and obtains chloride of propionyl and hydrochloric acid : 

COCP + C*H» = 

Chloride of propionyl and water give propionic acid. 

6. A fifth general reaction is the oxidation of propionic aldehyde, which thereby 
becomes propionic acid : 

C>H*0? + o - 


H ( 


H 


It is worthy of remark that acetone, whick is isomeric with propionic aldehyde, docs 
not give propionic acid on being oxidised (Dumas and Gottlieb). Bromacetone, 
however, is converted into propionic acid (or perhaps isopropionic acid) by oxide of 
silver in presence of water : 

2C»H5BrO + Ag*0 + H^O « 2AgBr + 2C»H«0*; 

and acrylic acid is converted into propionic acid by simply taking up 2 at. 

hydrogen under the influence of sodium-amalgam. (Linn e man n, Ann. Ch. Pharra. 
exxv. 307.) 

The foregoing methods of making propionic acid are examples of the f^ve general 
methods of forming the acids of the fatty series. Prom the circumstance that c^moa 
alcohol is the particular alcohol of which propionic is the derivative, and that so 
an acid as lactic acid is the corresponding diatomic acid, it comes to pass thatprbpionic 
acid is the best acid of the scries for illustrating the employment of these genenil 
metb^«^“ ■ 
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To tlie foregoing may also be added the method 
p. 359), for converting the acids of the oxalic seriea>intb 
namely, by distillation with hydrate of calcium. Succinic A 

fact yield propionic acid, according to the equation C«lt*0* Ja 

the quantity obtained is very sniiill, because the temperature at takCg ' 

place is very near to that at which the propionic aei(i suffers 

yielding first acetic acid, and afterwards carbonic anhydride ahi^ycbrocarlj^lp??^^ 

There is also a number of special reactious which furnish ! propionic 
yield it mixed with somo of its homologucs. When sugar, mannite^starctf 0* ghni’ ii* 
Wted with caustic potash, there is formed propionate as well as Scotate^^ "^tassjufa ' 
(G ottlieb). Metacetono, when it is oxidised with chromic acid, also 
and acftt ic acids (Gr o 1 1 1 i e b). Redtenbaclier has observed tJiat wh^iij g^ycC^fex £ 
with yeast and kept at 30^ to 40° for soiru; months, it yields propionic ftcfd^jtlfe'Sr no 
acetic acid, and traces of formic acid. In this process thefreo acid was neulSlise<^irro!i 
time to time. Acci^rding to Ddberoiner, glycerin gives this acid when it is expdiBeji^ to . 
the air in contact with platinum-blaek. Oleic acid distilled with nitric acid gives pro- 
pionic acid and a groat number of its homologiios. Casein, fibriu, and vegetable fibrin 
distilled with peroxide of manganese and dilute sulphuric acid, give small quantities 
of propionic acid. The putrc-faction of peas or lentils under Water, the dry distillation 
of beeswax, the oxidation of the more volatile distillate from rapo-oil by moans of 
nitric acid, also the oxidation of turpentine by niiric acid, give propionic acid. The 
volatile oil of asafoetida and oil of mustard also yield this acid on oxidation. When 
citrate of lime is fermented with decaying cheese, or when sugar is fermented in contact 
with cheese and chalk, propionic acid is likewise formed (see Gin. ix. 403). 

Lastly, propionic acid is formed by the action of hydriodic acid on iiyroracemic acid 
(W islicenus, Ann. Oh. Lhann. exxvi. ‘22»'> : Jahresb. 1863, p. 374) : 

enVO^ + 4ITI - C»IPO‘^ + H‘^0 + 2P. ‘ 

Preparation. — 1. JVTctacetone, which is prepared by the destructive distillation of a 
mixture of sugar witli lime, is allowed lb run into a largo retort containing dichromate of 
potassium and dilute sulphuric acid. When the elfervcscenco caused by t he formation 
of carbonic acid is over, the distillation is coinmeuced; undccomposed nmtacetonc goes 
over first, then the rc'ceiver should be eliangcd, and the acetic and propionic acids 
collected. The separation of the acetic acid is managed thus. The mixed acids aro 
neutralised with carbonate of sodium, and cvaporaUul down to crystallise; w'ln'reiipon 
acetate of sodium crystallises oat, leaving the propionate in solution. The pro- 
pionate of sodium is finally distilled with sulphuric acid, whereupon propionic acid 
distils over. (Gottlieb, Ann. ('ll. Pharm. lii. 121 et mq.). 

Abetter way of separating the acetic acid is l)y tins employment of Liebig’s plan of 
fractional saturation (i. 250). The mixed acetic and propionic acids should be partly 
saturated W'ith potash and then distilled; acetate of p)Otiissium then remains behind and 
propionic acid passes over. 

2. It is, however, bcticr to employ a process of preparation w'hicli vhx's not involve 
the separation of homologues. ^die cyanide process answers very well. Cyanule of 
ethyl is added by drops to moderately strong potash-ley heated in a tubulated rt tort, 
the distillate being repeatedly poured back so long as it .smells of cyanide' of ethyl. 
The residue in the retort is tlicn evaporated down to dryness and distilled with syrupy 
piiosphoric acid (Dumas). (See also Williamson, Phil. Mag. [4] vi. 205.) 

3. Now' that both zinc-ethyl and sodium are tolerably cheap, tlie method of acting 
upon sodium-ethyl with carbonic anliydride has become quite practicable as a inode of 
preparation. The details of the operation are as tbllows : — Ten parts by weight of pure 
zinc-ethyl and one part of sodium are shaken up together; zinc then sc'parates and 
sodium-ethyl dissolved in zinc-ethyl is produced. Mercury is next added ; it takes up 
file finely divided zinc, and there re-sult a lower layer containing zinc and TiK'rciiry, and 
an uppe^r layer of clear liquid which is sodiura-ethyl together with zinc-ethyl. Carbonic 
anhydride is next passed into the apparatus, and combines wit li the .sodium-ethyl; 
and the solid product of the reaction, after being treated wnth moist ether, and then with 
Water, is finally evaporated to dryness and distilled with syrupy phosphoric acid or 
Bulphuric acid. 

Lautemaun’s method of decomposing lactic acid with hydriodic acid is also practi- 
cable as a piode of preparing pro[»ionic acid. 

Pr^erites. — Accoi'ding to Dumas, pure dry propionic acid is a solid at ordinary tem- 
perat|&es. It boils at and mixes with water in all proportions. Propionic acid 
fioats on phosphoric acid or on solution of chloride of calcium, lledtenbachcr, who 
obtained his acid by fermenting glycerin, maintains that propionic acid is not indefi- 
nitely soluble, ‘^eii iu water, but that when it is mixed with a little water, a portion 
of the propioniwAcid separates and floats on the aqueous solution of the acid. This 
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observation iirequireg confirmation, inasmuch as it is quite possible that Rt.*<lteubac}iei^8 
acid contained tra9eB'‘iof butyric acid or a higher homologue. The smell of the aqueous- 
solution of p^ionic acid is very peculiar. J. A. W. 

Vropionatea* ^ C*H*MO* and C®H‘«M''0\ — These salts are soluble in water and 
mostly crystallisafile ; according to Dumas, the alkaline propionates are unctuous to 
the touch. 

The ammonium-salt is converted by phosphorous anhydride into propionitrilo, 
C?H*{NID)0* — 2H*0 as C*H*N. — The C*H®KO* forms whito 

pearly laminte. The sodium-aaltf C“H*NaO*.H*0, dries up to an amorphous mass 
very soluble in water. Xnaceto-propionate of sodium, C®H*NaO’‘*.C*H*NaO®.SH*0, was 
once obtained by Gottlieb in delicate, shining, very soluble needles. 

Propionate of Barium, crystallises in monoclinic prisms exhibiting 

the combination ooP . ooPco .oP . + Poo . — Poo. Angle oP : + Poo = 136® 4'; 
oP : - Poo « 136® 32'; ooPoo : + Poo == about 133®; ooPoo : - Poo «= 133® 36'; 
ooP : ooP ^ 97® 30'; ooPoo : ooP = 131® 15'; + Poo : ooP = 116® 25'; -Poo : 
<xP « 117® 35'. (Provostayc, Compt. rend. xxv. 782). It is very soluble in water, 
and the solution yields, by spontaneous evaporation, large very regular crystals of a 
prismatic salt containing C*H‘®Ba"0Ml20, which gives off its water at 100®. (Wright* 
son, Phil. Mag. [4] vi. 88.) 

The calcium-salt crystallises by spontaneous evaporation in tufts of long prisms 
containing C®H'®Ca"0'.H-0. They retain their water of crystalli-sation even when 
dried over oil of vitriol, but give it off at 100® (Wright son). Streckcr obtained 
the anhydrous salt in silky .scales. 

Cupric propionate, C"H’®Cu"OMI'0, obtained by neutralising the aqueous acid 
with carbonate of copper, forms very regular green octahedrons, sometimes with cube- 
faces. It dissolves in water with moderate facility, and is easily obtained in crystals 
by spontaneous evaporation. The ciystals dried over oil of vitriol retain 1 at. water, 
which goes off at 100® (W rights on). According to NickUs (Compt. chim. 1849, 
p. 348), it crystallises in small oblique prisms very soluble in alcohol but very sparingly 
in water. Heated to 100° in aciuTent of dry air, it gives off its water, together with 
a certain quantity of propionic acid. If from this point the temperature bo sud- 
denly raised to dull redness, the decomposition proci'ed.s rapidly, with evolution of 
combustible gases which carry awfiy a portion of the salt. The products of this distil- 
lation are : an odoriferous liquid composed of propionic acid and an oily body insoluble 
in water ; carbonic anhydride and a hydrocarbon ; and a residue of metallic copper 
and charcoal. 

Propionate of Lead.^The solution of this salt, which has a sweet taste, dries 
up without yielding crystals, to a white mass, which when dried at 100° contiiins 63-4 
percent, oxide of lead (Fraiikland and Kolbe). According to Streeker, it fonns 
qeedles containing C®H'®Pb"0‘‘.Pb"0. This formula requires 7 7 ’5 per cent, lead-oxide. 

Chloride of barium added to a tolerably concentrated solution of propionate of lead, 
forms at first a somewhat copious precipitate which disappears on agitation ; if the 
addition of the chloride bo continued, a point is at length attained at which the pre- 
cipitate no longer redissolves ; if the liquid be then filtered, and left to evaporate) 
chloride of lead separates at first, and afterwards magnificent limpid crystals which 
appear to belong to the dimetric system. They dissolve readily in water and produce 
gyratory movements on the surface of that liquid. They contain 4-15 to 3*88 per cent, 
chlorine, 35-96 to 36-70 lead, and 24*32 to 24*2 barium. (Nicklfes, Aim. Ch. Pharm. 
Ixi. 843. 

Propionate of Silver, C^IPAgO% is obtained by adding nitrate of silver to 
the concentrated aqueous solution of the sodium salt as long as a precipitate is formed, 
boiling the precipitate in the liquid till it dissolves, wdiereupon some of the silver 
is reduced; and filtering at the boiling heat; the liquid then on cooling yields white, 
shining, heavy granules, which, when examined by the microscope, are found to consist 
of needles. The salt when niorely exposed to light remains unaltered for several weeks; 
but at 100® it suffers partial decomposition and becomes black-brown. At a higher 
temperature, it melts quietly and bums away without noise (Gottlieb). When the 
precipitate is dissolved in boiling water, the greater part of it decomposes ; and the 
crystals obtained from the solution decompose when heated, giving off acid vapours 
(Guckelberger). According to Frankfapd and Kolbe, it forms small cryst^line 
laminae, which either in the dry state or in solution, blacken when exposed to light 
or heated to 100®. It is less soluble in water than the acetate. 

When propionic acid is warmed with carbonate instead of oxide of silver, an acid 
silver-salt appears to be formed, and crystals may be obtained containing C*lPAgO®. 
G»IIW (Waiiklyn.) 
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Acetopropionaie of Silver, C*H®AgO-.C*IPAgO® is produced by boiling nitrate of 
silver with a mixture of acetate and propionate of sodium. The filtered solution on 
cooling deposits the double salt in arborescent groups of shining needlesi*^^ The crystals 
may be dned at 100° without alteration ; they do not melt at a stronger heat and are 
but slightly soluble in water. The solution blackens when boiled,^ from deposition of 
metallic silver. 

Acetopropionic acid is also produced by the fermentation of calcic citrate in contact 
with putrefying curd. (How, Chem. Soc. Qu. J. v. 1 ; Gm. ix. 408.) 

Substitution^derivatives of Propionic acid^ 

Sromoproplonlo acid, C®H*BrO®. — ^Produced: 1. By heating 1 at. propionic 
acid with 2 at. bromine to 160° for several days, and collecting the product which 
passes over on frjictional distillation between 190° and 210'^ (Friedel and Machuca, 
Compt. rend. liii. 408 ; Jahresb. 1861, p. 379). — 2. By the action of hydrobromic acid 
on lactic acid: 

OTI«0» + HBr = C»H^Br02 jx^o. 

Wlien ladlic acid is heated to 180° — 200° in a stream of gaseous hydrobromic acid, a 
small quantity of bromopropionic acid distils over ; but a better mode of pn^paration 
is to heat lactic acid with rather mon; than an equal volume of cold saturated aqueous 
hydrobromic acid, in sealed tubes to 100° for several days, then agitate the product with 
ether free from alcohol and distil the etluircal .solution. Tin? portion which distils 
above 180° yields a large quantity of broinoprox)ionic acid. Sometimes, however, car- 
bonic oxide is formed at the same time together with a fragrant liquid whicli, when 
treated with alcoholic ether, yields a considerable qujintity of ethylic bromox^rox)ionatc. 
(Kekul^, Ann. Ch. Pharm. exxx. 11.) 

Bromopropionic acid prepared from lactic acid boils at 202° (corrected 206*5°) and 
soUdilios at — 17° to a radio-crystalline mass. It is converted by sodium-anutk/’am into 
propionic acid (Kekul(i), and by boiling with zinc-oxide, into lactic acid (Friedel 
and Machuca; Kokul4). When heated with alcoholic ammonia, it yields alanine 
tog<‘tlier with bromide of ammonium (Kekule) : 

C«HfiBr02 + 2NH» =. C^H’NO* -r NIPBr. 

Bromopro- Alanino. 

piontc acid. 

An acid c^edloidi^hromitonic acid, havingthe composition of dibromopropionic acid, 
C^PBr’^O'^, is produced by the action of bromine on citraconic acid in j)resenccof excess 
of x)Ota.sli (Cahours). See Citraconic Acid (i. 993). 

Ctiloropropioiilc acid, CTPCiO”. — Tliis acid docs not app(uir to bo formed by 
the action of chlorine on propionic aeitl, but is obtaim^d by tJie action of water on 
chloride of lactyl or clilorido of chloropropioiiyl, (C-TPO/'Cr- or C'TI'CIO.CI (iii. 466). 
It is less volatile than propionic acid, and smells like; trichloracetic acid. Nascmit 
hydrogen converts it into jiroxHoiiic acid (j). 730). Its sUver-mlt, C-*ll‘CJAgO® is less 
soluble in water than the jiropioiiatc?, and isre.solved by boiling with water into chloride 
of silver and lactic acid. The lead-salt decomposes in like mannor (^Ulrich, Ann. Ch, 
Pharm. cix. 271). The barium-salt, C”ll"Ba 'Cl‘(P, evaporated with chloride of zinc, 
yields a zinc-salt having the xu-ox^rties of sarcolactate of zinc. (Lippmann, Ann. Ch. 
Pharm. cxxix. 81.) 

Respecting Chloropropionate Ethyl, sec Pkopiontc ETHEit.s. 

Xodopropionic aold, CWIO'-^. (Beilstein, Ann. Ch. Pharm, cxx. 226; exxii. 
366 ; Jahresb. 1861, p. 668; 1862, p. 244). — Produced by the action of iodide of phos- 
phorus on glyceric acid. To prepare it, 62 cub. cent, of glyceric acid having a density 
of 1*26 are mixed with 100 grms. iodide of ]>hosphorns (added in tliree sexiarate portions), 
and as soon as the action, which may bo allowed to go on with considerable taiergy, is 
complete, the residue is washed with ice-cold water, till the w^ater runs off colourless, 
and tho iodopropiouic acid which remains is crystalli.s(‘d once or twice from boiling 
water. Tho portion remaining in tho mother-liquor, may be extracted by ether free 
from alcohol, not by eYax)oratioii, as the aqueous .solution is decomposed by heat. If 
ether containing alcohol is used, ethylic iodoxiroxuonate is produced. 

lodopropionic acid forms a dazzling white, nacreous, crystalline mass melting at 82°. 
It is easily soluble in hot water, very slightly in cold water. The mother-liquors of 
the acid, when slowly evaporated over oil of vitriol, deposit it in large, well-developed, 
apparently monoclinic crystals. The acid dissolves very easily in alcohol and ether, 
has a strong acid reaction, and decomposes carbonates. Hydrochloric acid gas passed 

into the alcoholic solution, converts the acid into the ethylic ether. 

The salts of iodopropiouic acid are converted by boiling with water into metallic iodide 
and hydracrylic acid (iii. 177): 
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4C*H‘IO» + 3H«0 C«H«0" + 4HI. 

lodopropionic Hydracrylic 

acid. acid. 

sritroproplonloacldyC^K'NO* » C*H*(N0*)0». (Chancel, Ann. Ch. Pharm 
lii. 295. — Laurent and Chancel, [3] vii. 355; xiii. 462). — Produced as a heavi 
yellow oil by heating butyral or butyrone with nitric acid, and precipitating with water 
It has an aromatic odour, a very sweet taste, is dissolved slightly by water, and in aU 
proportions by alcohol. It remains fluid even at very low temperatures ; is easily set 
on ^e, and burns with a reddish flame. 

The nitropropionates are generally yellow and crystallisable: they all, excepting 
the ammonium-salt^decomf^se with a kind of explosion when gently heated. Mineral 
acids decompose them, precipitating the oily acid. 

The ammonium-salt^ C*H\Np[^)(lSr0®)0=‘.H*0, may be sublimed without decomposi- 
tion. It decomposes spontaneously when kept in a close vessel, yielding a gaseous 
and a liquid product. Sulphydric acid decomposes it, with pre.cipitation of sulphur and 
formation of new products. The potassium-salty C®H^K(N0®)0“.II®0, is obtained in 
fine yellow scales by dissolving the acid in alcoholic potash. It gives off its water 
at 140°, and decomposes with explosion at a few degrees higher. It dissolves in 
20 pts. water, but is nearly insoluble in alcohol. — The co-pper-satt is a dirty-green pre- 
cipitate. — The lead-salt is a yellow precipitalxj. — Sllvm'-salty C®H^Ag(NO*)O*.ll20. 
When a solution of the potassium- salt is mixed with nitrate of silver, a yellow preci- 
pitate is formed, probably consisting of a biusic salt; for on boiling it with water, oxide 
of silver is deposited, and there remains in solution a silver-salt, which crystallises in 
rhomboidal plates, and has the compo.‘^ition above indicated. 

P&OPZOi^rZC AZiZ>SBYBS. CTI^O = C^II'^O.IT. Hydride of Pro-pionyl. 
Metacetic Aldehyde. This compound, discovered in 1847 by Guckel- 

borgor (Ann. Ch. Pharm. Ixiv. 39), is produced : 1. Together with several other 
aldehydes and acids, by distilling casein, albumin, or fibrin with sulphuric acid and 
peroxide of manganese, or sulphuric acid and potassic chromate (Gru ckel berger). — 
2. Together with butyric aldehyde, by the dry distillation of a mixture of calcic 
formate and butyrate (Michaclson, Ann. Ch. Pluirin. cxxxiii. 182). ™3. Together 
with butyric aldehyde, propionic acid and butyric acid, by distilling tetrylic (hi Hylic) 
alcohol with sulphuric acid and potassic chromate (Michaels on, ihid. cxxxiv. 69). 

Preparation. — 1. By distilling 1 pt. of dry casein with 3 pis. of peroxide of manga- 
nese, 4j pts. oil of vitriol, and 30 pts. water. Skimmed milk is left to coagulate; the 
curd, freed as completely as possible from the whey by washing with water and pressure, 
is dissolved at 60° to 80° in dilute sodic carbonate ; the solution is maintained at Unit 
temperature for some hours, the scum thereby formed being carefully removed ; the 
slightly turbid liquid is precipitated by dilute sulphuric acid; the curd repeatedly stirred 
up with hot water, and the liquid each time pressed out of it, till the water runs away 
quite clear ; and the resulting casein, whic^h contains but a trace of fat, is dried. — 4*5 
pts. of oil of vitriol are next diluted with 9 pts. water ; the mixture is cooled to 60° or 
40° ; 1 pt. of dry casein, pulverised as finely as possible, is gradually added to it, with 
constant stirring, till, in the course of a few hours, it dissolves, and forms u bniwn or 
violet solution ; and the remaining portion of fat, which then rises to the surface, is 
skimmed off. The solution, after standing for a day, is diluted with 10 pts. water, and 
introduced into a retort large enough to hold twice the quant ity and containing pt. 
manganic peroxide ; 11 pts. of water are added (making up the 30) ; the liquid is dis- 
tilled into a well cooled receiver, as long as any odoriferous products pass over ; 1 J pt. 
more manganese is introduced into the retort, together with a quantity of water equal 
to that which has already passed over ; and the liquid is again distilled as long as the 
distillate has any odour. 

The strongly acid and pungent distillate is neutralised with clialk, and distilled to 
one-half; and the resulting neutral distillate containing acetic, propionic, butyric, and 
benzoic aldehydes is redistilled into a well cooled receiver, collecting only the first portion 
W'hich passes over, till this distillate presents the appearance of a milky water covered 
with yellow oil, becoming clear as it cools, and gradually depositing bitter almond oil. 
To separate the propionic aldehyde, the milky liquid is introduced into a retort or flask, 
to which is adapted a long tube slanting upwards at first, and afterwards conveying 
the vapours into the downwardly inclined condensing apparatus, and heated in the 
water-bath, at first only to 40° or 60°, at which temperature nothing but acetic aldehyde 
passes over, whilst the propionic aldehyde condenses in the upwardly inclined tube, 
and flows back again. The propionic aldehyde is then distilled over at 66° to 70", the 
first portions still containing acetic aldehyde, whilst the last portions, which must bo 
collected apart, are free from that impurity, and have a pleasant ethereal odour (at a 
higher temperature the butyral passes over, and above 100°, the bitter almond oil)* 
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The distillate collected between 6i5° and 76® i« dehydrated over chloride of calcium, 
and redistilled, whereupon it begins to boil at 40°. ‘ The distillate collected between 60° 
and 70° is tolerably pure propionic aldehyde, not however exhibiting a perfectly con- 
stant boiling point. 

The formic, acetic, propionic, butyric, valeranic, caproic, and benzoic acids, likewise 
formed by the oxidation of the casein, remain in tlie retort as calcium-salts after the 
volatilisation of the aldehydes. (Gluckclbefger.) 

2. A mixture of 1 at. calcic formate and 1 at. calcic butyrate yields by fractional 
distillation a product which, after being neutralised by oxide of lead and dried by 
chloride of calcium, is resolved by fractional distillation into propionic aldehyde, 
boiling between 54° and 63° ; butyric aldehyde passing over between 66° and 90°, and 
amounting to about two-thirds of the whole ; and a small quantity of a liquid boiling 
between 48° and 63°. (Mich a else n.) 

3. When 12 pts. of pure tetiylic alcohol are added by small portions to a mixture of 
20 pts. sulphuric acid and 15 pts. of acid potassie chromate dissolved in water, the 
mixture becomes hot and gives off carbonic anhydride, so that external heating is 
required only towards the imd of the reaction. On distilling the product, propionic 
and butyi'ic acids aiid aldehydes pass over below 100°, while a considorablo portion of 
the alcohol remains unattacked; and on neutralising the acids with oxide of lead, 
dehydrating the liquid witli chloride of calcium, and submitting it to fractional distil- 
lation, the propionic aldehyde, which constitutes the greater part of the product, passes 
over between 69® and 61°. (Michaelson.) 

Propionic aldehyde is a limpid neutral liquid, having an ethereal odour. Sp. gr. =» 
079 at 16°. Boiling point between 65° and 65® (G iickolberger) ; 54° and 63® 
(Michaelson). Vapour-density, obs. = 2‘11 1 (Guckelbergor) ; 2*04 (Michael- 
Hon); call?. = 2*01. It turns acid .slowly in tlio air, rather quickly in contact with 
platiniim-blaek (Giiekelbergcr). AVIieii lujated to lOO® with recently prccijjitated 
silver-oxide and a little water, it is converted into propionate of silver, with separation 
of specular metallic silver : 

2C*H«0 + 3Ag20 « 2C»H»AgO + IPO + Ag\ 

This character distinguished propionic aldehyde from acetone, with which it is isomeric. 
(Michaelson.) 

Trihromoprnpionic Aldehyde^ C®1PBp“ 0. — A body having this composition is formed 
in small quantity, together with acid products, by the action of bromine on the alkaline 
salts of citraconic acid (i. 993). It is a neutral oil insoluble in pure water and in 
alkaline solutions ; easily soluble in ah'ohol and etlier ; partially decomposed by heat. 
It is uncertain whether this body is a derivative of propionic aldehyde, or of acetone. 

FiintacJdoropropioyiic Aldehyde or Propio?iic Chloral, C^IICl^O. — This compound 
occurs amongst the products obtained by distilling starch with hydrocliloric acid and 
manganic peroxide. On saturating the crude distillate with chalk or sodic carbonate, 
and rectifying over a sinall quantity of calcic chloride, the propionic chloral passes over 
in the first portion of the distillate, together with an oily body, from wdiich it may be 
separated by ugitat ing the li<piid several times with ice-cold water, decanting the solu- 
tion when saturated, and heating it, tin? propionic chlorul then separating in heavy 
drops having a faint yellow colour. By dilfusing tht‘.se drops in a small quantity of 
w'Hter, and cooling to 0°, colourless rhombic tabh^ts are obtained, which may be purified 
from adhering oil by pressing th(*m in tho cold between bibulous paper. They con- 
sist of a hydrate of propionic chloral, C’HC1*0.4IP0. (Stiideler, Gcrhardt'a IVaitS, 
ii. 434.) 

PROPXOZO'ZC BTKBRS. Those compounds have not been much exafnined, the 
ethyl-compounds of propionic, bromopropionic acid, &c., being the only ones yet 
obtained. 

Et hylic Propionate, C'’H^(CTP)0*, is prepared by heating silvor-propionate with 
a mixture of absolute alcohol and sulphuric acid, and is separated from the product by 
water, in the form of a liquid lighter than water and having a pleasant fruity odour. 
It is quickly decomposed by ammonia into alcohol and propionamide. 

E thy lie Bromopropionate, was obtained by Kckul6, by treating with alcoholic 
ether the fragrant liquid sometimes produced in the preparation of bromopropionic 
acid by tho action of hydrobromic acid on lactic acid (p. 733). 

Ethylic Chloropropionate, CnVCKfi = C*H*(CW)C10» = 

nhylic CUorolactaU |ci Wurtz, Ann. Ch. Pharm. evii. 192; cxii. 

232; Ulrich, Chein. Soc. Qu. J. xii. 23).— This ether is produced, together with 
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ethylic chloride and water, by the action of absolute alcohol on chloride of chloponw 
pionyl (chloride of lactyl, iii. 646) : ^ 

C»H^OCl* + 2C®H«0 * C»H®C10* + C*H*C1 + H^O. 

It is a liquid having a pleasant aromatic odour, a specific gravity of 1*097 at 0° an 
distilling without decomposition at 160°. Vapour-density, obs. = 4*9 (Wurtzl 
calc. = 4-7. When heated with sodium-ethi/late^ it is converted into dicthylic lactal 
(Wurtz, iii. 464) : 

(C»H^0y')0 ^ ^ xrn. 

(?H* JCl Na p “ (CPHy p N*®** 

By the action of nascent hydrogen (zinc and dilute sulphuric acid) it is converted ini 
propionic acid. (Ulrich.) 

Ethylic lodopropionate, C®H^(CW)IO®.— Obtained by passing hydrochlori 
acid gas into an alcoholic solution of iodopropionic acid (p. 734). ’It is a coloiirlet 
strongly aromatic liquid, heavier than water, soluble therein, and easily soluble i 
alcohol. It boils between 180° and 200°, and appears to volatilise without decomnos 
tion. (Beilstein.) » 

P&OPXOKTZTRZIiE, C»H*N, or Cyanide of Ethyl, C®H^CN.— The formatioi 
properties, and most of the reactions of this compound have been described uiah 
Cyanides (ii. 211). The products obtained by treating it with chlorine have recentl 
been examined by R. Otto (Ann. Ch. Pharm. cxvi. 196; R6p. Chim. pure, 1861,1 
257; Ann. Ch. Pharm. cxxxii. 181; Bull. Soc. Chim. 1865, i. 293). 

Dry cMorinc passed into gently heal.ed propio nitrile, forms dichloropropionamid 
(p. 729), and d i ch lor op ropio nitrile, CWCPN, which may be separated by 
frec^zing mixture, the former then cry shilli .sing out; and on submitting the remainin 
liquid to fractional distillation, dichloropropionitrile passes over between 104° and 107' 

Diehloropropionitrile is a limpid liquid having a disagreeable ethereal odou: 
insoluble in water, soluble in alcohol and in ether, decomposing in badly clo.sod vesseli 
It burns with^ a smoky flame, emitting pungent vapours. When boiled with alkali, i 
gives oft’ its nitrogen as ammonia, the last portions however going off* very slowly, an 
yields, first chlorinated acids, then acids free from chlorine. 

The residue left after the distillation of the dichloropropionitrile is a crystalline masj 
having the same composition and probably consisting of a polymeric modification. 1 
forms fine crystals or scales melting at 74-5°, subliming with partial decompofsitior 
insoluble in water, melting in boiling water, and distilling over with aqueous vapoiii 
It dissolve's at 26° in 7*17 pts. of absolute alcohol, and in 0*77 pt. of ether. Wit' 
alkalis and acids it behaves like the liquid modification. 

The action of moist chlorme on propionitrilo is very energetic, and is attended wit! 
rise of temperature, and the formation of a greater number of products. Propionitril 
distils over holding in solution hydrochlorate of propionamide, which it deposits i] 
crystals (p. 729); hydrochloric acid is evolved; sal-ammoniac is deposited; and if th 
action of the chlorine be continued, with cohobation, there finally remains a mass o 
crystals, which, when washed with cold water, and dissolved in absolute alcohol, yield 
first, small iridescent laniinm of a body A, liaving the composition C”H*®(!)PN^O * ; thei 
after the oily mother-liquid has been left for some time over oil of vitriol, crystals o 
a body B containing ; and finally, an unerystallisable oil C. 

The body A appears to be formed according to the equation : 

3C»H»N + 6CP + 4IPO = C®H»»CPN^O* + 4HC1 + NH^Cl. 

It melts between 166° and 168° ; sublimes when cautiously heated; is insoluble ii 
water, but soluble in alcohol and ether ; and crystallises in small rhombic laminae 
Its solution in dilute hydrochloric acid forms a precipitate with platinic chloride, afte; 
standing for some time. 

The body B melts between 161° and 162°, and in other respects resembles A. 

The unerystallisable oil C appears to consist of the body A, contaminated with othe: 
products of substitution. In contact with sodium-amalgam and water, it (ftssolvei 
without evolution of hydrogen ; and acids separate fi*om the resulting liquid a yellowisl 
mass, whose solution in dilute alcohol containing hydrochloric acid, yields, besides un 
crystallisablo mother-liquor, feathery crystals of a body D, which melts at 163° — 164< 
and contains C“H"C1-N*0^ 

The pil C distilled in a saltpetre-bath yielded a small quantity of dichloro-pippio 
nitrile containing hydrochloric acid, and a brown residue which solidified in a crystalUm 
mass, imd dissolved in absolute alcohol, leaving a slight residue of sal-ammoniac. Thii 
alcoholic solution deposited the three following crystal! i sable compounds, distinguishec 
by their melting points and their solubility in alcohol ; 
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E. 

C'«IT'^C1«NKB 

Melting point. 

189 to 191® 

sparingly soluble. 

F. 


156 to 158® 

more soluble. 

G. 

C'«ir-'“CPN'0’ 

214 to 215® 

from the mother-liquor. 


The action of moist chlorine on propionitrile in diffused daylight likewise gives rise 
to the formation of other compounds, but tliey are very difficult to separate. 

When moist chlorine acts on propionitrile in direct sunshine, the resulting brown 
liquid deposits on standing, crystsds of dichloropropionamide, and the liquid decanted 
therefrom yields by distillation, first water, liydrochloric acid and propionitrile, then 
(l)etween 100^ and 120®) dichloropropionitrile, and lastly (above 120^) dichloropro- 
pionamide, together with solid dichloropropionitrile (p. 736). In one experiment the 
liquid de])osited after some time, cubic crystals, C*II‘*C1®N"0.3HC1.H*0, easily soluble 
in water and in alcohol. 

PSOPVXi or TRXTYXia C*IT’. The third of the series of alcohol-radiclcs, 

(See Tuityl.) 

PROPYlbAMlSrXS. Sec Tuitylamine. 

PROPYXiBXrx:. Sec Trittleke. 

PROPYBXC AljCOBOXi, BTBBR, 4kC. Sec Trityi.ic Alcohot., Ether, 

PROSOPZTB. A mineral occurring at Altcnberg in the Erzgebirge in crystals, more 
or less altered to kaolin. The nucleus, if still unaUerecl, is colourless and transparent. 
}lt!foro the blowpipe it beeomes white and opaqiio without fusing, and gives off WAter 
and hydrofluoric acid. It is decomposed by suljdiuric acid. A colourless specimen of 
specific gravity 2'89 was foftiid by Schcerer (Pogg. Ann. ci. 361) to contain 8’96 
fluoride of silicon, 42-68 alumina, 22*98 lime, 0-31 manganous oxide, 0*2*) magnesia, 
0-15 potash, and 15-50 MUitcr (= 90-83), from which it is impossible to deduce a defi- 
nilc formula. According to Hchecrer’s measurements, the crystalline form of prosopito 
approaches nearly to that of lioavy spar. Dana, on the other hand {Miner alogy, ii. 
602), regards it as more nearly allied to datholite. Brush (Sill. Am. J. [3] xx. 273) 
found in violet-coloured crystals of so-called prosopite great diversity of form and 
composition. Some were violet and consi.sted of fluor-.spar; others were white, soft 
and opaque, and consisted of a hydrated alumiuic silieate. 

PROTAOOR. A name given by Liobrei ch to a substance believed by him to be 
th(^ chief constituent of nervous tissue, from which cerebrin, myelin, &c. are developed. 
To prepare it, brain-substance, freed as much as possible from blood, is reduced to a pulp 
and treated with water and ethor at 0®. From the remaining mass the protagon may 
bo extracted by alcohol of 85 per cent, at 46®. On cooling the alcoholic solution to 0°, 
an abundant precipitate is formed which, after being well waslied with ether and 
redissolvcd in warm alcohol, crystallises on cooling in acicular bundles. 

Protagon is colourless, inodorous, scarcely soluble in ether, very soluble in warm 
spirit; with water it swells up to a gelatinous mass, which on further dilution ho- 
coracs an opalescent fluid. Composition, C*'®H*®*N^PO'-*^ Boiled with concentrated 
baryta-water, it is decomposed into glycero-phosphoric acid and a new base, ne urine. 

M.F. 

PROTSZIW (irpcuTctoi/, “ pre-ominence ”) is the name given by Mulder to a product 
obtained by the action of ijotash on albuminoids. He considers protein to bo a definite 
compound forming the base of all the albuminoids, and imagines that those bodies differ 
from one another only by varying quantities of suljiiniide (NlPy^S, and phosphimido 
NI1*P (according to Mulder its formula = This ingenious theory is, 

however, disproved by the fact that protein is not a homogeneous compound, as has 
been clearly shown by the experiments of Liebig and his pupils ; in fact, it is nothing 
more than the albuminous substance more or less modified, and always contains a 
certain quantity of sulphur. For when an albuminoid is dissolved at the common tem- 
perature in dilute potash, and the solution is saturated by an acid, the precipitate thus 
formed (protein) contains the whole of the sulphur, not a trace of which can be detected 
in the mother-liquid. If concentrated potash be employed, and the liquid heated, part 
of the sulphur is removed from llie albuminoid, and the solution being saturated with 
au acid, yields a proportionally smaller precipitate, still containing sulphur. Finally, 
if the whole of the sulphur be extract^ from the albuminoid, the alkaline solution 
yields no precipitates with acids (Laskowski). According to Fleitmann and 
Laskowski the reaction takes place more rapidly in weak potash, if the liquid bo 
heated with oxide of bismuth, or silver. These oxides do not, however, remove all 
the sulphur. All the desulphurised matter appears to remain in solution. 

The following are analyses of the so-called protein ; they will bo observed to differ 
Very little from the composition of albumin. 

VoL. IV. 3 B 
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Carbon 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 


Duinii<i and 
Cahour«. 

Mulder, /r. cmein, 

64*6 54*4 

6*9 71 

16-6 15*9 


Fleitmann- 

Scheerer. ^ 

'' — ^ By the action of ox ide of 

fr. fibrin, Jr. horn, bismuth on white ol egg. 


64*1 

64*7 

63*8 

64*1 

7*0 

, , 

7*3 

7T 

16-6 

, 

16*2 

15*9 

. 

, , 

1*4 

1*6 

• • 

. . 

21*6 

21-5 


OxyfTOtein, or binoxide of protein, is another of Mulder’s compounds, the ex- 
istence of which seems as little proved as that of protein. It remains insoluble when 
fibrin is boiled with water, and is supposed by Mulder to constitute the membrane of tlie 
red blood-cells, and to enter into the composition of the pellicle which separates from 
infiammatory blood (Couenne inflamniatoire). According to v. Laer, it is also precipi- 
tated, after the protein, by the addition of an acid to the solution of horny matters in 
potash. Mulder found 63*1 per cent. C, 6*9 per cent. H, and 14*1 per cent N, and 
0*7 per cent. S. 

Mulder describes several other substances, which do not present the characteristics of 
pure compounds, e.g, Trioxyprotein (an insoluble matter), erythrihprotide (red ex- 
tractive matter), protide (a bitter, soluble substance), sulplioproteio acid, gallotannate 
of protein, and chlorite of protein, 

(Mulder, J. pr. Chem. xvi. 129; xvii. 312, 315; Ann. Ch. Pharm. xxxi. 129.— 
Liebig, iWrf. Ivii. 132. — Fleitmann, ihid. Ixi. 131.) C. E. L. 

PROTBEXTS. Syu. with Vestivtan. 

P&OTZC ACZS. An acid existing, according to Limpricht (Ann. Ch. Pharm. 
cxxviii. 185 ; Jahresb. 1863, p. 648), in the flesh-juice of the roach {Leuciscus 
rutiltis) to the amount of 0*7 per cent. "Wlien the extract of the chopped flesh prepared 
with cold water is freed from albumin by boiling, the filtrate precipitated by baryta- 
water, evaporated after being freed from the precipitate, and again after standing for 
48 hours, to allow the creatine to separate, and the remaining liquid cautiously 
mixed with an acid, it solidifies in consequence of the separation of a flocculent preci- 
pitate, consisting of protic acid. This acid is an amber-yellow brittle imiss, only 
sparingly soluble in water, even at the boiling heat ; its aqueous solution dries up to a 
gelatinous mass. It is moderately soluble in dilute acetic, hydrochloric, or sulphuric 
acid, more easily in aqueous ammonia, potash, soda, baryta, or lime. The acetic acid 
solution is not precipitated by ferrocyanide of potassium ; the solution in ammonia or 
baryta-water gives precipitates with most metallic salts. Protic acid has nearly the 
composition of the protein-compounds. When boiled with dilute sulphuric acid, it yields 
a large quantity of leucine, but apparently no t^’osiue. It has not been obtained 
from the flesh of warm-blooded animals or of herrings, or indeed of any flsh excepting 
the roach. 


PEOTOBASTXTBa An augitic mineral occurring, with anorthite, on the eastern 
declivity of the Kadauberg in the Hartz. It has a light brownish, or greenish to 
greyish-yellow colour, with a silky glimmer, and faint striation. Translucent, or in 
very thin laminae, transparent. Exhibits two directions of cleavage inclined to each 
other at 134®, like augite. Hardness ** 6 — 6. Specific gravity = 3*29. Very thin 
splinters melt before the blowpipe to 4 greenish-grey enamel. Two specimens gave by 
analysis the following results : 

Chrome- 

Sio*. A1*0*. Co«09. FeO. MnO. CaO. MgO. H*0. iron. 

63*46 3*71 0*89 8'64 0*16 2*19 30*86 0*87 0*07 - 100*74 

64*16 3*04 . . 12*17 . . 2*37 28*37 0*49 . . - 100*69 

The chrome-iron ore in the first specimen was mechanically mixed, and remained 
behind on treating the silica with potash. The ferrous oxide in the second specimen 
contaixed a small quantity of chromic oxide. The analyses show that the mineral is 
an augite M*O.SiO*, the silica being partly replaced by alumina. (A. S tren g, Jahresb. 
1861, p. 986 ; 1862, pp. 723, 793.) 

BBOTOOATBOBVZC ACXD, An acid isomeric with oxysalicylic, 

carbohydroquinonic (iii. 214), and hypogallic acids (iii. 239), or perhaps identical with 
the latter. It is produced: 1. Together "with oxalic acid, acetic acid, and humous 
substances, by the action of melted potash on piperic acid (p. 654): 

C**H*®0^ + 8H*0 « + CO» + 7H» 

Oh slightly supersaturating the fused mass with sulphuric add, concentrating and 
boiling the residue with alcohol, a solution of protocatechuateof potassium is obtained. 
This solution is to be evaporated ; the residue dissolved in water ; the solution preci- 
pitated by neutral acetate of lead, the first portions of the precipitate, which ais 
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yellow, being rejected ; and the white flocks subsequently precipitated, are to be decom- 
posed by sulphydric acid. An aqueous solution is thus obtained, which, when evapo- 
rated, yields protocatechuic acid in furcate groups of crystals and laminae. (Strecker, 
Ann. Oh. Pharm. cxviii. 280 ; Gm. xvi. 238.) 

2. Catechin, which, according to Kraut and v. Dolden (Ann. Ch. Pharm. cxxviii. 
285 ; Jahresb. 186r3, p. 389), is isomeric with piperic acid [or rather differs from it by 
1 at. water, having the composition C**H*'0*], likewise yields protocatechuic acid by 
fusion with potash. 

3. Maclurin (morintannic acid, iii. 1049), fused with potash is resolved into proto- 
catechuic acid and phloroglucin : 

+ H^O = C»H«0< + C«H«0». 

1 part of maclurin is evaporated in a silver basin with a solution of 3 parts potassium- 
hydrate, till the mixture becomes pasty ; the mass is then acidulated with sulphuric 
acid, evaporated to dryness and treated with alcohol, which dissolves both the products 
of the reaction. The alcohol is then distilled off, and the aqueous solution of the 
residue is treated with neutral acetate of lead, which precipitates the protocatechuic 
acid, leaving phloroglucin in solution. The lead-precipitate is treated as above. 
(Hlasiwetz and Pfaundler, Ann. Ch. Pharm. cxxvii. 361 ; Jahresb. 1863, p. 596.) 

4. By fusing guaiaretic acid, or purified guaiac-resin with potash. (Hlasiwetz 
and Barth, Ann. Ch. Pharm. exxx. 346 ; Jahresb. 1864, p. 404.) 

Protocatechuic acid crystallises from aqueous solution in furcate groups of crystals 
and laminae (Strecker ) ; in thin prismatic crystals (Hlasiwetz and Pfaundler) ; 
in tufts of needles belonging to the monoclinic system (Hlasiwetz and Barth). The 
crystals (air-dried) contain C’H“0MI*0 and give off their 1 at. water at 100°. It 
dissolves in water, alcohol, and ether. The aqueous solution is coloured dark blue- 
green by ferric chloride, the colour changing to dark red on addition of alkalis. It 
reduces nitrate of silver with aid of heat, and on addition of ammonia, but does not 
reduce potassio-ouprie tartrnte [carbohydroquinonic acid separates cuprous oxide from 
the latter, iii. 216]. Tlie deliydratod acid melts at 199°, and is decomposed hy dry 
distillation into pyrocatechin (unmixed with hydroquinone) and carbonic anhydride : 
CTPO^ =r C-H^O* + CO". 

Maclurin (which is resolved by taking up the elements of water into protocatechuic 
acid and phloroglucin) is converted by nascent hydrogen evolved frona sulphuric acid 
and zinc, into machromi n C‘*H‘W, a white uncrystallisable body, which quickly turns 
blue under the influence of air, light, heat, and oxidising agents. It is probably formed 
from protocatechuic acid, according to the equation, 

2C^H«0< + H< ^ C*<H»W + 3H20. 

By the action of hydrogen in alkaline solution, on the other hand, maclurin is converted 
into an uncrystallisable body C‘^H*'*0*, probably formed from protocatechuic acid, as 
shown by the equation : 

2C^H'*0« + H« « C*«H'«0» + 3H*0. 
fHlasiwetz and Pfaundler, Bull. Soc, Chim, 1866, ii. 147.) 

The protocatechuates assume a fine violet colour when mixed with ferric salts 
Vroiocatechuate ofhariwm forms crystals containing C**H*®Ba'0“.5IPO (Hlasiwetz 
and Pfaundler), and becoming anhydi-ous at 160° (Hlasiwetz and Barth). 
—The edeium-sidt contains C‘*H‘«Ca"0».4lPO (Hlasiwetz and Pfaundler), 
C‘^H’®Ca"0®.3ir"0 (Hlasiwe tz and Barth). — With solution of ncuti'al acetate oiUad, 

the aqueous acid forms white flocks of a basic salt, C^^H^Pb-O^.Pb' O.H^O, which dis- 
solve in ammonia, potash, and acetic acid (Strecker). The latter solution when eya- 
pc*rated deposits colourless granules of the neutral salt C*^H*®Pb 0®.2H®0, which give 
off their 2 at. water at 1 40°, and dissolve with difficulty in acetic acid (Strecker). Ac- 
cording to Hlasiwetz and Barth, the precipitated lead-salt contains C'"H'‘>PbO®.2Pb"0. 

PROTO-COWCPOUlfllS. The prefix was originally used to denote the first 
of a series of l>inary compounds arranged according to the number of atoms of the 
electronegative element. In this sense, cuprou^ oxide, Cu*0, mercurous oxide Hg"0; 
and stannous oxide Sn"0, would be protoxides. At present, however, it is most 
commonly used .to designate that compound in a series which contains 1 at. of the electro- 
negative element, a sense which agrees with the former in most cases, but not in all ; 
stannous chloride Sn'Cl* for example, is a dichloride according to the lat^r significa- 
tion, a protochloride according to the former. (See Nomenclatubb, p. 123.) 

PROTOOZlfSa A granite occurring in Mont Blanc, consisting of quartz, ‘ortho- 
dase, oligoclase, talc, and mica. (Delease, Bull. Soc. g6olog. de la France [2]vi. 230.) 

PROVSTZTS. UgU red Silver ore. Lichter Rothgultigerz. Arseniksilberblende. 

3b 2 
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A sulpharsoiiite of silver occurring in rhonibohedral crystals, in which the principal 
a xis of K «= 0-8076, and the angle of the terminal edges = 107® 36'. The dominant 
faces are those of the scalenohedrous li® and li®, combined with the prism 00P2 and 
other faces. Cleavage tolerably distinct, parallel to R. Twins are of frequent occur- 
rence. The mineral also occurs granular. Hawlness —2 — 2*5. Specific gravity ss 
5*422 — 5*66. Lustre adamantine. Colotfr and streak cochineal -red. Sub transparent 
to subtranslucent. Fracture conchoidal to uneven. Before the blowppe it gives olf 
arsenical fumes and on charcoal ultimately leaves a globule of silver. Dissolves in 
nitric acid. Gives by analysis 19*61 per cent, sulphur, 15 09 arsenic, 0*69 antimony, 
and 64*67 silver, agreeing nearly with the formula Ag^AsS® or SAg^S.AsS* (H. Rose^ 
Pogg. Ann. XV. 472). 6».n;urs in Saxony at Johanngeorgcnsladt, Marienberg and 
Annaberg ; at Joacliimstlial in Bohemia; Wolfaeli in Baden ; Markirclien in Alsace j 
Chalanches in Dauphine ; Guadalcanal in Spain ; hLso in Mexico and Peru. 

PROVSnreS OZXi. A name applied to olive oil obtained by cold pressure from 
the ripe fruits immediately after gathering. 

PRITN'Slb&B 8ABT or Minim tabulatum. Fused saltpetre. 

PRUUrZia'. Syn. with Bassouix. (See Gum, ii. 955.) 

PRVlNriS'BRZTB. A greyish-violet variety of limestone, from Faroe. 

PRVZSrvS. Plum. — 1. Prunus d^meaUca . — The composition of several varieties of 
plum, as determined by Freseniiis and others, is given under Fruit (ii. 714, 715). 

The fleshy part of mussel plums has been found by Payen (J. Pharm. [3] xvi. 279) 
to contain 12*99 per cent, water, 0*73 per cent, nitrogen (in the fresh substance), and 
2*62 ash (in the dried substance). According to W. Tod (J. pr. Chem. Ixii. 603; 

Jahrosb. 1864, p. 665) fresh mussel plums contain 9*3 per cent, fleshy substance and 

7 per cent, stone. When dried at 100°, the flesh gave 60*7 and the stone 30*9 per cent, 
water, 100 parts of the fleshy substance and of the stones, both in the fresh state, 
yielded the following quantities of inorganic constituents : 

Soluble in water. Iniolublc In water. 

kG CuO K20 S03 f5o 3 CaO MgO WnO SiC? 

Flesh . . *011 *173 *085 *003 . . *003 *063 *010 *002 •OSft *002 = *407 

Stone *012 *026 *030 *021 *012 *014 . . *124 *040 *001 *064 *036 = *380 

Faisst {Jahresb. 1862, p. 811), found in dried French mnssel plums a, in Wurtem- 
bui^ mussel-plums of the first quality 6, and of second quality c, the following quan- 
tities of water, sugar, and acid : 



a. 

h. 

c. 

Water 

32*2 

27*9 

27 9 per cent. 

Sugar 

48*1 

66*3 

47*6 

Acid 

• . . . 2*6 

3*0 

3*9 


Asfi of Orleans Plwms (T. Richards 

on).*" 


Potash ••••'• 
Soda *•••«• 

LiroO • u m • -m • 

Magnesia . • . 

Sulphuric anhydride « 

Silicic „ ... 

Phosphoric „ . . • 

Ferric phosphate • 

Chloride of sodium • 

Entire 

fruit. 

Skin 

Flesh 

Kernel. 

Skin of 
seed. 

of fruit. 

69-21 

0*64 

10*04 

6*46 

3*83 

2*36 

12*26 

6*04 

trace 

08*86 

36*2 

8*26 

9*29 

1*96 

0*81 

9*86 

7*46 

64*59 

8*72 

4*86 

4*69 

3*23 

3*15 

15*44 

4*80 

0*62 

26*52 

1*94 

8*49 

16*17 

7*11 

2*38 

33*05 

3*83 

0*49 

21*69 

7*69 

28*06 

3*77 

6*61 

2*67 

25*24 

4*37 

trace 

99*74 

99*99 

100*10 

99*98 

100*00 

Ash per cent. .... 

0*40 

0*89 

0*31 

log 

0-24 


2. Prunus Mcdaheh . — The bark of this tree contains, besides the usual plant-con- 
stituents, an iron-greening tannin, an indifferent bitter principle, phlobapnene, cou^ 
matin and calcic oxalate. Dried at 100® it gave 11*2 per cent, ash, containing 6*79 per 

* Ann. Ch. Pharm. Ixvii., Anhang sum 8te Heft ; Jahresber. 1847-48, Tafel C tu S, 1076. 
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cfent. K*0 (with a little soda), 49-20 CaO, 3-44 MgO, 0-23 FoO, 0*04 Cl, 0*20 P*0», 

0- 90 SiO*, and 39-19 CO'^ (Kittol, Jaliresb. 1858, p. 625.) 

3. Prumts spinosa. — The Blackthorn or Sloe. Ripe sloes, treated successively with 
different solvents, yield 2*2 per cent, matter soluble in ether (iron-greening tannin, 
malic acid and calcium -salts, waxy fat, chlorophyll, and a small quantity of volatile 
oil) ; 4-8 per cent, matter soluble in cdcohol (sugar, iron-greening tannin, malic acid 
and calcium-salts, red colouring matter, green resin) ; 4-3 per cent, matter soluble in 
water (gum, pectin, malic, sulphuric, and phosphoric acids, combined with potash, 
lime, and magnesia; extractive matter); 1*7 per cent, soluble in hydrochlopic 
acid (ferric gallato, matter converted into humous substance, calcic and magnesic 
phosphates) ; 16'1 per cent, vtgetablo fibre (together with the stones, the kernels 
of which when treated with water yielded prussic acid) ; and 70-9 per cent, water. 
The colour of the ripe fruit is due to a purple-red subslunce separated on the inner 
surbieo of the skin, and ugreeing in all essential cliaracters with the red colouring 
matter of the grape. (J. B, Enz, Jahresb. 1857, p. 528). — According to Schreiner, 
ihid. 1856, 691), sloes contain malic acid, tartaric acid, and an iron-greening tannic 
acid. The fresli fruit yielded 65-1 per cent, water, an<l 0-72 per cent, ash, containing 
3-48 K*0, 4-3 Na*0, 9*6 CaO, 6-2 JVIgO, 0-9 IVO“, trace of MnO, 0-5 APO*, 9-3 Cl, 

1- 8 SO», 10*5 P*0^ 7-0 SiO^ and 24*1 CO\ 

PRUSSXAXr BXiUZS. lierlincrblau. Bleu dc Prusse, Bleu d4i Paris. — This 
well-known blue pigment consists essentially of hydrated ferric fcrrocyanide, 
Fe^Cy'®.18H'-0 = (bV")\Fc"Cy“)M 811*0, generally mixed with varying quantities of 
potassio-feiTOus ferrieyanide, XhV'Cy'* — (XFo")Fe"'Cy®. — It was accidentally dis- 
covered in 1704 by Uieslaieli, a colour-maker in Berlin, wdio was preparing b'lorentine 
lake by adding carbonate of potassium to a decoction of cochineal mixed with alum 
and ferrous sulphate, and used for the purpose, an alkali over which the empyreumatic 
oil of blood had been rectified for tlio preparation of Dij)pers animal oil. On ex- 
amining the conditions of its fonuatifiri, it was found that tlio blue colour could bo 
produced by calcining blood with pot.a.sh, and precipitating the ley thus obtained with 
ferrous sulphate. A more exact direction for its preparation was first given by 
Woodward of London in 1724. ITo deflagrated equal parts of tartar and saltpetre, 
calcined the residue with dried ox-blood, and precipitated the resulting alkaline ley 
with ferrous sulphate and alum, whereby a greenish precipitate was obtained, which 
tui-ned blue wiion treated with hydrochloric acid. 

Pure ferric ferroeyanide can be obtained by only one process, namely, by mixing a 
ferric salt wit h solution of ferroeyanide of potassium, keeping the former in excess, then 
washing and drying the precipita,te. The product thus obtained, which has a splendid 
dark blue colour, is often called Paru blue. 

For prcpai-ation on the largo scale, however, it is customary to use, instead of a 
pure ferric salt, a solution of ferrous sulphate (copperas) which lias been partially 
oxidised by exposure to the air, and subject the resulting bluish-white precipitate to 
the action of oridising agents. The product thus obtained is, as already observed, a 
mixture of ferric ferroeyanide with potassio-ferrous forricyanlde (ii. 228). A common 
mode of proceeding is to mix solutions of 100 pis. ferroeyanide of potassium and 80 
ferrous sulphate at the ordinary temjiorature, wash the precipitate with water ; heat it 
with water to the boiling point, add 30 pts. nitric acid of 28^ Bm., and from 15 to 30 
pts. oil of vitriol, then wash the precipitate and dry it by heat. (Geutolo, Dingl. 
polyt. J. Ixi. 462.) 

This process does not, hoAvover, yield a very fine blue. A better product is obtained 
by oxidising the white precipitate: a. With nitro-muriatic acid. — h. With /erriic 
chloride, which is thereby reduced to forrous chloride, and may bo used again for 
precipitating a solution of tlie ferroeyanide. The solution of ferric chloride may bo 
prepared by digi.^stiiig red or brown luematite, free from lime and clay, or the basic 
ferric sulphate obtained as a residue in the jireparation of Nordhauseri sulphuric acid, 
ill crude hydrochloric acid. The white precipitate, after filtration, and while still of a 
pasty consistence, is heated in a eoppor vessel to the boiling heat, thou quickly turned 
but into a tub, and well mixed by stirring with the solution of ferric chloride till it 
has acquired its full depth of colour. The liquid, which contains ferric as well as 
ferrous chloride, is separated liy filtration or decantation, and digested with pieces of 
iron to reduce it completely to ferrous chloride. 

c. By a solution of manganic chloride, which is thereby reduced to manganous chloride. 
The economy of this method depends upon local cinmmstances. As the commercial 
value of manganese-ores diqiends upon tlio proportion of peroxide, MnO-, which they 
contain, and in the common ores this oxide is often mixed with a considerable queutity 
,of inaugaric oxide, which may be extracted by cold hydrochloric acid in the form of 
ihanganic chloride, this treatment may be applied so as actually to increase the value 
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of the ores (that is, their clilorine-producing power), and at tlio same time obtain a 
solution adapted for converting the white precipitate into Prussian blue. 

d. By chromic odd. —The white precipitate is heated to the boiling temperature 
and mixed witli an oxidising liquid prepared by dissolving 10 pts. dichromate of 
potassium in 10 pts. hot water, and adding to it when cold 13J pts. oil of vitriol, till 
it has acquired its full depth of colour. The ^omic acid is thereby reduced to 
chromic oxide, a compound which possesses considerable value as a colouring ma^^ter. 

Whatever be the oxidising agent used, it is essential to the production of a fine 
colour that the white precipitate be convort,ed into Prussian blue entirely by its agency, 
and not by atmospheric oxidation. For this reason the ferrous sulphate must bo as 
free as possible from ferric salt, which end is best attained by placing some scraps of 
metallic iron in the vessel in which the solution is left to clarify before use, by which 
also any copper that it may contain is precipitated ; and the wliite precipitate, as soon 
as formed, must bo filtered as quickly as possible, and immediately subjected to the 
action of the oxidising liquid. (W agnor’s Jahnsbcricht dtr Chemischen Technologies 
1855, p. 88.) 

Common or basic Prussian blue is an inferior article prepared by the following 
process, which is the oldest of all the methods. A solution of 1 pt. ferrous sulphate 
and 2 to 4 pts. alum is precipitated by solution of ferrocyanido of potassium prepared 
as described under Cyanides (iii. 231), and the dark-colourcd precipitate, consisting of 
a mixture of alumina, ferrocyanide of iron and potassiinn, and hydrated sulphide of 
iron, is washed with cold water, till by tho action of t-he air, tho sulphide of iron is 
converted into ferrous sulphate, and washed away, and the p(»tassio-ferrous ferrocy- 
anide is converted, with loss of ferrocyanide of potassium (ii. 228), into Prussian blue. 
The chief use of the alum is to saturate the free alkali contained in the crude solution 
of the yellow prussiate, and prevent it from forming a precipitat e of oxide of iron, 
which by its red-brown colour would spoil the blue. The precipitated alumina renders 
the blue paler, but on tho other hand, it adds to the weight of the product. Prussian 
blue thus prepared may be freed from the greater part of the alumina, basic ferric 
sulphate, potassium-salts, and other impurities, by digestion with dilute sulphuric acid, 
and subsequent washing (Turner) ; or by dissolving it in strong sulphuric acid, pre- 
cipitating with water, then digesting it in hydrochloric acid, and again washing with 
water. (Berzelius, Lehrbvch . ) 

Attempte have been made to utilise the waste lime and lime-liquors of gas works 
for the preparation of yellow prussiate and Prussian blue. This gas-lime contains 
cyanide of calcium and cyanide of ammonium, as well as free ammonia. Tho latter is 
expelled by the action of steam; the residue is lixiviated with water ; and the solu- 
tion, which contains the cyanides, is converted by addition of iron-salts into ferrocy- 
anides and Prussian blue. A patent for this use of gas lime was taken out in this 
country by Mr. Spence in 1837, and a similar process was patented in France by 
Krafft in 18 35 (Dingl. polyt. J. cxxxv. 393). According to Krafft, 1,000 pounds 
of gas-lime may be nnide to yield from 12 to 15 pounds of Prussian blue and 16 to 20 
pounds of ammonia-salts. 

According to Pobl (J. pr. Chim. Ixiii. 382), Prussian blue is sometimes adulterated 
with starch turned blue by iodine. This (somewhat improbable) adulteration may 
be detected, if in large quantity, by the smell of hydriodic acid emitted on boiling the 
substance with wati^r, and if in smaller quantity, by holding in the mouth of the test- 
tube in which the Prussian blue is boiled, a strip of starched paper moistened with 
very dilute hydrochloric acid ; if iodine is present the paper will be turned blue, 
Prussian blue is sometimes also adulterated with chalk, gypsum and clay. 

Properties. — Pure Prussian blue has a very dark blue colour. It usually occurs in 
hard brittle lumps having a coppery lustre and conchoidal fracture. It is very hygro- 
scopic, inodorous, tasteless and not poisonous. When contaminated with alumina, 
clay, &c., it has a paler colour and more earthy fracture. As a pigment, Prussian blue 
possesses great body and covering power. It is extensively used both alone and mixed 
with other colours. With chrome-yellow it forms a delicate green called green 
cinnabar. Respecting the reactions of Prussian blue, see Cyanides of IboN 
(ii. 228). 

VHtrssxO AOn>. Syn. with Hydbocyanic Acm and Cyanide of Hydbooen 
(ii. 214). 

FAUSSnr OP Prussian, A name applied by Graham to a hypothetical radicle, 
Cy* or Pr, polymeric with cyanogen, which may be supposed to exist in the 
ferro-and ferri^’anides ; e.g. [Fe** 28], frrroprussic acid * (H“Fe)Pr ; ferrii^anide of 
potassium, (K*Fe‘‘*)Pr, &:c. &c. 

FAZZBRAMXTB. A name sometimes applied to blende, Zn^S ; also to a variety 
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of gothite, Fe®0*.H20, called sammet-hlendet both of which occur at Przibram in 
Bohemia. 

PSATY'ltllff', Syn. with Hartin (iii. 14). 

PSSUDO-ACSTZC ACZS. Syn. with Butyracetiu Acid (i. 688). 

PSBITDO-AXiBXTZ!. Syn. with Andrsin (i. 291). 

PSBOBO-AZiKABmB. Syn. with Anchvsin (i. 290). 

PSBimO-APATZTB. Opaque crystals of partially decomposed apatite &om the 
Churprinz mine near Freiberg. 

PSEtTBOBXTTTXiZC AX-COBOB. SeeTKTRYric Arconors. 

PSBUDOCBBTSOZiXTB. A green obsidian from Moldauthein in Bohemia. 

PSBirX^OCBXXAXXr. A name given by Waidiigtoii and Franeis to an amorphous 
neutral fatty substance obtained by saponifying beeswax with potash, and precipitating 
with an acid. (Handw. d. Chem. vi. 682.) 

PSEUBOCUBABZB'B. (J. Lakowski, R6p. Chim. app. iii. 77.)— An alkaloid 
obtained, together with ole an dr ine, from the leaves and branches of the oleander. 
(^Ncrmn OUander). By exactly precipitating the concentrated aqueous decoction with 
tannic acid, washing the precipitate with a little cold water, and then treating it w'ith 
aqueous tannic acid for a short timo only, tannate of pseudo-curarine is obtained 
in solution, while tannate of oleandrine remains behind. 

The solution of the former is boiled with finely pulverised litharge, the filtrate 
evaporated nearly to dryness, the residue freed from olean(b*ino by ether, and the por- 
tion insoluble in that liquid is dissolved by alcohol. 

On evaporating tho alcoholic solution, jiseudo-curarin e remains as a yellowish, 
tasteless, inodorous varnish, very soluble in witer and in alcohol, insoluble in ether, 
and non-volatile. It neutralises strong acids, but does not form crystallisable salts. 
Tho solutions are precipitated by mercuric and platinic chlorides. Pseudo-curarine 
appears to have no action on the animal organism. 

The tannate of oleandrine UTt undissolved as above is taken up by ether ; and the 
solution is tivated with quicklime, whicli precipitates tannic acid and chlorophyll. On 
leaving tlie filtrate to evaporate, oleandrine is obtained ns a slightly yellowish resi- 
nous, very bitter substance, aliglitly soluble in water, easily soluble in alcohol and in 
ether. It appears to form uncrystallisablo salts, the solutions of which are precipitated 
by the chlorides of gold and platinum. Oleandrine acts as a local irritant, producing 
violent sneezing, vomiting, purging, and intermittent tetanus, sometimes with fatal 
results. When injected into the jugular vein of a dog or a rabbit it quickly destroys 
life. 

PSBinDOBXAXiXi'rB-ABCOBOB. Soo Sbcondary Alcohols. 

PSBXmO-BRTTKXtXXr, An old name of othylic orsellinato (p. 236). 

PSBITDOBBXYXr-AZiCOBOB or Dudlylio Monohydratr. See Secondary 
Alcohols. 

P8Biri>0-RBXTB-GBTC0B or Diedlylio Dihydratc. Soo Sbcondauy Alcohols. 

P8BIIl>OBBUCXXrB. See Leucine (iii. 582). 

P8Bin>OZiZBBTBBBriTB. Cu’P'0^CuH^0^.1P0. (See Fhosphatbs of 
Copper, p. 661.) 

PSBmzOBKABACBXTB. Syn. with Phosphocalcite, Cu*P*0".3CufP0* 
(p. 661). 

P8BirB01MI0BPB. A mineral having a definite form, belonging, not to the 
substance of which it actually consists, but to some other substance which has 
wholly or partly disappeared. Pseudomorphs have been classed under four principal 
heads: — 

1. Pseudomorphs hy alteration ; those formed by a gradual change of composition in 
the species, as when augite is altered to steatite. 

2. By substitution : those formed by the replacement of a mineral or other substance 
which has been removed, or is gradually undei^oing removal ; e.g. the petrification of 
wood. 

3. By incrustraiion : those formed by the incrustration of a crystal, which may be 
subsequently dissolved away, the cavity often being subsequently filled by infiltration; 
t^g. the change of fluor-spar to quartz. 

4. By paramorphism : those fonned when a mineral passes from one dimorphous 
State to another change of arr.igonite to culcspar. (See Geology, Chemistry of, 
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ii. 833-836; also Dana’s i. 222, where a table of pseudpmorphs Is 

given.) 

VSmmOMOBPBXM’fi. See Morfuinb (iii. 1051). 

PSBXrDO-OBCZMr. Syn. with ERTTKROMiLNNrrB (ii. 504). 

PSBimO-PBOPTUC AXiCOBOB. See Tritylic Aixohols. 

PSBITBOPKZTB. A eerpcntine-like mineral from the Zdjar mountain near 
Aloysthal in Moravia: of specific gravity *as2*75 — 2*77, and containing, according to 
Hauer, 33*42 per cent. SiO*, 15*42 AFO®, 34*04 MgO, 2*58 FoO, and 12*68 water, 
whence the formula 3(2MgO.SiO*)(AFO®.SiO*) + 6H*0. (Keuugott, Wien. Akad. 
Her. xvi. 170.) 

PS&tri>OPVllPXniZM'. See PURPURIN. 

PSEtTDOQXTARTZZTB. A rock occurring in the Val-de-Tignes (Tarentaise in 
Savoy), very compact, of greyish white colour, and consisting of slender laminae inter- 
laced and cemented togellier by a quartz-like substance. Specific gravity = 2*704. 
Contains 79*90>ppr cent. SiO^ 15*63 A1*0^ 0*44 Fe*0*. trace of lime, 0*94 MgO, 
2*72 K'^O (with trace of soda), trace of chlorine, and 1*58 water. (A. Terreil, Compt. 
rend. liii. 120; Jahresb. 1861, p. 1082.) 

PBBlTSOQlJZlffZlffB. A peculiar base said to have been obtained byMen- 
garduque (Compt. rend, xxvii. 221) from a cinchona extract of unknown origin. It 
neutralised acids completely, decomposed ammonium-salts, was iiisolublo in ether and 
in w'ator, but soluble in alcohol, from which it crystallised in irregular prisms. Its 
solution in chlorine-water assumed a reddish-yellow colour on addition of ammonia, 
whereas quinine similarly treated turns green. It was tasteless, and its sulphate, 
which crystalh'scd in flat prisms, was scarcely bitter. The base gave by analysis 
76*6 per cunt, carbon, 8*15 hydrogen, and 10*3 nitrogen. 

P8BXn>OSTSAROPT£ZrBS. A term applied by Klotzsch (J. pr. Ch cm. 
Iv. 242) to the solid crystalline bodies separated by reduction of temperature from 
certain volatile oils and rosins, and distinguished from the true stcaroptenes by 
their greater solubility in hot water; such are the alyxiu-camphor from M//sia aro- 
9naiica; geranium- camphor from Pelargonium odoraihaimumt coumarin, the camphor 
of AntJwxanthum odorat am ; auricula or primrose camphor from Primal a Auricula, and 
the camphors of several otlier sptjcies of the same genus. These pseudo-stcaroptenes 
often separate on the outer surfitce of the plants, as in Primula and CervjAeris. 

PSSUBOSTZSATZTB. A mineral externally resembling talc, filling a cleft of 
the serpentine of Bathgate (Linlithgowshire). It is brittle, unctuous to the to^lch, 
has an uneven fracture; hardness =2*2, and specific gravity = 2*469. Two analyses, 
a by Thomson, h by Binney (Edinb. Phil. J, 1862, xvi. 55), gave : 



SI 02 

A 1203. 

CaO. 

MgO. 

FeO. 

H20. 


a. 

41-89 

22*05 

2*42 

6*16 

6*62 

20*22 

« 99*36 

b. 

42*78 

22*53 

2*54 

6*76 

6*31 

18*68 

= 99*60 


PSBITSOSir&PHOCYAXiroCSXir. Syn. with Pebsvlpuocyanogen (p. 380). 

PSBITBOTAXiCZTE. A mineral from the Val d’Arbonne (Tarentuise in Savoy), 
appearing under the microscope to consist of greenish, transparent, crystalline laminse 
and small pyramidal quartz-crystals. Before the blowpipe it loses its greenish colour, 
and in small pieces melts easily to a stony -vitreous whitish ma.ss. According to 
Terreil (Compt. rend. liii. 120) it contains 85*96 per cent, silica, 8*50 alumina, 1*40 
ferric oiide, 0*77 lime, 1*31 magnesia, and 2*66 potash, with a trace of soda 
(« 100 60). 

FSBVBOTOXZarS. The name applied by Brandes to a light yellow poisonous 
extract prepared from belladonna leaves; soluble in water and aqueous alcohol, inso- 
luble in ether and in absolute ulcoliol, prccipitjited by tincture of galls and acetate of 
lead, coloured green by iron -salts. It is not a pure substance, and owes its poisonous 
action to the presence of atropine. (Handw, vi. 683.) 

PSBTTDO-irRZC ACZS, (Schlieper and Bayer, Instit. 1860, p. 182; 

Jahresb. 1860, p. 327.)— -A.n acid obtained bv the action of potassium-cyanato on 
dialuraihide (uramil). Its potassium-salt is deposited in the crystalline form when 
dialuramide (or murexidc) is heated with excess of potassium-cyanate till the liquid no 
longer turns red on exposure to the air; and on mixing the solution of the recrystallised 
salt in potash-ley with hydrochloric acid, the pseudo-uric acid is precipitated as a white 
crystalline powder made up of small prisms. It does not lose weight at 100°, is 
tasteless and inodorous, very slightly soluble in water, but easily soluble in caustic 
alkalis. It decomposes cai-bonates and acetates, and readily yields alloxan when 
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When suspended in water and heated with pemxide of lead 
It gives off carbonic anhydride, and yields oxalate and pseudo-urate of lead but no 
the mother-liquors probably contain oxaliirate of lead as well as urea. 

1 ““ "btained by the action of the acid on the cor- 

«itfon of liiaiaLM;rn 

?H'(Nir')N;0‘.H’o, crystallises from the solution of the acid 

tIT. 1 ooi J: ')‘>«te ammonia and do not take up an additional quantity of ammonia. 

® ® crystiU isahon-water till lieated above 100’; at 130’ it turns 

Tilt T^e a»-!<'i»«-.«*sresemblotlieanimonium- 

give up their water till healed alsive 1 10’, and .leeouipasc and turn red at 180“.— 
Ihe wrfiMOT-sali! G H NaN;0*.2ir-0, forms cauliflowor-like groups of prisms, rasilv 
soluble in hot water, and giving off their water of cryslallisatioii at 140° From its 
solution in caustic soda it separates in the amorphous state, but without change of 
composition. b 

The baruim-salt, C ‘’H‘«:Ba"N«0».6lI-0, form.s spherical groups of long slender 
needles. The is obtained in fine prisms on precipitating the solution of 

either of the alkali-metal sails with chloritle of calcium. 

The cupric, merctirous, mf rcuric, and M-salis are also crysUllisablo, the last with 
1 at. water ; the silver-salt is very easily decornposiblo. 


^ ATRXHTIS. G‘^rP“N'^0*? — A resinous substance obtained from 
sabadilla-soeds : also called Vera fr in-resin, and Hdonine (from Heionias officinalis, the 
plam supposed to yield these seeds). It is prepared by treating the alcoholic extract 
of the seeds with water contain! tig sulphuric acid, adding nitric acid by drops to the acid 
luiuid, decanting the solution from the pitchy substance thereby separated, and pre- 
cipitating with jMjtash. The resulting precipitate is dissolved in alcohol, and the 
yellow resinous mass which remains on evaporating oft* the alcohol, is treated with 
water to extract sabadillino, and with ether to extract veratri no. Pseudoveratrine then 
rotnains behind. It is a brown substance, solid at ordinary temperatures, melting at 
185°, and decomposing at a higher temperature, with evolution of nitrogenous pro- 
ducts. It is soluble in alcohol, insoluble in water and in other. It dissolves in acids, 
but does not neutralise them. (Goner be, Ami. Ch. Phys. [2] lii. 352.) 

PSXXiOXMCBXijflLXari:. See Manoanese, Oxides of (iii. 812). 

PSORliXilSA. The undriod root of Psoralca escidenta contains 0*63 nitrogen and 
1*67 ash (Pay on, Jahrosb. 1849, p. 708). — Psora! ea gland ulosa or Ilex paragiiagensig 
is the plant whoso dried loaves yield Paraguay-tea (p. 349). Accoiding to Lenobl e 
(J. Phann. [3] xviii. 199), this substanco contains a peculiar cry shtlli sable nitroge- 
nous body which he calls psoraUine ; but it is doubtless identical with cajfeine, which 
has been shown by Stenhouse to exist in the dried leaves to the amount of I'l to 1*2 
per cent. 


PTBXilSTXi. G-’H®.- ~A radicle suppo.sed by Kano to exist in the mosityleno- 
compouuds: thus, trichloromosityleno G'lPCP was regarded as chloride of nlelevl. 
C»H»G1. 


PTBBZTABirZC ACZD. G“»H»«0«? (Luck, Jahrb. pr. Pharm. xxii. 173; 
Gm. XV. 600.)— All acid contained, together with tannaspidic acid, in tlie root of 
Aspidium Filix ma^. When tlio coarsely pounded root is boiled with alcohol of 7o to 
80 per cent, and the decoction is mix(‘d with water, a small quantity of hydrochloric 
acid, and pulverised sulphate of sodium, a precipitate is formed containing the two 
acids. This precipitate is collected, washed with solution of sodic sulphate, pressed, 
again triturated with water, and digested for half an lioiu* at 60° — 80°, with water 
containing hydrochloric acid, whereby ammonia and other bases are removed. The 
residue washed with water, dried, and exhausted with ether free from alcohol, yields a 
solution of pteritaimic acid and a residue of tannaspidic acid. The ethereal solution - 
leaves on evaporation a black-brown residue, which is digested with distilled mineral 
naphtha as long as the oil is thereby coloured brown. The undissolve<l powder is 
collected, pressed, triturated and boiled with water, the resinous cake is dissolved in 
ether, and the solution is evaporated. 

Pteritannic acid thus obtained is a black-brown, amorphous, shining mass, yielding a 
fawn-coloured electric powder. It is tasteless, but has a faint odour and slight acid 
reaction ; insoluble in water, but soluble in alcohol and ether. The alcoholic solution 
forms brown precipitates with the chlorides of barium and calcium, and green precipi- 
tates with ferrous and ferric salts. With basic acetate of lead or with excess of the 
neutral acetate, it forms a precipitate containing C*^H'"Pb"0*, and the liquid filtered 
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therefrom yields with ammonia a precipitate containing 2C*^H“Pb''O^PlylPO* ; by 
precipitation with a smaller quantity of the neutral acetate, an acid salt is formed 
containing C*^H"Pb"0'».C’^*H»®0* ? 

2'etracMoropteritannic acid, C**H“CPO*, is a light loam-coloured powder obtained 
by passing chlorine into water containing pteritHnnic acid in solution. It reacts with 
metallic salts like the latter. The alcoholic solution yields with basic acetate of lead 
a salt containing C*^H-^Pb"C1^0®.H*0 . — HexcMoropteritannic acid, C*^H®^C1®0", is 
obtained, as an orange-coloured powder, by the action of diy chlorine on pteri tannic 
acid. Its alcoholic solution yields with basic ac(‘tate of lead a precipitate containing 
C*'IP*Pb''01«0».H^'0. 

So-called Ethi/lpt<ritanmc acid. When a solution of ptcritannic acid in absolute 
alcohol is boiled with a small quantity of hydrocliloric acid, a purple-red solution is 
formed which, when mixed with a small quantity of water, deposits a black-red resin 
containing and when dropt, with agitation, into a large quantity of water 

yields a light purple powder having the comix)sition Luck regards these 

products as containing respectively 6®W**0** = and » 

*l(y*H^*0\C*7r'0.H0 ; but neither of them has actually been resolved into pteri tannic 
acid and alcohol. 

PTYAXiXir. A sulphuretted albuminous substance contained in the saliva of tlie 
parotid gland ; it differs in some of its reactions from albumin, mucin, and casein. 
(Covacs, J. Pliarm. [3] xlii. 92.) 

PTirCBOTZS iUOWjBLUr. An umbelliferous plant growing abundantly in 
Bsgpootanah and otlier parts of Central India, and well known for its aromatic and 
carminative properties. The seeds, which resemble those of the caraway, excepting 
that they are much smaller, have a very agreeable odour, like that of thyme-oil, and 
wlien repeatedly distilled with water, yield an essential oil amounting to 5 or 6 per 
cent, of their weight and consisting of a hydrocarbon isomeric with oil of turpentine^ 
holding in solution a camphor or stoaroptene identical with thymol {q. v.). 

The hydrocarbon separateu by fractional distillation and purified by treatment with 
chloride of calcium, potash, and potassium, is a colourless aromatic oil boiling at 172°, 
and having a density of 0*854 at 12^. When treated with hydrochloric acid, it yields, 
not a crystalline compound, but a brown mobile liquid. (Stenhouse, Ann. Cli. 
Fharm. xciii. 269; xcviii. 307 ; Chem. Soc. Qu. J. ix. 234. — Haines, Chem. Soc. Qn. 
J. viii. 289.) 

PirccZSTS. A doubtful alkaloid said to exist, together with san^inarine and 
another alkaloid, called porohyroxine, in the root of ^nguinaria canadensis, (G. D. 
Gibb, Pharm. J. Trans. [2] i. 464.) 

PVOB&ZWa. See Iron (iii. 347). 

PUB8ATZXi&il.-CBXM[PBOB. Syn. with Anbmonin (i. 291). 

PirxiCZCB. See Obsidian (p. 169). 

PVSrAHJbZTZI. Syn. with Poonahditb (p. 688), 

PVirZCA. The root-bark of the pomegranate {Punica Granatum) yields when 
air-dried, 13*22 per cent., and when dried at 100°, 16*02 per cent, ash, containing 
4*75 K*0 (with trac^.e of soda), 48*87 CaO, 1*84 MgO, 0*76 hVO», 2*12 P*0®, 3*29 SiO*, 
0*98 SO*, 0*46 Cl and 38*76 CO'^ (Spiess, Jahrosb. 1860, p. 650.) 

PirarZCZM'. An acrid uncrystalli sable substance obtained from the bark of the 
pomegranate tree. (Eighini, J. Pharm. [3] v. 298.) 

PVBPBlIf AmZiXSarS. See Anilinb-dtes under Phbntlaminb (p. 466). 

PITBPBII OP CASSIirS. See Gold-fubtIvE (ii. 938). 

PUBPJbB COPPSB. Variegated Copper. Erulescite, A native sulphide of 
copper and iron (ii. 78). 

PITBP&ll OBVORZW. A term applied by Stokes (Proc. Hoy. Soc. xiii. 357) 
to the colouring matter* (cruorin) of the blood when partially deoxidised ; in its more 
highly oxidised state, it is called scarlet cruorin. 

PITBPOXATBSt Sclieele, in 1776, observed that the solution of uric acid in 
nitric acid reddened the skin and left a deep-red residue when evaporated. Prout, 
in 1818 , obtained this colouring matter in tne crystalline form, and regarded it as the 
ammonium-salt of a peculiar acid, purpurie acid: by double decomposition he 
succeeded in obtaining other metallic purpurates, which were similarly coloured. He 
regarded the colourless substance which is separated from purpurate of ammonium by 
strong acids (murexan) as purpuric acid. Liebig and Wohler (Ann. Ch. Pharm. 
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xxvi. 819), showed that Prout’s purpuric acid did not possess the property of forming 
coloured salts, and so could not be considered as the acid of the purpurates; further, 
tluy regarded Prout’s compound, not as an ammonium-salt but as an amide, and pro- 
posed to designate it murexide. Later researches, however, by Pritzsclie (J. pr. 
Chem. xvi. 380; xvii. 42), and Beils tein (Ann. Ch. Pharm. evii. 176), tend to es- 
tablish it as a true ammonium-salt. 

Purpuric acid lias never been isolated, being decomposed when its salts are treated 
with a stronger acid. Taking the formula of the ammonium-salt as C“H"N®P“ =■ 
0*’H^(NH^)N*0®, the acid is represented by the formula Laurent 

((;5orapt. rend. xxxv. 629) regards it as miircxanie acid, the amic acid of alloxantin or 
murexic acid. Beilstein considers it as a dibasic acid, and regju’ds murexide and other 
normal purpurates ns acid salts. 

Purpurates are all distinguished by their splendid purple colour; many are gold- 
green by reflected light. 

Pur pur ate of Ammonium or Murexide . — This salt is formed in a great 
variety of circumstances: — 1. By heating dialurat4i of ainmonium: 2C*H®N*0® +. O = 
C“H'*N®0® + H“0 (ii. 315). — 2. By the oxidation of dialuramide by the oxides of 
silver or mercury. — 3. By exposing to the air, or adding, alloxan to, an ammoiiiacal 
solution of dialuramide: + 2NIP = + H*0» — 4. By the action 

of ammonia on alloxantin (i. 139). — 5. By exposing to the air an ammoniacal solution 
of murexan. A solution of uric acid in dilute nitric acid, as it contains alloxan and 
alloxantin, yields purpurate of ammonium on addition of ammonia. It is by this 
process that murexide is preparfd on the manufacturing scale for use in dyeing. 
According to Beilstein, the best method of preparing murexide is by the action of 
mercuric oxide on dialuramide. 4 pts. of dialuramide and S pts. of mercuric oxide are 
dissolved in 30 to 40 pts. of water, a little ammonia is added, and the whole is boiled 
for a few minutes, and filtered off ; the filtrate on cooling deposits crystals of murexide, 
the quantity of which is increased by adding carbonate of ammonium when the liquid 
is nearly cool. Gregory prepares it by dissolving 4 pts. alloxantin and 7 pts. tetra- 
hydrated alloxan in 240 pts. boiling water, and adding 80 pts. of a cold saturated 
solution of carbonate of ammonium. Fritzsche’s method of adding carbonate of ammo- 
nium to a boiling solution of alloxan probably depends upon the formation of alloxan- 
tin by the action of licat on the alloxan-solution, since with pure alloxan no murexide 
is obtained. Ginelin obtains it by the long-continued action of dry ammonia on 
finely-pounded alloxantin, the resulting brown-red mass being repeatedly pulverised, 
and exposed anew to the action of the gas; the free ammonia is then removed, and the 
product dissolved in as little hot water as possible, and crystallised. 

Purpurate of ammonium crystallises hi four-sided prisms, which are g.arnet-coloured 
by transmitted, rich gold-green by reflected, liglit. They contain 1 at. (6'54 per cent.) 
water of crystallisation, which they lose when heated to 100-', or when dried in vacuo 
over sulphuric acid ; they are then converted into a brown-red powder, which acquires 
under the burnisher a green colour and luetullic lustre. It is slightly soluble in cold 
watery more easily in hot water, forming a splendid purple solution ; insoluble in 
alcohol or ether. The aqueous solution of purpurate of ammonium is decomposed by 
hydrochloric or sulphuric acid, murexan being precipitated, while the supernatant 
liquid contains alloxan, alloxantin, urea, and ammonia. Purpurate of ntnmonium 
dissolves in cold j^tash with evolution of ammonia, forming an indigo-blue solution, 
which is decolorised by heat, after which the addition of sulphuric acid precipitates 
murexan. Nitric acid converts murexide into alloxan. An aqueous solution of 
murexide is decomposed by sulphuretted- hydrogen^ murexan being precipitated, while 
the supernatant liquid contains alloxantin and dialuric acid; no hydrosulphate of 
ammonium is formed. Heated with cyanate of potassiumy it yields pseudo-urate of 
potassium (p. 746). 

Various formulae have been proposed for purpurate of ammonium. Liebig and Wohler 
give Kodweiss, C»H‘N"0‘; Fritzscho, That adopted by 

Cimelin, Gerhart, Laurent, Beilstein, &c., and now generally accepted, is C^H^N^O®. 
The following are the results of analysis : 


c* 

96 

Calc. 

33-80 

Kodweisi 
at 100®. 
38-96 

L. and W. 
34-08 

Liebig. 

34-4 

FrlUsche 
at 100®. 
34-93 

Beilstein 
at 160 °. 

34-18 


8 

2-82 

2-70 

3-00 

3-0 

2-83 

3-11 

N® 

84 

29-58 

36-34 

32-90 

31-8 

30-80 

30-35 

0® 

96 

33-80 

22-00 

30-02 

30-8 

31*44 

32-36 

CTI»N*0» 

284 

100-00 

100-00 

100-00 

loo-o 

100-00 

100-00 


Murexide is used m dyeing for the . production of various shades of red, putple, and 
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yellow. Its solution mixed with mercuric salts produces fine ?ed and purple colours on 
silk, wool, cotton, and leather ; and with zinc-salts it yields orange and yellow colours. 
The colours thus obtained are very fresh and brilliant, and may be exposed to light 
without fading; they are however excessively sensitive to the action of sulphurous acid, 
which tarnishes and discolours them with extreme rapidity. This is a great drawback 
to their employment in places where the use of coal-gas ims become general. 

A few years ago, murexide was very largely nsed for dyeing and calico-printing, the 
weekly yield of one factory alone, that of Mr.Rumney of Mancliester, having amounted 
to no less than 12 cwt. ; but it has since been nearly driven out of the field by the 
aniline colours. {Report on Murexide-dyeing by E. Kopp, Rep. Chim. app. i. 79; 
also Hofmann's Report, 1862, p. 118.— Jahresb. 1857, p. 649 ; 1868, p. 671 ; 186o’, 

p. 762.) 

Turpurate of Potassium, C“H^KN*0*. — Obtained as a brown-red crystalline 
powder, when concentrated solutions of purpurato of ammonium and nitrate of potas- 
sium are mixed together ; when freed from murexide by boiling with nitre, and re- 
crystallised, it is obtained in crystals resembling those of the ammonium-salt, but 
darker. It is slightly soluble in water, still less m sjiline solutions. AftiT drying at 
100° it loses 3*04 per cent, water at 300° (Eritzselio) ; 2-95 per cent. (Boilstein). 
The deep blue colour of a solution of murexide in cold potash appears to be owing to 
the presence of a basic potassium-salt. 

The sodium-salt, C‘‘H^NaN*0*, is obtained like the potassium-salt. 

The barium- salt, C“*H*Ba"N*‘*0'*, is obtained by precipitating acetate of barium 
with murexide. It is a dark-green powder, which becomes purplo-rod when triturated ; 
slightly soluble in water, forming a purple solution. At 100“ it loses 878 per cent, 
water. 

The strontium- and calcium-salts are similarly obtained with nitrate of 
strontium and chloride of calcium. They are slightly soluble with a purple colour. 

The magnesium- salt is very soluble, with purple colour. 

The lead -salt has not been obtained pure. Murexide added to an acid solution of 
acetate of load gives a red solution which gradually deposits red crystals which aro not 
homogeneous. 

Silver-salts , — ^The mono-argentic salt, C*H^AgN‘0®, is obtained when a rather 
dilute solution of murexide is added to a dilute solution of nitrate ot silver acidulated 
with nitric acid.« It forms crystals resembling those of the ammonium-salt ; it gives 
olf its water (671 per cent.) at 100°. 

A di-argentic salt, C®H*Ag*N®0®, is obtained as a brown-red powder by precipitating 
a cold saturated solution of murexide with nitrate of silver. With ammoniac.al nitrate 
of silver, murexide yields a deep violet precipitate containing C®H®Ag“N®0®.2Ag®0. 
(Beilstein.) 

A solution of murexide is coloured yellow, but not precipitated, by trichloride of 
gold or tetrachloride of platinum. (Beilstein.) E. T. C. 

Xsopurparates. C"H^MN®0® (iii. 433). — These salts, produced by the action of 
cyanide of potassium (and other cyanides) on picric acid, have the same composition 
as the purpurates, and resemble them very closely in their properties ; indeed isopur- 
purate of ammonium is nndistinguishable from murexide, and according to E. Kopp 
may be used for dyeing in the same way as the latter. 

XlXetapiirpurates, (Pfaundlerand Oppenheim, Bull. Soc. Chim. 
1866, ii. 99.) — ^The potassium-salt, C®H*KN*0®, is produced by the action of cyanide of 
potassium on dinitrophenic acid, and differs from the purpurate or isopiirpurate, 
C®H^KN*0*, in the same manner as dinitrophenic acid differs from trinitrophenic 
(picric) acid, that is to say, by containing 1 at. hydrogen more, and 1 at. nitivl less. 
It is prepared by dropping a solution of potassium-cyanide heated to 60° into an 
aqueous or alcoholic solution of dinitrophenic acid, and separates on cooling in the 
form of a verj^ dark-coloured cryst^illine powder. It may be purified by washing with 
a small quantity of cold water, recrystallisation from warm water, then pressing it in 
a cloth and drying over oil of vitriol. When moist or in solution, it is very unstable, 
being decomposed at the temperature of the water-bath, but if once dined in the air, it 
may be heated to 100° without decomposition; at that temperature it retains 1 at. 
water of crystallisation, which it gives off (7’31 per cent.) at 160°. 

V The solution of this potassium-salt gives dark-brown precipitates with most metallic 
solutions and with the chlorides of barium and strontium. The silver-salt, C^H^AgN^O 
which is red and has a green metallic lustre, obstinately retains a portion of the 
|)Otas8ium-'8aIt used in its preparation. 

rnwiiwiiir or yVKPtntafflUXBB. (Stenhousc, Proc. Boy. Soc. [1863] 
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%\i. 633; xiii. 145. — Sdiiitzenbergor and Schiffort; Bull. Soo. industr, de 
Mulliouse, 1864, p. 70; Jahresb. 1864, p. 543.) — A product fornn d by tho action of 
ammonia on purpurin. A recently prepared solution of purpurin in [immoniu deposits 
purpurin unaltered on addition of hydrochloric acid ; but if left to itself for a day or 
heated to 100°, it yields, on caddition of hydrochloric or dilute sulphuric acid, a dark 
violet-coloured precipitate, which dissolves in alcohol with deep violet colour, and sepa- 
rates therefrom in crystals resembling murexido (Schiitzenberg and Schiffert) ; 
in dark crimson microscopic needles, exhibiting a fine iridescent green colour by reflected 
light. (St en house.) 

Stenhouso designates this substance as pnrpnrcin (from its analogy to orcojn), and 
represents it provisionally by the formula ; Schiitzeiiherger and Schifiort 

regard it as purpuramide, and as formed from purpurin (to which they assign the 
formula according to the equation, + NH® — 11*0 — C*®1I*“N0*. 


According to Stenhousc. According to Schiitzonberger and 

Schi llcrt. 


f 

C” 

396 

Ciilc. 

65-13 

Found. 

65*29 

C-® 

240 

('hJc. 

66*11 

FoiiikL 

65-47 


24 

3-95 

4*01 

H‘» 

13 

3*58 

4-14 

N'* 

28 

4-60 

4*60 

N 

14 

3*85 

4*19 

O'® 

160 

26-32 

26*10 

0® 

96 

26-16 

26-20 


608 

100-00 

100*00 


363 

100-00 

100-00 


The analytical results leave no doubt as to the identity of the two products. Tho 
formula proposed by Schiitzenberger and Schiffert is perhaps the monj probable of iho 
two (provided their formula of purpurin is correct), though it docs not agree quite so 
closely with the analysis as the other, and moreover tlie compound has not been sliown to 
possess the* characters of an amide, Stcnhoiise regards tho formation of his piirpurei’ii 
as analogous to that of orcein from orcin (p. 211), that is to say as depending on the 
joint action of ammonia and oxygen (he exposed a solution of purpurin in dilute 
ammonia to the air for about a month, renewing the water and ammonia as they 
evaporated); but according to Sclmtzenbergcr and Schilfert, tho formation of tho 
ammoniacal compotmd of purpurin does not depend on oxidation, the same product 
being obtained, and more quickly, when the ammoniacal solution is heated to 100° in 
a closed vessel. It must be observed also that Stenhouse’s purpurei’n was obtained 
from purpurin prepared from madder by E. Kopp’s process (iii. 740), which, according 
to Schiitzenberger and Schitfert, is not a definite product (sec runpuitiN). 

Vurpure’in or purpuramide is nearly insoluble in sulphide of carbon and in cold 
dilute acids, slightly soluble in other and in cold water, more easily in hot water, very 
easily in alcohol and in dilute aqueous alkalis. From its solution in cold concentrated, 
sulphuric acid, it is precipitated by water in its original state. Its solution in ether ot 
in alcohol containing acetic acid exhibits, according to Stokes, absorption-bunds re- 
sembling those of purpui'in in character, but dificring in situation. 

The aqueous solution of purpurei'n is precipitated, likt5 tliat of orcein, by chloride, of 
wdium. It forms a red precipitate with cUoride of zinc, purple gelatinous with wer^ 
curie chloride, dark brown with nitrate of silver. It dyes silk and wool a fine rose-red 
or amaranth-ped without the aid of mordants, but mordanted vegetable fabrics tire not 
permanently coloured by it. 

The solution of purpurein in aqueous alcohol gives with hromine-water, a yellow 
amorphous precipitate, and the evaporated 111 tnite deposits on cooling a small quantity 
of a brown resinous powdeir. A solution of purpurei'n in nitric acid of specific gravity 
1-35, deposits on cooling, scarlet prisms of nitropurpure'in, insoluble in water, ether 
and sulphide of carbon, nearly insoluble in alcohol, but soluble in hot nitric acid. 
(Steiihouse.) 

PtntPUlUaOCOBAlbTZC SABTS. See Cobaut-bases, Ammoniacal (i. 1052). 
PVAPUBZe ACZB. See FuBPUiiATES (p. 747). 

PirilPirBZir. G®H“0* according to Debus and Stenhouse ; according Uf 

Schiitzenberger. Oxylizaric acid oi Debus; ]\{adder-purpte ", Matikrc color- 
ante rose of Gaulthior do Claubry. (Colin and Kobiquet, Ann. Cli. Phys. [2] xxxiv. 
244.™Q-aulthier de Claiibry and J. Persoz, ihid. xlviii. 69.— Persoz, ibid.W, 
110,— Run ge, ibid. Ixiii. 282.— J. Schiol, Ann. Ch. Pharm. lx. 74 ; Debus, f/z/rZ. 
Ixvi. 351; Ixxxvi. 117.— Wolff and Strccker, ibid. Ixp. 1.— Kochleder, ibid. 
Ixxx. 321; Ixxxii. 205. — Stenlious e, Proc. Roy. Soc. xii. 633; xiii. 145. — Schiit- 
zenberger and Schiffert, Bull. Soc. industr. de Mul house, 1864, p. 70; Jaliresb. , 
1864, p. 642. — Schiitzenberger, Bull. Soc. Chirn. 1865, ii. 12.) — A red colouring 
matter extracted from madder by the same processes as alizarin (i. 113; iii. 742), and 
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separated therefrom by its greater solability in alum-liquor. Debus prepares it by 
adding dilute sulphuric acid to the alum-solutions from which the alizarin has sepa- 
rated by cooling, and boils the precipitate which forms after 12 or 14 hours, with 
dilute hydrochloric acid, to free it from alumina. It is then washed with water and 
recrystallised from alcohol. For other processes, see GmelirCa Handbook (xiii. 326). 

E. Kopp extracts purpurin from madder by macerating the ground root in dilute 
aqueous sulphurous acid, mixing the filtrate with sulpliiiric acid, and heating the 
liquid to 30^ or 40° (iii. 749). But according to Schiitzenberger and Schiffert, the red 
or orange-coloui'ed flakes thus precipitated are not a definite compound, but may bo 
separated, by the successiyo use of alcohol and benzene, into purpurin or oxyalizarin, 
C*®H**0^ pseudopurpurin or trioxyalizarin, an orange-red colouring matter, 

consisting of hydrate of purpurin, and a yellow colouring matter, C^®H*“0®, 

isomeric or pol 3 mieric with alizarin (p. 751). 

Stenhouse's method of extracting purpurin from East Indian madder, or munjoet, is 
described under Mtjnjtstin (iii. 1061). 

rhirpurin exhibits some diversity of physical properties according to the circum- 
stances of its preparation. From strong alco'iol it crystallises in red needles ; from 
weak alcohol in soft slender orange-coloured noodles containing 4*8 per cent, water, 
(C”H®0*.JH*0), which they give oiF at 100°, assuming a rod colour (Wolff and 
Strecker). According to Schiitzenbotger and Schiffort, the anhydrous compound 
crystallises from hot alcohol, the hydrate from cold alcohol (p. 751). TJie anhydrous 
compound melts when heated, and sublimes with partial decomposition, leaving a car- 
bonaceous residue. Respecting the optical characters of its solutions, see Light 
(iii. 638, footnote). 

The composition of anhydrous purpurin is variously stated by Debus and by Sten- 
honee on the one hand, by flehutzenberger and Schiflfert on the other. 

Schiitz. 

Debus, Sten- & Schiff. 

ntean. house. mean. 


c® 

108 

66*67 

66*40 

66*46 

C20 

240 

65*93 

66*83 

H® 

6 

3*70 

3*86 

3*55 


12 

3*29 

3*37 

0® 

48 

29*63 

29-74 

29*99 

O’ 

112 

30*78 

30-80 

C®H«0® 

162 

100*00 

100-00 

100*00 

C®®H**0’ 

364 

100*00 

100*00 


The purpurin analysed by Debus was obtained from ordinary madder by the process 
above cfescribed ; that of Stenhouso from muiy oet ; that of Sehiitzenber^r and Schiffort 
from the crude purpurin prepared by E. Kopp’s process, by extraction with hot al- 
cohol. The formula they assign to it represents it as oxyalizarin, alizarin being regarded 
as C*®H«0®. 

Purpurin is more soluble in water than alizarin, and forms a reddish solution. It 
dissolves also in alcohol and in ether ; the alcoholic solution is redder than that of 
alizarin. It is easily soluble in a boiling solution of iduiiiy forming a liquid of a beauti- 
ful pink colour with yellow fiuoresconce, and remains dissolved after cooling, whereas 
alizarin is deposited from the same solution on cooling. Oil of vitnol and fuming 
mlphuric Ojcid also dissolve purpurin, the latter decomposing it when heated to 200°. 
It is less easily attacked than alizarin by nitric acid ; on boiling the liquid, phthalic 
and oxalic acids are foimied. Purpurin dissolves in caustic alkcdis, and at the boiling 
heat in sodic carbonate^ with cherry-rod or bright red colour, whereas alizarin forms 
blue solutions. The alkaline solutions of ;purpurin decompose on exposure to the air, 
the coloui* of the liquid changing from bright red to reddish-yellow, and ultimately 
disappearing almost entirely, after which purpurin can no longer be detected in the 
liquid : alizarin, on the other hand, suffers no such decomposition (Schunck). These 
characters, together with the peculiar spectrum formed by its solutions, suflficiently dis- 
tinguish purpurin from alizarin. 

Purpurin dissolves in ammonia, and the solution, after exposure to the air, or 
after being heated to 100° in a close vessel, deposits purpureih, on addition of acids 
(p. 749). 

An alcoholic solution of purpurin forms with acetate of lead a purple precipitate 
containing 46*6 per cent, lead-oxide, agreeing approximately with the formula 
6C*‘'H'*Pb"0®.Pb''6, which requires 46*7 per cent. ( W o 1 f f and Strecker. Debus.) 

Compounds of purpurin with fotash and soda are obtained as nearly black crystal- 
line precipitates, on mixing the alcoholic solutions of purpurin and the alkalis. On 
heating these compounds to 150° with ethylic iodide and alcohol, red crystalline grains 
are obtained, slightly soluble in alcohol and consisting of ethylpurpurin 
C>®H**(C*H®)0’ (analysis 66*82 per cent. C and 4*51 H; calc. 67*34 C and 4*08 H). 
(Schiitzenberger and Sohiffert.) 
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Compounds obtained from Emile Kopp's purpurin ” Ip the action of solvents 
(Schiitzonberger and Schiffert). This crude purpurin is partially soluble in cold 
alcohol. The insoluble portion contains: a. Purpurin or oxy alizari n 
whicii dissolves in boiling alcohol ; and Pseudopurpurin or trioxy alizarin 
C 2 oH»* 0 », which is insoluble in boiling alcohol, but dissolves in hot benzene and 
crystallises therefrom in slender brick-red nee^es. The cold alcoholic extract con- 
tains: 7 . An orange-rod colouring matter, consisting of hydrate of purpurin 
C-®H**0* « C■"H'*0^2H*0 ; and 5. A yellow colouring matter, isomeric with alizarin 
C**H'*0*. The latter is soluble in benzene; the former is insoluble in that liquid, but 
dissolves very easily in alcohol, and separates therefrom, sometimes as a curdy mass, 
sometimes in orange-red lamina?. 

The centesimal composition of the throe last-mentioned products, as determined by 
analysis, is as follows : 



Pseudopurnurin . 

Mean of 

Hydrate of Purpurin. 

Mean of 

Yellow Colouring matter. 


Calc. 

Anal. 


Calc. 

Anal. 


Calc. 

Anal. 

c» 

60*60 

61*05 

C*o 

60 

69*93 

C*» 

68*96 

67-90 

HI* 

3*03 

2*97 


4 

4*13 


3*44 

3*55 

o» 

36*37 

35*98 

O* 

36 

35*94 

o« 

27-60 

28*55 


100*00 

100*00 



100*00 


ro'o*o6 

ioo-od 


Pseudopurpurin and hydrate of purpurin are converted into purpurin by sublima- 
tion (leaving a considerable residue of charcoal) or by heating with alcohol to 
180°— 200°. 

The yellow colouring matter sublimes almost without decomposition. It may bo 
produced from purpurin, pseudopurpurin or hydrate of pm*purin, by heating to 180° 
with water and iodide of phosphorus, or more easily by the action of stannous chloride 
on a boiling alkaline solution. 

Purpurin, pseudopurpurin, and hydrate of purpurin impart to mordants colours 
resembling those of alizarin ; the tint communicated by them to alumina-mordants 
is more reddish, and without blue reflex. Tlie coloxirs produced on tissues by pur- 
purin and its hydrate resist the action of boiling soap-water tolerably well, whereas 
those formed by pseudopurpurin are completely destioyed thereby. The resistance is 
therefore nearly in inverse proportion to the amount of oxygen in the colouring matter. 
The yellow colouring matter produces with alumina-mordant a rather duU yellow, 
which is destroyed by soaping and by immersion in a bath of stannic chloride. 
(Schiitzonberger.) 

PUltFimill’O. Syn. with Pobpohiko (p. 691). 

PVRRim. A yellow colouring matter imported into Europe from India and China 
in round lumps weighing three or four ounces, brown on the outside, of a deep orange- 
yellow colour within, and exhibiting, according to Erdmann, a crystalline structure. 
Kespecting its origin, various and contradictoiy statements have been made. Accord- 
ing to most authorities it is of animal origin, and is deposited from the urine of cainfls, 
elephants, and buffalos, especially after the animals have eaten certain plants (the 
fruit of Mangostana mangifer for example) ; according to otliers, it is an intestinal op 
biliary concretion of the same animals : Stenhouse, on the other hand, supposes it to be 
a vegetable substance prepared by evaporating down a vegetable juice mixed with 
magnesia. Its peculiar odour resembling that of castoreum is, however, in favour of 
the former supposition. 

Purree serves for the preparation of Indian yellow, a fine rich durable yellow 
colour much used both in oil and water-colour painting, and consisting mainly of 
euxauthate of magnesium (see Eu2la.nthic Acid, ii. 609) ; according to Wagner, it also 
contains alumina. Indian-yellow being somewhat costly is often adulterated with 
cheaper yellow pigments, chrome-yellow for example. According to M, Haro, jun., a 
colour maker in Paris, pure Indian yellow burns like amadou, leaving a comparatively 
small residue, whereas the adulterated ai-ticle burns more slowly, and leaves a larger 
residue. {Chimie des CoideurSy pur J. Lefort, Paris, 1850.) 

PVUtSXC iLOZB. Syn. with Euxanthic Acid. 

PVBltBXarozrB. Syn. with Edxanthonk. 

PVS. A pathological product, the result of certain diseased actions of the animal 
body. Typical pus, “ laudable ” pus, is a thick yellowish liquid of the consistency and 
appearance of cream, but its physical and chemical characters vary exceedingly ac- 
cording to the kind of tissue from which it comes and the nature of the disease giving 
rise to it. Its reaction is generally alkaline, but sometimes neutral or acid. It wn- 
sists of pus-corpuscles floating in a pus-serum ; the separation of the two by filtration, 
though tedious, is practicable. 
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PUSCHKINITE^PTCNITE. 

The protein-coiKiLiuiente of pus have Wen as yet but imperfectly studied. The serum 
contains an albumin apparently identical with that of blood-serum, together with 
globulin or myosin. From the corpuscles also may bo obtained a substance possessina 
some but not all of the reactions of myosin (Hoppo-Seyler, Phys.Chem. Analyse 
p. 363). In many but not all specimens of pus may be found the so-called pyin, which 
has the following reactions. It is precipitated from its solutions by acetic acid, the 
precipitate being insoluble in excess of the reagent. Nitric and hydrochloric acids* give 
precipi tates readily sohible i n excess. Ferrocyanide of potassium produces no precipitate 
in tile hydrochloric acid solution. A solution of pyin is unaltered by boiling. Pyin 
closely resembles mucin (said to be found in pus from mucous membranes), differing 
from it, however, in being precipitated by mercuric chloride and neutral acetate of 
lead. Gelatin and chondrin have been found at times in pus. 

Among the fatty bodies always present in pus may be mentioned cholesterin, olein, 
palmitin (the last two also in combination with alkalis), cerebric and glycoro-phos- 
phoric acid. According to Fischer (Mod. Cblt. 18G6, p. 225), the only fatty body 
besides cholesterin in good fresh pus is protagon, whose speedy decomposition gives 
rise to the rest. The same observer also states that butyric, formic and valerianic 
acids when present are putrefactive products. B 6 d e k e r found in specimens of pus, a 
substance called by him chlorrodinio acid. 

Sugar and urea have occasionally been found ; and leucine may be regarded as a 
constant constituent unless it be a product of putrefaction (Fischer). Pus from 
wounds often has a blue colour, very distinctly seen when dried on bandages, &c. ; this 
arises from the presence of Pyocyaniu, which may be isolated in the following way. 
The bandages, &c. are steeped in water containing a few drops of ammonia, and tlie 
resulting green liquid is filtered, partially evaporated, and again filtered. The filtrate 
is shaken with chloroform, wliich take.s up the colouring matter; and tho chloroform 
solution is treated with very dilute sulphuric acid until it turns quite red. On stand- 
ing a red aqueous layer separates which is removed, troat^^d with caustic baryta unril 
it changes to blue, filtered, and the filtrate again shaken with chloroform. The blue 
chlorotorm solution is allowed to evaporate in the air. Pyoeyanin crystallises in 
needles or in rectangular fiakes. It is soluble in chloroform, alcohol, and water, with 
drtficulty in ether. Acids turn it red; alkalis restore the blue colour. Chlorine 
destroys it. After the separation of tho pyoeyanin, the chloroform retains in solution a 
yellow substance called pyoxanthose, -which remains on leaving tho solution, pre- 
viously freed from fat, to evaporate spontaneously. It is sometimes, though rarely, 
obtained in groups of microscopic needles. It is very sliglitly soluble in water, more 
soluble in alcohol, ether, chloroform, and benzene. Acids turn it red, alkitlis violet 
(Fordos, Compt. rend. Ivi, 1128; Jahresb. 1863, p. 657). W. B. Ilerapath finds 
indigo-blue in blue pus (Brit. Assoc. Trans. 1864, p. 124). 

The ashes of pus consist mainly of chloride of sodium, with alkaline and earthy 
phosphates, alkaline carbonates, sulphate of calcium, and oxide of iron. 

The quantitative analyses of pus, as might bo expected, differ widely. Tho following 
(Bibra) may be taken as an average. In 1,000 parts: water 862, solids 138, where- 
of albumin 91, fats and cholesterin 12, extractives 29, salts 9. 

Masse (Simon’s Chem. Syd. Soc. trans. ii. 692) thus compares 1,000 parts 


Water .... 

Fus-serum. 

89000 

Blood-serum 

906*6 

Solid residue 

110*00 

93-6 

Organic constituents . 

92*58 

86-7 

Chloride of sodium 

1260 

4-6 

Carbonate of sodium . 

2*‘2‘2 . 

1-4 

phosphate of sodium . 
oulpbate of sodium 

•32 

•H 

•18 

•2 

Phosphate of calcium . 

1*20 

0-7 

Carbonate of ealcium . 

•90 



M.F. 

PirilCKfllXmTSa A variety of lime and iron epidote from the Western Ural, 
xidrt^ of Katherinenburg. (See Epidote, ii. 490.) 

! PVTUASSrOXHAa Vuirarigira Tdoahurghii^ an East Indian plant, yields a fat 
" oil melting at (Lepine, J. Pharm. [3] xh 16.) 

' PVTUBFAPTlOir. See Febmbntation (ii. 623); also Utdi THctionary of ArtB, 
^0. (iii. 648). ? 

VTCCVnirp* A massive subcolumnar variety of topaz ({. v.) 
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PTCSrOMSTSR. An instrument for determining the speeific gravities of 
aerated mineral waters. (Fresenius, Zeitschr. Anal. Chem. i. 178.) 

PYCXII'OTROPB. See Skrpbntine. 

PYXir. See Pus. 

PTOCYiLimr. > a T, / 

PT0aLaxrTB08B.( (p- 752). 

P if R A.C OPTZTZC ACZII. Syn. with Itaconic Acid. 

PYRilXiXiOIjZTE. The name of a series of decomposition-products of augite and 
occasionally of hornblende, consisting mainly of magnesian liydrosilicates. They 
blacken when heated, then burn whito if in contact with the air, and give otF water 
having an empyrcuniatic odour, due to the presence of organic matter. When v«.ry 
strongly heated before the- blowpipe, they become rounded on tlie edges only. The 
pyralloUte of StorgUrd is converted by strong sulphuric acid, witli incipient tumefac- 
tion and decomposition of tJio organic matter, first into a reddish, tlien into a black 
powder. The same decomposition appears to bo produced also by dilute sulphuric acid, 
for the mineral after being treated with it, is no longer blackened by the strong acid. * 

^ Pyrnllolites havo been analysed by Nordenskiold (Schw. J. xxxi. 886), Arppe, 
Furuhjelm, Runeberg and Selin (Anal, af Fiusk. Min. p. 36), and Bischof 
{J^jehrhxjLch d. Chmn. Geolog.^ i. 516). 

a. From Kullakalkbruch : Kimito. Green or bluc-^oen ; partly still exhibiting 
distinct augite structure. Specific gravity = 2*7. Hardness = 3 — 4 (Kune berg). — 
b. Takvedaholm, in calcspar. Green ; fibrous. Specific gravity = 2*70. Hardness 
= 3---4 (Arppe). — c. Skrabbolo, in quartz. Green, fibrous or granular. Specific 
gravity ~ 2*73. Hardness = 2 — 3 (Arppe). — d. HaapjikylU; greenish, loosely gran- 
ular aggregate in calcspar. Specific gravity = 2*61 (Arppe). — c. Kullakalkbruch; 
white, with augitic structure. Hardness = 3—4 (Arppe).— /. Storgilrd, Pargas (Nor- 
denskiold. — g. FrugSrd; light-brown or yellow-grey columnar masses cloavable in 

one direction. Specific gravity ~ 2*66. Hardness = 3 (A rppe). h. Kullakalkbruch; 

white, earthy (Selin). — i. From the same; greenish- white, earthy (Furuhjelm). 


Silica . . 

a. 

5. 

c. 

d. 

e. 

/. 

g» 

h. 

i. 

k. 

48<88 

65 17 


57*49 

tfCrO 

66*62 

63*87 

58*87 

66*18 

76*23 

Alumina 

0*48 

1*13 

1 *6.'i 

1*11 

1*4 

3*;<8 

0*.34 

1*79 

0-87 

1*79 

Magnesia • 

24*72 

f>*85 

26*12 

30*05 

28*7 

2;i*a8 

23*19 

18 39 

18*77 

11*65 

Mine . . 

1(»*69 

6*33 

6*34 

2*90 

3*9 


3*71 

1172 

5*53 

*2*56 

FiTrous oxide 

1*53 

21*46 

1*86 

1*26 

0*6 

0*89 

2*18 

0-f>7 

1 83 

0*72 

Manganous oxide 

5*76 

009 

1*68 

0*69 

, , 

0*99 


I_„Catl00® . . . 

ion ignition. 12*33 

9*1*5 

*7*66 

‘7*3*0 

*8 5* 

3*38 1 
5*48 5 

7*35 

878 

6*48 

C3 0.*> 
1 4*05 


99*41 

100*17 

101*03 

100*80 

100*0 

‘J9*‘J0 

100*64^ 

100*12 

9U-66 

100*05 


These analyses appear to indicate a gradual transition from the composition 
M'-^O-SiO^.H^O to M-0.4Si0*.H‘^0, the silica being partially also replaced by alumina. 


PTRARTTZBfOXfXTE. Syn. with Kermesitc or Ked Antimony (iii. 446). 
PYRAROZZ4LZTB. A silicate occurring in the granite of Helsingfors, Finland, 
in prismatic forms with indistinct clcjavage. Hardness = 3 '5. Spoinfic gravity 
2'5. It is partly black or bluish, liver-brown or dull red, with a dull resinous lustre ; 
has an argillaceous odour, Infuslblu before the blow{)ipe, but becomes slightly glazed 
in a strong heat. Soluble in hydrocldoric acid. Contains, according to Nor dens - 
kiold’s analysis (Berz. Jahresb. 1833, p. 174) : 

Si02. A1203. Fe-03. MgO. K*0. Na»(). H-O. 

43*93 28*93 5*30 2*90 1*05 1*86 15*47 = 99*43 

The mineral may be regarded as an altered dichroi’te (ii. 320), containing § of the 
strong bases of that mineral. (Bischof.) ^ 

PYRARGVRZTB. Dark-red silver ore, Ituhy silver. Black silver. Aero site. 
Argyrythrose. Dunkles Rothgultigerz. Antmumsilbcr blende. Argent antimonie suffurL 
Argentum rubrum. — Native sulphantimonite of silver, occurring in rhorabohedral crys- 
tals, in which, for the rhombohedron K, the principal axis = 0*7945, and the angle 
R : K in the terminal edges = 108° 20'. The crystals are chiefly prismatic, formed 
by the combination of oor2 witli R and other rhombohedrons and sealenohedrons. 
(For figures, see I) an a, ii. 77, 78.) Cleavage rather imperfect parallel to R. TVins 
are of frequent occurrence. The mineral is also found massive, with granular struc- 
ture,' sometimes impalpable. Hardness * 2 — 2*5. Specific gravity * 6*7 — 5*9. 
Translucent to opaque, with metallic adamantine lustre and black colour, sometimen 
approaching to cochineal-red. Streak, cochineal-red. Fracture,, conchoidal. Sectile^ 
yielding readily to the knife. Before the blowpipe it melta and gives out fumes of 
antimony, and on charcoal ultimately leaves a globule of silver. Dist^lves in hot 
nitric acid, leaving sulphur and antimonious oxide. 

VoL. IV. 3 C 
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Armlyses : — a. From Andreasberg in tbo Hartz (Fonsdorf, Scliw. J. xxxiv 235). — 
h. From Mexico (Wohler, Ann. Ch. Pharm. xxvii. 157). — c. From the Mularoche 
mine near Zacatecas in Mexico. (Eottger, Ramm. Miner alch. p. 83.) 


. Caleulation. AnttlysfS. 


• 



a. 

b. 

c. 

s» 

96 

1777 

17-78 

18*0 

1776 

Sb 

120 

22-28 

23-26 

21-8 

24*69 


324 

69*95 

68-96 

60*2 

67-46 

Ag^ShS®* 

540 

Voo*’o^ 

100-00 

100*00 

99*80 


The formula may also be written SAg^S.Sb^S*. 

Pyrargyrite occurs also in Saxony, Norway, Hungary, at Guadalcanal in Spain, and 
in Cornwall. In Mexico it is worked extensively as an ore of silvfT. A light-red 
sUverore from Andreasberg was found by Zineken to bo free from arsenic. A grey ore 
from tlio same locality contains both arsenic and antimony, and may be miargyrite 
(iii. 1010). 

Pyrargyrite occurs like proustito (p. 739), changed to silver-gLance, Ag*S, also to 
pyrites. (Dana.) 

PTREXiAZiar. A name applied by Berzelius to the mobile oil obtained by dis- 
tilling witli water several of the empyreumatic oils resulting from the dry distillation 
of organic bodies, such as oil of wax, amber, bones, &c. 

PTABirAZTS. A variety of iroii-lime-garnet (ii. 772), black or greyish-black, 
often with semi-metitllic lustre. 

PT&BXrE. (Laurent, Ann. Ch. Phys. [9] Ixvi. 136.) — A crystalline 

hydrocarbon, obtained, together with chrysene, by the dry distillation of fats, resins, 
and coal. To prepare it, the ethereal liquid which has served for the extraction of 
chrysene (i. 958), is exposed to the temperature of a freezing mixture ; the pyrene is 
then deposited in the crystalline state. 

Pyrene crystallises from alcohol in microscopic rhomboi’dal larainse, very much like 
anthracene. It is tasteless, inodorous, insoluble in water, slightly soluble in aleohol 
and in ether; melts between 170^ and 180®, and soliclifles in a crystalline foliated 
mass. At a higher temperature it volatilises without decomposition. It is carbonised 
by sulphuric acid. It gave by analysis 93*18 per cent, carbon and 6*11 hydrogen; 
the formula requires 93*7 carbon and 6*3 hydrogen. 

JHnitropyrene, C'*H'®(NO'“‘)*, is formed by the action of warm nitric acid on pyrene, 
as a thick brown oil, which, after washing with water, dries up to a very brittle rosin 
having the colour of gamboge but rqdder ; it melts in boiling alcohol. 

PYKBTBBZXir. Tliis name was given by Parisel to a soft resin extracted by 
alcohol and ether from ' Radix Pi/ref hri, which however, according to Koene, is not a 
definite substance. The latter found in the root 0*25 per cent, of a resin insoluble in 
potash, 1*60 of a brown acrid oil soluble in pot^ish, 0*35 of a yellow oil soluble in potash, 
9*40 gum, 6770 inulin, 7*60 salts, 19*80 vegetable fibre, and traces of tannic acid. 
The two oils and the resin together constitute Parisel’s pyn’thrin. 

The flower-heads of Pyrethrum earnenm which, when pulverised, form the “ Persian 
insect-powder” contain, according to J. Hanamann (Vierteljaljrs. pr. Pharm. xii. 
622), neither a narcotic bast^ nor santonin. The action of the powder is probably due 
to a pale yellow essential oil, which has a pungent odour, produces headache, and kills 
or stupefies small insects. 

ETBOOnCd A dingy vari(?ty of Sahlite. (See Auoite, i. 47“1.) 

PTAZl>Xlflrj&. C®H*N. (Andt»rson, Ed. Phil. Trans, xvi. 4 ; also xx. [2] 247; 
PhiL; Mag. J. [4] ii. 257; Ann. Ch. Pharm. Ixxx. 55; .Tahresb. 1851, p. 478. — 
C. drev. Williams, Phil. Mag. J. [4] viii. 24 ; also Ed. Phil. Trans, xxi. [2] 315; 
CIltBiii^G^iiirNov. 1, 1855. — Church and Owen, Chem. News, ii. 146 ; Phil. Mag. [4] 
xk; 

'AbiMe discovered by Anderson in his im^estigation of bone-oil. Subsequently found 
^p.O. Williams among the bases in the tar obtained by distillation of the bituminous 
0)^^ of Dorsetshire. Traces of a base having the same composition were observed by 
P. O. Williams among the alkaloids produced by destnictive distillation of cinchonine* 
Pound by 0. G*. Williams in coal naphtha, also by Church and Owen in the tar of peat 
It is produced artificially by the action of nascent hydrogen on azodinaphthyldiamine. 
(Perkin, Chem. Soc. J. xviii. 9.) 

Prociaely the same odmtions are necessary as in the case of piepline 
(p. 637), distillation the portion distilling at 117^ is to 

be oollected^^tead of that which boils at 140®. 
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Properties. — Pyridine is a (*olourless mobile liquid, having a most pov'orful sind 
peculiar odour closely resembling that of picolino, and, like that alkaloid, «.uusiijg a 
bitter taste in the mouth and back of the throat. It fumes on the approach of a rod 
dipped in hydrochloric acid, even moro strongly than picolino. Its solution iu water 
behaves with bleaching powder like picoline. Its specific gravity at 0® is 0-9858. It 
precipitates the salts of zinc, iron, manganese, and aluminium iu the cold, iiickol-salts 
only on the application of heat, and the precipitak* dissolves in excess. In solut ions 
of copper it gives a pale blue precipitate, soluble in excess of base with a deep blue 
colour, not distinguishable from that produced by ammonia. It has a strong tendency 
to form crystallisablo double salts. It boils steadily at about 117°. The density of 
its vapour was found to bo 2-91 ; theory requires 2-734. Tlie excess of the experi- 
mental over the theoretical numbers arose from the presence of traces of picoline. 
(Anderson.) The refractive indices of a specimen of pyridine from Dr. Hofmann’s 
laboratory were found by Gladstone and Dale to be for A. 1-1940; D, 1-5030 ; H. 
1-6387, the temj)crature at tho time of the experiment being 21-5^. 

Pyridine is soluble in water in all proportions, and i.s difficult to oblain absolutely dry. 
(Anderson.) 

I)ccomj)osittmis. — Pyridine, like its homologucs, is exceedingly stable and resists the 
action of oxidizing agents. It may be boiled with monohydrateii nitric acid^ or with 
chromic acid w-ithout decomposition, and treatment with nitric acid is to be resorted to 
as a means of purification when the base is contaminated with ompyreiimatic matters 
(Anderson). — 1. Chlorine acts on pyridine in the same manner as on picoline (An- 
derson). — 2. 'When hromine-vmter gradually added to a solution of pyridine, tho 
liquid becomes muddy, and, as the quantity of bromine increases, an abundant preci- 
pitate appears, and collects at the bottom of the vessel in the foi-m of a reddish mass 
of a more or less resinous appearance. This substance is insoluble in water, but 
soluble in alcohol and ether. AVhen boiled with water, it melts and emits an odour 
rcsoinbling tliat of bromine. Hydrochloric acid decompos('s it, liberating bromine. 
Potash decomposes it also, libcnitirig the base. From these reactions, Anderson con- 
cludes that the substance is a direct compoimd of pyridine with ses'eral atoms of bromine. 
Dry pyridine thrown into dry bromine-vapour solidifies to a crystalline mass which 
dissolves in water, leaving an insoluble matter probably analogous to the compound 
produced in the same manner by acting on pyridine or picoline with dry chlorine 
(Anderson).— -3. When pyridine and tincture of iodine are mixed and evaporated to 
dryness on the water-bath, a dark brown mass is partially soluble in water, leaving 
some brown crystals ; tliey are easily decomposed, and appear to be similar in charac- 
ter to the iodine- compounds of the fixed bases. The watery solution contains hydrio- 
date of pyridine contaminated with a basic impurity which may bo removed by animal 
charcoal. (Anderson.) 

Pyridine salts. Hydrochloratc of pyridine. CHPN.ITCl.-WIien hydrochloric acid 
saturated with pyridine is evaporated on the water-bath, tho syrupy fluid on cooling 
gradually becomes converted into a hard radiated mass of crystals. Tho salt deli- 
quesces in moist air. It subb'mes unchanged at a high temperature. It is soluble in 
alcohol, but less so than in water; insoluble in ether. (Anderson.) 

Acid sulphate of pyridine, C^IPN.H^SO*. — ^When sulphuric acid is mixed with excess 
of pyridine and evaporated over the water-bath, a deliquescent crystalline mass is left, 
soluble in all proportions in water and alcohol, but insoluble in ether. (Anderson.) 

Hydriodate of pyridine. C*H*N.HI. Tabular crystals, readily soluble in alcohol and 
in water, but not deliquescent. (Anderson.) 

Hydrohroinate of pyridine, C^H^N.HBr. — A deliquescent salt obtained in acicular 
crystals on evaporating its solution. (Anderson.) 

Nitrate of pyridine, C‘H*N.HNO*. — Easily obtained by mixing nitric acid and py- 
ridine. If the acid be concentrated, and tho base di-y, or nearly so, much heat i» 
evolved, and tho mixture solidifies into a mass of short needles, which after pressure 
between folds of filtering paper, resembles loaf-sugar. The salt may be punned by 
recrystallisation from water or boiling spirit ; the latter is to be preferr^.‘ Oi;i 
cooling it is deposited from an alcoholic solution in fine needles an inch long, even when 
operating on a very small scale. Sometimes it is obtained in sliort thick prisms. It 
is not deliquescent, but extremely soluble in water, less so in alcohol, insoluble iii ether. 
Heated in a retort it melts, and, if the temperature be raised gradually, sublimes in 
a white woolly mass ; but, if briskly heated, it distils in tho form of a thick oil^ liquid, 
which solidifies to a mass of acicular crystals. Heated on a platinum knife, it takes 
fire, and burns with groat brilliancy and a rapidity almost amounting to deflagration. 
(Anderson.) - 

ChLoraurate of pyridine, C*H‘H.HCl.AuCl*.— A fine lemon-yellow crysVdline powder,* 
immediately deposited on adding solution of chloride of gold to a solu^bn of hydro- 
chlorate of pyridine. It dissolves readily in hot water, and is deposited on cooling 

■ 3 c 2 ’ 
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in fine yellow needles, little soluble in cold water, and insoluble in alcohol. (A n- 
derson.) 

Chloroplatinate of pyridine, 2(C*H*N.HCl).Pt‘»Cl*. — A solution of the hydrochlorate 
of pyridine mixed witli solution of tetrachloride of platinum, deposits flattened prisma 
easily soluble in boiling water, less soluble in alcoliol, insoluble in ether. 

Prodiccts of decomposition of CMoroplatinate of Pyridine. — When chloroplatinate 
of pyridine, free from excess of platinic chloride, is dissolved in hot water, and 
the solution kept boiling for five or six days, it is entirely converted into a sub- 
stance resembling sublimed sulphur in appearance. It is insoluble in water and 
acids, but is decomposed on boiling with solution of liydrate of potassium, pyridine 
being evolved. The sulphur-like body is the hydrochlorate of a platinum-base analo- 
gous to platinamine ; it has therefore received the name of platino-pyridine. Its for- 
mation consists simply in the expulsion of one atom of hydrochloric acid from one atom 
of the chloroplatinate, thus : — 

2(0"H»N.HCl)Pt‘-CP « C'»H«PtN*.4HCl + 2HC1. 

If the boiling be arrested before the entire conversion of the chloroplatinate into the 
ialt just described, beautiful shining plates are deposited. They consist of a double 
salt formed by the union of one atom of the dihydrochlorate of platino-pyridine 
with one atom of the original platinum-salt. (Anderson.) 

When chloroplatinate of pyridine is boiled witli excess of pyridine, the liquid 
becomes dark coloured, and on evaporation to dryness in the water-bath, and addition 
of water, a dark solution is obtained, and a crystalline residue left. This substance 
is the hydrochlorate of another platinum-base, platosopyridine, analogous to platos- 
amino. The salt has the formula (C*Il^N)*.Pt"Cr“ or C“’H*PtN*.2HCl, 

Substitution-derivatives of Pyridine, 

Methyl-pyridine. — This compound has not yet been examined. 

ETHYL-PYttiDiNE. ' -The frco bases of this class undergo decomposition when warmed. 
(See Ethyl- picoLiNE, p, 639.) 

Hydriodate of KthyUpyridine, C’lPN.HI, — Obtained in the same manner as the 
corresponding picoline base, and of similar properties. 

Chloroplatinate of EihyUpyHdine, 2(C’H®N.HCl)Pt‘^Cl*. — Beautiful garnet-coloured 
fhomboidal plates with bevelled edges, easily obtained a quarter of an inch in diameter, 
even when operating on veiy small quantities. (Anderson.) C. Gr. AV. 

PTRXTBS. A mineralogical uame including various metallic sulphides, chiefly 
those of copper and iron. 

Arsenical pyrites includes the two species, leucopyrite, FeAs^, and mispickcl, 
FeAs*. FeS-* (iii. 368). 

Copper pyrites is Cu*S.Fe*S* (ii. 77). 

Iron pyrites, FeS’, includes the yellow or cubic species, and white iron pyrites or 
marcasite, which crystallises in trimetric forms (iii. 402). Varieties of the latter are : 
Radiated pyrites, including the radiated masses and more simple crystals ; spar pyrites, 
the macled crystals ; htpatic pyrites, the decomposed liver- brown monometric crystals 
originally consisting of yellow iron pyrites, also certain hexagonal pseudomorphs ; cocks- 
comb pyrites, the crest-like aggregations of marcasite; celltdar pyrites, the cellular 
varieties formed by the decomposition of crystals of galena whicli contained films of 
jpyrites between its layers. 

Magnetic pyrites or pyrrhotin is generally Fe’S* (iii. 402). 

Tin pyrites is Cu*S(SnS*.Fe*S*). See Tin. 

' Variegated pyrites or erubescito is FeS.2Cu*S (ii. 78). 

The native sulphides of copper and iron are extensively used for the extraction of 
eulpbur an^ ^ manufacture of sulphuric acid (see Bichardson and Watts’s 
Chemical Techmlogy, vol. i. Ft. 3 and Appendix). 

FTBoAoXiTZe SFZRZT. Syn. with Acetone. 

FTBOABnABZO ACZB. Syn. with Puthaxio Anhydride (p. 631). 

XmtOBBMrZOKZnrB. Syn. with Lophinb (iii. 733). 

>ntOOAXMEFBBBTXO ACZB. ^Schwanert, Ann. Oh. Pharm. 

txzviii. 77; Jahresb. 1863, p. 397.) — An acid produced by the action of heat on 
hsmphretic acid, one of the producte of the action of nitric acid on camphor. 
When camphor is heated with 10 or 12 pts. of nitric acid of specific gravity 1*34, the 
liquid cohobated as long as any action goes on^ the product freed as completely as 
possible by repeated evaporation from camph|ric a<nd (i. 730) which crystallises out, ai^d 
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from nitric acid, and the syrupy mother-liquor then treated with 10 pts. of cold water, 
camphretic acid, ^ 1 0* dissolves, while another acid remains 

behind. To purify the product, the filtered solution is evaporated till the residue dis- 
solves completely in cold water, and the solution is fractionally precipitated, either 
immediately or after neutralisation with ammonia, with neutral acetate of lead, which 
throws down the rest of the camphoric acid, U)gcther with a third acid. The solution 
filtered from these lead-salts is then completely precipitated with acetate of lead, tho 
washed precipitate is decomposed by sulphydric acid, and the acid filtrate is evaporated. 
Camphretic acid is thus obtained as an ino<lorous, pale yellow, thick syrup, like Venice 
turpentine, having a sour, pungent, and somewhat bitter taste. It dissolves easily in 
water, alcohol, and ether, and forms uncrystallisable salts, having the general formula 

The ethylic ether, obtained, by decomposing the silver-salt with 

iodide of ethyl, or by passing hydrochloric acid gas into the alcoholic solution of the 
acid, is a non-volatile viscid oil of specific gravity 1-0776 at 13®. DUihyl-camfhntic 
acid, ^ is produced, together with the neutral ether, by the last- 

mentioned process, and may be extracted Ity fnjjiting the oil separated by water with 
dilute soda-ley, agitating the neutralised solution with ether, and evaporating the ether. 

It then remains as a thick viscid oil of specific gravity 1-128 at 13®. 

Camphretic acid sulyocted to slow distillation in an oil-bath yields at 100° an acid 
watery distillate containing acetic acid and acetone, then between 180® and 220° an 
oily distillate, which partly solidifies in tabular crystals, and finally at about 270® a 
white crystalline sublimate, with a large residqo of charcoal. The oily body is pyro- 
cainphretic acid, the tabular crystals are metacamphretic acid, C'“H‘®0*; 

the sublimate consists of camphoric anhydride, C'®II’ *0*. 

Py rocampliretic acid is a pale yellow viscid oil, heavier than water, having an 
aromatic odour, and a slightly sour, burning, aromatic taste. It boils between 206® 
and 210®, does not solidify at 0®, is insoluble in water, but dissolves in alcohol 
and ether, forming strongly acid solutions. The barium-salt and the lead-salt 
C‘®ll”Pb’0‘‘, are white amorphous precipitates. 

Metacamphretic acid, C'®H'®0*, crystallises from an alcoholic solution de- 
colorised with animal charcoal, in rhombic tablets, which melt at 89®, solidify at 66®, 
dissolve sparingly in cold, easily in hot water, and in all proportions in alcohol and 
Cither. The aqueous solution, which has an acid reaction, is not precipitated even after 
neutralisation, by calcium or barium-salts. 

PTROCATECKZXir. 1 o n a / 

PTXOCATBCKVXC ACII>.( ^CID (p. 315). 

mOCBXiOSE. A mineral consisting of niobate and titanate of calcium, cerium, 
&c. (p. 67). Those varieties which contain fluorine without water wore called by 
Hermann fluochlore, the others hydrochlore. 

PTROCZTRZC ACZ1>S. Acids produced by the destructive distillation of citric 
acid, viz. aconitic, citraconic, and itaconic acids. Mijscaconic or citracartic acid, 
produced by the action of boiling dilute nitric acid on citraconic acid, is also included 
by Gerhardt under the same general denomination. 

PTROCRROZTE. A variety of brucite, with excess of manganese, found in tho 
Pajsberg iron and manganese mine in Sweden, where it forms white nacreous veins in 
the magnetic iron ore. It is laminar, as hard as brucite, effloresces in the air, assuming * 
first a bronze, then a black colour ; when heated it becomes green, and afterwards 
black, with loss of water; contains 76*400 MnO, O OOG FeO, 3140 MgO, 1*270 CaO, 
16*350 H'O, and 3*834 CO“. (Igelstrom, Pogg. Ann. exxii. 181.) 

PTROCEASZTS. A mineral occurring in kidney-shaped masses in the Mongo 
islands on tho Mosquito coast. It consists maiuly of a hydrated tricalcio phosphate, 
Ca»P*0®.2H*0. 

PYROCOZrzlirE. A basic poisonous substance said to be produced by the dry 
distillation of hemlock (Handw. vi. 709). 

, PYRORSXTRZZr. (G^lis, Ann. Ch. Phys. [3] lii. 388.) — A product obtained 
by the roasting of starch (appearing indeed to be the only coloured substance thereby 
produced), of cereal grains, potatoes, maize, or coffee. — Starch is roasted, with constant 
stirring, in an open vessel strongly heated on one side, fresh portions being continually 
brought in contfict with the hot part, till it is free from adhering water, swells up 
strongly, gives off pungent vapours, and sinters together, so that it is easily separated 
from the hot bottom of the vessel. It is then di.ssolved in hot water ; the clear filtrate is 
evaporated; and the residue is dried and heated by small portions in an air-balh to 220® 
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— 230®, to complete the i^astlng; Thespongy product thus obtained is purified, especially 
from adhering dextrin, by repeatedly dissolving it in water and precipitating the 
solution with alcohol, as long as dark flakes continue to separate — or, in presence of a 
large quantity of dextrin, by precipitating the aqueous solution with excess of baryta- 
water containing alcoliol, washing the resulting precipitate with weak spirit, pouring 
upon it a quantity of sulphuric acid sufficient to decompose it, filtering the liquid to 
remove sulphate of barium, and precipitating the filtrate with alcohol. The pyro- 
dextrin, which separates in the form of syrup, is dissolved in a small quantity of water, 
the filtrate evaporated over the water-bath, and the residue dried at 140°. 

Pyrodextrin is a solid, brown, friable mass, shining and tough when moist. In- 
odorous and tasteless. When dried at 160°, it gives by analysis 46*7 per cent, carbon 
and 6*2 hydrogen, which may be represented by the empirical formula re- 

quiring 46*37 C, 6*25 H, and 47*68 O. 

Coinbinaiions. — Pyrodextrin when osmosed to the air takes up 3 at. water, and after- 
wards dissolves readily in water, forming a brown adhesive gum. It is sparingly soluble 
in alcohbl of 22 per cent. ; insoluble in absolute alcohol and in ether. Aqu«‘ 0 us pyro- 
dextrin is not coloured purple-rod by iodine (like dextrin), but is decolorised by moist 
hydrate of aluminum. 

The aqueous solution mixed with ba^ta-water and weak alcohol yields a precipitate 
containing ; and with acetate of lead and absolute alcohol, a pre- 

cipitate containing C^‘‘JI^‘'*Pb"0^’^. 

Decompositions. — 1. Pyrodextrin remains unaltered at 210° — 2*20°, but decomposes 
at a higher temperature ; takes tiro with difficulty, and leaves a hard, coherent, slowly- 
burning cinder. — 2. When treated with nitrn; acid, it yields oxalic acid.— 3. By oil of 
vitriol or strong ht/di'ochloric acid, it is converted into a sparingly soluble brown 
powder; dilute sulphuric or hydrf)chloric acid alters it but very slowly, even when 
heated. — 4. It reduces cuprous oxide from an alkaline solution of cupric oxide^ and 
from 8ohiti|>ns of gold, and 5z7t;tfr-SHUs it reduces the metals. 

BYROBMAUTS. Syn. with I^KOSMAUTK. 

BYSp-BBSCTRZCXTY. Electricity developed by heat in crystals (ii. 411). 

PTROCAXiXiSSZliBr. An uncrystallisable product, fornjed by the action of ammonia 
on pyrogallic acid in open vessels. Its formation i8prol>ably analogous to that of orcoVn 
from orcin : 

+ 6NH» 0» « O'^Jr^N^O’® + 8H*0. 

Pl^rogallic Pyrogalleiii. 

acid. 

It forms brown precipitates with many metallic salts ; but they decompose during 
washing. (Rosing, Compt. rend. xlvi. 1139.) 

PYROOAZiXiZG ACZB. Dios^/phenic acid, C®H®0®. — This acid was first observed 
by Scheele, and was considered as sublimed gallic acid. Berzelius and Pelouze estab- 
lished its composition. It contains the elements of gallic acid minus carbonic anhy- 
dride. 

It is best prepared by heating a dried aqueous extract of nut-galls in a pot on which 
is placed a cap, such as is used in die sublimation of benzoic acid. The vessel is placed 
in a sand- bath and kept at a temperature of 180° to 186°, for 10 or 12 hours. In this 
way about 6 per cent, of acid is obtained. According to Liebig (Ann. Ch. Pharm. 
ci. 47), gallic acid is the best source of pyrogjillic acid. The coarsely powdered gallic 
♦ acid ip mixed with twice its weight of bruised pumice, and placed in a retort in the 
tubulure of which is a tube connected with a carbonic acid apparatus. The advantage of 
this arrangement is that the pyrogallic acid, which decomposes almost at the same tem- 
perature as that at which it forms, is rapidly removed from the retort. 

- Pyrogallic acid is also produced, together with gallic (dioxysalicylic) acid by the 
action of hot caustic potash-solution on di-iodosalicylic acid. (Lautemann, Ann. Ch. 
Pharm. cxx. 299 ; Jahresb. 1861, p. 398.) 

Pyrogallic acid crystallises in long flattened prisms soluble in 2 J pts. water at 12°, 
and somewhat less so in alcohol and ether. 

It melts at 115° and boils at 210°, and its vapour excites coughing. At 260° it 
blackens, gives off water, and leaves an abundant residue of metagallic add: 

•= C®H®0» + H»0. 

Pyrogallic MetHgallic 

acid. acid. 

In the dry state it does not alter in the air, but its aqueous solution becomes brown, 
and leaves a black residue on evaiwration. This change is most rapid in the presence 
of alkalis. When potash or soda is added to a solution of pyrogallic acid, the solution 
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becomes rapidly black from absorption of oxygon, and if the liquid be evaporated, a 
black gummy residue of carbonate and acetate is obtained. It is on this rapid absorp- 
tion of oxygon that the use of pyrogallic acid in eudiometry is based. (See Analysis of 
Gases, i. 283.) According to Boussingault, Calvertand Cl oez, however (Jahresb. 
1863, p. 389), a small portion of the oxygen is converted into carbonic oxide, the 
volume of that gas amounting to 3—4 per cent, of that of the oxygen absorbed in an 
atmosphere of pure oxygen, and about 2^ per cent, in air. 

Pyrogallic acid is easily oxidised by ‘permanganate of potassium, and the reaction is 
used by Monier (Compt. rend. xlvi. 677 ; Jahresb. i858, p. 629), for the volumotric 
estimation of tho acid. It is not acted upon by hydrochloric a<*jd. With fuming 
sulphuric <u^id it forms a brown solution containing a sulpho-aeid not yet examined 
With fuming nitric acid it yields oxalic acid (Ilosi iig). Its aqueous solution is turned 
brown by nitrous acid, even in very small quantity, so that in fact, pyrogallic acid aftbrds 
as delicate a test for nitrons acid as iodised starch-paste (Schdnbein, Zeitschr. anal. 
Chem. i. 319 ). — Chlonne turns pyrogallic acid black, and gives off hydrochloric acid. 
Iodine does not appear to act upon it below 200^. With anhydrous bromine it forms 
the compound It is not acted on by amriumia-gas in close vessels, but if 

exposed to the air at the same rime, it is converted into pyrogallei'n (p. 758). (Kosing, 
Compt. rend. liv. 1149; Jahresb. 1857, p. 315.) 

When pyrogallic acid is added to mMk of lime, the liquid assumes a beautiful red 
tint, which rapidly passes to a deep brown. This reaction is so deiicato as to serve 
for detecting small quantities of the acid. 

Tho solution of n ferrous salt added to p 3 rrogallic acid produces a beautiful indigo 
colour, the [jre.seiice of tlie smallest trace of ferric salt produces a deep green tint. 
With ferric salts alone a red colour, but without a precipitate, is obtained. Bichromate 
of potassium produces a brown colour. 

The salts of mercury, silver, gold and platinum are easily reduced to the metallic 
state by pyrogallic acid. 

Pyrogallic acid is extensively used in photography as a reducing agent, aiid also in 
gonn» processes for colouring the hair brown or black. 

It is a weak acid. Tho addition of the .smallest quantity of alkali gives it an alkaline 
reaction and colours it. It liberates carbonic acid from the alkaline carbonates, but 
not from the carbonates of the alkaline earths. According to Rosing, it does not de- 
compose any carbonates. 

The pyrogallates are little known. They are more soluble than the gallates, but 
like them, they have a strong tendency to become coloured in contact with the air. 
To prevent this alteration they should be evaporated in a vacuum. 

The potassium-salt crystallises, according to Ptdouze, in rhomboulal plates. Accord- 
ing to Rosing, on the other hand, pyrogallic acid does not form definite salts with 
ammonia or with the fixed alkalis. 

The most stable of the pyrogallates is tho antimony -salt, C“H*8bO^, or rather 
C®n*(SbO)'0®, which separates in white nacreous lamiii® on mixing a somewhat con- 
centrated solution of the acid with a boiling solution of tartar-emetic. It remains 
unaltered at 130*^, is insoluble in water, but dissolves easily in hydrochloric acid 
(Boeing). A lead-salt containing 2C**H*®Pl/'0“.Pb"iP0* + lI*0 is precipitatod ou 
dropping a solution of neutral lead-ace tato into an excess of pyrogallic acid. (Sten- 
house, Ann. Ch. Pharm. xlv. 1.) 

Pyrogallic acid also combines with gelatin and ccLsdn. When heated for 36 hours 
with stearic acid to 200°, it forms a crystalline compound which cannot bo separated 
from the excess of stearic acid. (Rosing.) 

Tribromopyrogallic acid, — Produced by the action of anhydrous 

bromine on dry pyrogallic acid, and separates from alcoholic solution in largo crystals 
containing 1 at. water. It is nearly insoluble in cold water, decomposable by boiling 
water. The solution wlien mixed with alkalis, ae-quircs a deep red colour, changing to 
brown on exposure to the air. Ferrous sulphate produces, even in a very dilute solu- 
tion of the bromiiie-curapound, a deep blue colour, turning black on prolonged exposure 
to the air. (Rosing.) E. A. 

PlTROOXiXf. A name applied by Dumas to pyro-acids and other products of the 
action of heat on organic bodies. 

PTROOSiarXC ACZB. Syn. with Fobmic Acid. 

PTROaikircZC ACZB. Syn. with Pykodextbik. 

praooZtYOBZtXxr. Syn. with Diglycerin or Diglyceric alcohol. (See GLTCiERn;i, 
Hydbates of, ii. 894.) 
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pyroglycide-pyhomeconic acid. 


PTROO&TCllIB 


I. Syn. with Diglycide. 0^ {loc, cit), 

BnOGXiTCX.TBX8irLPBirROIT8 ACXB. An acid produced 

H* 3 


by the action of nitric acid on dithioglycerin or trithioglycerin (ii. 896). It is a 
gummy deliquescent mass. Its salts, formed by the substitution of M* or M" for the 
basic hydrogen of the acid, are insoluble in alcohol, and with the exception of the lead- 
salt, deliquescent. The solution of the free acid evaporated with dilute nitric acid, 
yields glyceri-monosulphurous, oxalic, and sulphuric acids; with excess of nitric acid, 
only the two latter. (Carius, Ann. Oh. Pharm. cxxiv. 221.) 


PTBOOWOMIXC IMEXXOnSRAXaS. Minerals which when heated to a certain 
deg^e, exhibit a glow or incandescence, probably arising from a new disposition of 
their molecules. Such is the case with gadolinito, orthite, pyrochlore, tachnewkiiiito, 
iiranotantalite, euxonite, f)olycriise, nialacone and a certain variety of sphone (Handw. 
d. Chem. vi. 62) : see also Amorphism (i. 200). 


PTROGVAXACXC ACZX>. Syn. with Guaiacol (ii. 946). 

PTROGTrAZACZXr. A crystalline substance produced, together with guaiacol, 
by the dry distillation of guaiarotic acid. See Guaiacum (ii. 948). 

PTROXiA. P^rola (or Ckima'phila) timhvllata^ contains according to S. Pairbanlc, 
(Am. J. Pharm. xxxii. 254; Jnhresb. 1860, p. 647), an iron-greening tannin, starch, 
gum, uncrystallisable sugar, pectic acid, resin, fat, chlorophyll, an acrid resinous 
substance, a yellow colouring matter, and a yoUow crystalline body called chima- 
phyllin. The Icavt’a (? dried) yield 5*24 per cent. ash. 

On distilling the plant with water, chiniapliyllin condenses in the neck of the retort 
(the stalks yield more tlian the leaves). It crystallises in long golden-yellow needles, 
tasteless, inodorous, sublimable without decomposition, insoluble in water, soluble in 
alcohol, dther, chloroform, and oils both fixed and volatile. The alcoholic solution is 
not prodpitated by mercuric chloride or tannic acid. 

PTR^&PXO ACXB. Syn. with Sebacic Acid. 

P’ntOXiiXOirxiOirs ACXB. Impure acetic acid obtained by the distillation of 
wood (i. 9). 

PYXlO£Xarp|« , Syn. with PvRXion. 

PTROXiZTaOFSBXiXC ACZXI. An acid oil produced by the dry 

distillation of lithofellic acid, the chief constituent of some kinds of oriental bezoar 
(ii. 684). Lithofellic acid, is extracted from these concretions by solution in 

boiling alcohol, and crystallises, after deco lorisat ion with animal charcoal, in very 
small rhomboidal prisms, colourless, hard and easily pulverised. It dissolves in 29 
pts. alcohol at 20°, and in 6 J pts. boiling alcohol ; in 444 pts. cold ether and 47 pts. 
boiling ether. It melts at 205°, volatilises in white aromatic vapours when melted in 
an open vessel, and is converted by dry distillation, with loss of 1 at. water, into pyro- 
lithofellic acid. 

PYROXiZVlZiZC ACZB. C*«II2«0» « 2C>®H»0*.H*0. (Sobrero, Ann. Ch. 
Pharm. liv. 206 ; Qm. xiv. 206.) — A product of the dry distillation of olivil (p. 200). 
It is a colourless oil, heavier than water, having the taste and smell of eugenic acid ; 
boils above 200°. It is very slightly soluble in water, but easily soluble in alcohol and 
in ether. The aqueous solution reddens litmus. The oil dissolves chloride of calcium, 
and cannot again be separated therefrom. It dissolves readily in caustic potash, but 
without yielding a crystallisable salt (thereby distinguished from eugenic acid). The 
acid reduces nitrate of silver, and is converted by nitric acid into picric acid and a 
resin. 

The alcoholic solution of tho acid forms with basic acetate of load, white curdy flakes 
which dissolve in alcohol and are separated from the solution by evaporation or by 
dilution with water. When separated by evaporation, they contain 57*6 per cent, 
lead-oxide ; when precipitated by water, 63*2 per cent., tho former agreeing with the 
formula C‘»H'WPb"0. 

PYROXairsZTZS. Native peroxide of manganese (lii. 811). 

PTROlOAXiZC ACZB. Syn. with Matbic Acid (iii. 784). 

PnOMARZe ACXB. An acid obtained by subjecting pimaric acid (p. 645) 
to drv distillation: probably identical with sylvic acid (Laurent: see (hnelin'a 
Handbook, xvii. 325). 

PTROMECOZrxC ACZB. Pyrocomcnio acid.--An acid isomeric with 
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pyromucic acid and citraconic anhydride, produced by the dry distillation of comenic 
or of meconic acid : 

CaiH)» = CO* + and C«H'0* « CO* + CWO*. 

Meconic Coracnlc Comenic Pyrome- 

acid. acid. acid. conic acid. 

It was discovered by Sertiirner in 1817, but regarded as identical with meconic acid, 
till the difference was pointed out by Bobiijuet in J833. It has been chiefly studied 
by Robiquet (Ann. Ch. Phys. [2] v. 282 ; li. 236), Steiihouse (Phil. Mag. [3] 
xxiv. 128), and J. F. Rrown (Phil. Mag. [4] iv. 161; viii. 201). 

Pyromeconic acid is prepared by subjecting meconic acid to dry distillation, between 
260° and 320°, pressing the semifluid distillate between pjiper, and purifying it by 
sublimation. It forms large transparent tables, dissolves easily in water md in alcohd^ 
melts at 120° — 125° and sublimes easily even below 100°. Its aqueous solution is 
coloured red hy ferric mlts. It is easily oxidised by nitric acid and by excess of chlor- 
inc-water, and converted into oxalic acid. With hromine~waUr it yields bromo- 
pyromeconic acid. It is not acted upon by iodine, but chloride of iodine converts it 
into iodopyromcconic acid. 

Pyromeconates. Pyromeconic acid is monobasic. It is a very weak acid, does 
not decompose carbonates, and does not appear to form definite salts with the alkalis, 
inasmuch as an alkaline solution of the acid in potash or ammonia deposits free pyro- 
meconic acid when left to evaponile. 

The barium-salt, C'®H"Pa"()‘*.n“0, and the calcium-salt C'®H®Ca''0® H*0, separate in 
slender needles when a solution of the acid supersaturated with ammonia is mixed 
with acetate of barium or calcium. — The stroutmm-saltf C*“IP‘Sr"0®.irO, separates on 
mixing alcoholic nitrate of strontium with an alcoholic andammoniacal solution ofpy- 
romoconic acid, as a white crystalline powder, and may bo obtained in stellate groups 
of needles by crystallisation from water. Tim cupric salt, C'®IT"Cii"0®, is formed by 
boiling the aqueous acid with excess of cupric hydrate, and separates from the filtrate 
on cooling in long, slender, emerald-green, very fragile needles. It may also be obtained 
by mixing ammoniacal cupric sulphate with a warm aqueous solution of pyromeconic 
acid. — The ferric salt, is deposited in vermilion -coloured cr^tals on 

adding ferric chlorido to a hot concentrated solution of the acid. — The lead-shlf, 
C‘®H“Pb"0®, prepar'd like the barium-salt, is a white crystalline powder. — The 
magnesium- salt, C‘'*H®Mg"0®, is a white amorphous precipitate, obtained on mixing the 
warm aqueous solution of the acid with acetate of nuignesiuni. — The sflver^salt is ob- 
tained on adding nitrate of silver to the aqueous acid, as a yellow gelatinous precipi- 
tate, moderately soluble in water and in alcohol. 

No ether or amide of pyromeconic acid lias yet been obtained. 

Sromopsrromeconlc acldf CWBrO*, is obtained by adding bromine-water to 
tliu aqueous solution of pyromeconic acid, care being taken to avoid an excess of 
bromine, as that would produce oxalic acid. Broniopyromeconic acid separates from 
the solution on standing, in colourless prisms slightly solublo in cold, more soluble, with 
acid reaction, in boiling water, easily soluble in boiling alcohol, which deposits it by 
slow cooling in shortened prisms. It is coloured dark red-purple by ferric salts, 
dissolves without alteration in sulphuric acid, but is decomposed, with effervescence, 
by nitric acid. When distilled it gives off hydrobromic acid, and if the heat bo 
continued, yields a crystalline sublimate. 

It is monobasic, does not precipitate or reduce nitrate of silver, and gives no preci- 
pitate with barium-, calcium-, or magnesium-salts, even in presence of ammonia. With a 
hot solution of ammoniacal cupric sulphate it forms a bluish precipitate. The lead- 
salt, C'®H*Br‘Pb''0® ( + H‘^0 according to Brown), is obtained on mixing the hot alco- 
holic solutions of pyromeconic acid and acetate of lead, ns a white precipitate com- 
posed of small needles which quickly decompose. It is insoluble in water and in 
alcohol. 

Zodopyromeoonlc acid, C^H’IO*. (J. F. Brown, Phil. Mag. [4] viii. 201.) 
— Produced by the action of protochloride^(or protobromide) of iodine in aqueous solu- 
tion on a cold saturated solution of pyromeconic acid. It crystnlliscs in shining 
laminse, melts when heated above 100°, forming a black liquid, which then suddenly 
decomposes, giving off a large quantity ‘of • iodine. Nitric acid decomposes it, with 
separation of iodine. When treated with excess of chloride of iodino it yields yellow 
hexagonal plates which wore regarded by Brown as a peculiar substance, iodomecone, 
C*HTO*, but pr obably consist of iodoform (iii. 311). 

Iodopyromcconic acid dissolves sparingly in cold water and alcohol, abundantly in 
both liquids at tlio boiling heat. The aqueous solution imparts a deop purple colour 
to ferric chloride, and forms with nitrate of silver a yollowish-wliite precipitate soluble 
in ammonia. 
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The alcoholic solution of the acid mixed with nnimoniji forms with ucetate of 
harium a ci^-stalline salt Jiaving the composition C'®H The Icad-mlt 

obtained in like manner, is an amorphous prt*cipitatc. 

jPTliOlliXXSXiZSfZi. Hydrated sulphate of nickel, occurring in capillary interlacing 
crystals, or as a greenish-white efflorescence, at Wallace Mine, Lake Huron, on a sul- 
phide of nickel and iron ; also as an earthy pale yellow crust at the Freriehs Mine near 
Bayreut. (Dan a, ii. 386. ) 

PTSOKBZ.X.ZTIC ACIB. C»IPO* or C'lTO''? (Erkmann, Ann. Ch. Pharm. 
Ixxx. 281.) — Produced by d:stilling mellitic acid at as low a temperature as possible. 
It then either sublimes in white ciystals, or distils over as an oil which solidifies 
in a ciystalline mass on cooling. Carbonic anhydride is given off at the same time, 
together with a little carbonic oxide, and a cai*bonaceous residue is left : 

2CHPO^ * + 3CO + H^O 

or more probably 

3C^H*0< = + 2CO*. 


It may also bo obhuued by distilling a mellitate, the copper or sodium-salt for 
example, with sulphuric acid; but the best mode of preparing the pure crystallised 
acid is to decompose the sodium-salt, purilie4 by ciystajiisation from alcohol, with hy- 
drochloric or nitric acid. 

Pyroniellitic crystallises in colourless triclinic prisms, exhibiting according to 
Naumann, the combination oP : ool**. oo'P . P^ . ^P. Poo . 2Poo . Angle oP : ooF = 
111^; oP: oo'P - 15'; oo'P : ool ' « 76° 30' ; oP : P = 62°; oP ; P = 71° 

45'; oo'P : P^ = 73°; ooF : P « 140° 46'; ooP : ^P « 147° 45'; oP : iopoo =;= 
99° 45'; oP : 2Pgo *= 76° 30' : c»Poo 2Poo = 156° 45'. The crystals are slightly 
Boluble in cold water, very soluble in boiling W'ator and in alcohol. 

The acid dried at 100° — 120° exhibits the following composition : 


* ' tlarbon . 
Hydrogen . 
Oxygen 


Water 


r th^stallisation 


Erdinunn. 

CIohsOB 

C«oH!JO< 

47-27— 47-81" 

47*24 

47*6 

2-34— 2-41 

2*37 

1*6 


60*39 

50*8 


ItU)^ 

lOO^ 


+2H20 

+ H*‘0 

12*33— 12*63 

12*41 

12*6 


The formula C*®II®0* accords best with the analysis, and also accounts most readily 
for the formation of the acid {vid, awp.). 

The cry soils heated to 100° give off 12*5 per cent, water; at a higher temperaturo 
the acid melts and sublimes with partial decomposition tlie melted acid if strongly 
heated, takes fire and burns with a bright smoky flame. The acid dissolves without 
decomposition in hydrochloric, nitric, and sulphuric acids at the boiling heat, and is 
precipitated by water from the luHt-mentioiied solution. 

According to the formula C'^H^O®, pyromellitic acid is tetrabasic, the formula of its 

normal salts being 1 0^. The pyromellitates of the alkali-metals are colour- 

less, crystaUisable, very soluble in water, insoluble in strong alcohol, slightly soluble 
in weak spirit. Their solutions precipitate a large number of metallic salts, the pre- 
cipitates being very apt to retain alkali, to avoid which it is best to pour the alkaline 
pyromellitate into an excess of a hot solution of the metallic salt. The bariurn-, calciu/m-j 
lead^^ and sUver-salts are white crystalline precipitates. The lead-salt gave by analysis 

66*34 and 65*23 per cent lead-oxide, the formula C'®H‘^Pb-0".H'‘'0, requiring 66*49 per 
cent.— The silver-salt gave 677 to 68*0 per cent. Ag’O; the formula C'®H*Ag^O® re- 
quires 68*0 per cent. 

PTROMBUZDB. A granitoid rock containing felspathic spherules thickly dia* 
seminated. (Dana, ii. 246.) 

PTBOMXSTSB. An instrument for measuring high temperatures. (See Hbat, 
iii. 20.) 

nitOMOBZXrTAianfZC ACZB. Syn. with OXYFHENIC Acid (p. 315). 

PTBOMOBPBZTB. Native Phosphato-chloride of lead. (See Phospkxtss, p. 
567.) 

BYBOnnrCAMZBB. See Pybomvcic Acid, Amides of (p. 764). 
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rntonnreto acid. c»h^o» = or 

Pyroschleinisdure. Bi'emschleimsdure. — This acid, metameric \nth pyromeconic acid 
and citraconic anhydride, wjis discoveredby Scheeleiii 1780, but regarded at that time 
as succinic acid. It whs first recognised as a distinct acid by Houton-Labillar- 
di^ro (Ann. Oh. Phys. [2] ix. 365), and has been further examined by Pelouze (Ann. 
Ch. Pliarm. ix. 273) ; Beussingault i^ihid, xv. 184) ; Lies-Bodart {ibid.c, 327); 
Schwanert (i/aVjJ. cxiv. 63; cxvi. 257); and bySchmelz and Beilstein (ibid. 
Suppl. iii. 275). 

Il is produced by the dry distillation of mucic acid : 

= CTI*0“ + CO* + 3IPO; 
and by the oxidation of fiirfurol, C^Tl^O* which is its aldehyde. 

Its relations to furfurol and to bases are sufficiently represented by the first rational 
formula above given ; but its relations to carbopyrolaniide and carbopyrrolic acid 
(p. 764), are better expressed by the second or third. 

Preparation. — 1 . Mucic acid is suhjected to dry distillation; tho distillate is mixed 
with water, filtered, and evaporated to the crystallising point; and tho product is purified 
by recrystallisation, distillation or sublimation. — 2. Purfurol is boiled with water and 
recently precipitated silver-oxide ; the silver is precipitattul from the filtrate by hydro- 
chloric acid ; the liquid again filtered and evaporated to the crystallising point ; and the 
acid, which usually has a green colour, is purified by recrystallisation from dilute 
alcohol (Schwanert). — 3. An alcoholic solution of furfurol mixed with a solution of 
pota.sh in absolute alcohol, solidifies to a crystalline mass of potassic pyromucato, from 
which tho acid may be obtained by distillation with hydrochloric acid (Ulrich, 
Zeitschr. Ch. Pharm. 1861, p. 186). Part of tho pyronmcic ;icid is converted at the 
same time into pyromiicic alcohol. (Schmolz and Beilstein, p. 765.) 

Pyromueicacid forms white netxlles or laminjo wliicli melt at 130°, and 
sublime easily even below 100°. It dissolves in 28 pts. of cold, and 4 pts. of boiling 
water, and is easily soluble in alcohol. 

Deamiposiiions. — 1. Pyronmcic acid is not attacked by nitric acid. — 2. 3ysulphurf0 
anhydride it is converted into sulphopyromucic acid, C^IUSO®.- -3. With pentachloride 
of phosphorus it yields chloride of pyromucyl, C®ii®0*Cl. — 4. By bromine, in presence 
of water, it is converted first into a heavy oil (probably C‘H-’0*), which appears to hav^ 
been previously noticed by C a hours {Gm. Handh, x. 384), and ultimately into 
mucobromicacid, O^IPBr^O* : | 

+ Br« -h 2H20 = C^IPBr*0» + CO* + 6lIBr. 

With in like manner it yields mucochloric acid, C^IFCPO*. (Schmelz 

and Beilstein.) 

Pyro mu cates. Pyromucic acid is monobasic. It dis.solves zinc and iron with 
evolution of hydrogen. 

The pyromuciites of the alkali-metals are easily soluble in water and alcohol, and 
difficult to cry'stallise. The potassium-suit, C^IPKO-’’, separates after a wliihi from its 
alcoholic solution mixed with ether, in brilliant scales and needb'S permanent in the 
air. The sodium-salt, rcscmble.s the potassium-salt and may be ciystallised 

in like manner. (S ch m e 1 z and Beilstein.) 

Tho barium-salt, C“‘lI“Ba"0®, forms small crystals soluble in water and in alcohol 
(Schwanert). The calcium-salt, C'”H®Ca"0* Is obtained, by neutralising the aqueous 
acid with marble and evaporating, in small crystals, easily soluble in water and in 
alcohol. When prepared like the potassium-salt, it forms a snow-whito crystalline 
powder. (Schmelz and Beilstein.) 

The cupric salt, obtained by neutralisation, forms small green crystals, 
C’“H*Cu"0‘'.6H*O, moro soluble in hot than in cold water. 

The lead-salt, C*®R'*Pb"0®.2Il*0, .separates from a concentrated aqueous solution on 
cooling in beautiful white liard crystals, sparingly soluble in cold, more soluble in hot 
water. (Schmelz and B e i 1 s t o i n.) 

The siLver-salt, C^II’AgO*, forms white crystalline scales, but is partly decomposed 
during the evaporation of its aqueous solution. 

Appendix to Pyrammie Acid. 

1. Mucobromlo acid* C^H*Br*0®. — To prepare this acid, bromine is slowly added 
to pyromucic acid covered with a little water in a cooled vessel till it no longer dis- 
appears; and the product is digested with excess of bi*omine over the water-bath, till 
the heavy oil produced in the first stage of the reaction {vid. sup.) is wholly converted 
into mucobromic acid. The solution concentrated at the heat of the watef-bath yields 
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mucobromic acid in tufts of white nacreous crystalline laminae, much more soluble in 
hot than in cold water, easily soluble in alcohol, melting at J20®, and subliming with 
partial decomposition. 

Mucobromic acid reddens litmus paper and decomposes carbonates, but its salts are 
very unstable. A solution of the acid in absolute alcoliol digested for some time with 
hydrochloric acid, yields on addition of water, oily drops probably consisting of etliylie 
mucobromate. 

When mucobromic acid is boiled with excess of baryta-water in a close yessel, car- 
bonate of barium is precipitated, gaseous bromacetyleuu is giv'on off, and a solution is 
formed containing bromide and mu con ate of barium. The reaction is, 

2C<H*Br*0» + H*0 = C*H»0» + C*HBr + 2CO* + 3HBr. 

Mucobromic Muconic Brom- 

acid. acid. acetylene. 

Boiled with oxide of silver ^ it yields a silver-salt having the composition CUI*Br*Ag30*, 
the reaction probably taking place as shown by the equation, 

2C^IPBr20> + 2Ag*0 =» C^H'^Br^Ag^O^ + AgBr + H*0 + CO* 

This silver-salt decomposed by sulphuretted hydrogen yields a crystallised acid, 
C’H*Br*0\ which, wlien boiled with baryta, is resolved into muconic acid, bromacety- 
lene, hydrobromie acid and carbonic anhydnde : 

C^H^Br’O* = C^II^O* + G*HBr + 2HBr + CO* 

The ultimate products are therefore the same as when mucobromic acid itself is treated 
with baryta- water. ( S c h m e 1 z and Beilstein.) 

2. XIEuooolilorlo acid, C*H'CPO*, is prepared by passing chlorine gas into a 
warm aqueous solution of pyromucic acid, and concentrating the liquid, first over tlie 
wator-bath, then over oil of vitriol and lime. It forms small, shining, limpid crystals, 
easily soluble in water and alcohol, and melting at 125'^. (Schmelz aud 
Beilstein.) 

3. ' Muoonlo acid,^ C^IPO*. — When the liquid obtained as above by the action of 
baryta-water on mucobromic acid is freed from excess of baryta by means of carbonic 
acid, and the filtrate is evaporated, 'nmconate of barium i&dvpmitodi in crystalline crusts 
which may be purified by washing with cold and recrystalliuation from hot water, or 
better by precipitation with alcohol. It then forms white flakes, consisting of 
2C*Ba''0*.H^« Its aqueous solution mixed with neutral acetate of lead, yields a white 
precipitate 6f muconatc of Icady which dissolves in boiling water, and separates in small 
crystals on cooling. By decomposing this lead-salt with sulphuretted hydrogen, and 
evaporating the filtrate, muconic add may be obtained in crystals. This acid, so far 
as its empirical formula is concerned, is homologous with pyromucic acid, (Schmelz 
and Beilstein.) 

pmoniirczc ACZB, AMZSOESOZ*. l. Pyromucamide, C'^H^NO* » 


oj. (C«H»0)"|^.— Produced by the action of ammoniaon 

pyromucic chloride (Li is- Bod art), or by heating ethylic pyromucate with strong 
aqueous ammonia for some time to 120® (Scliwanert). It is crystallisable, melts at 
about 130°, and sublimes easily without decomposition. It is soluble in water and in 
alcohol. 


2. Cai^bopyrrolic acid^ (C^H’O)" Vq . — ^This compound, metameric with pyromuca- 

. ^ . . ‘j 

Slide, and related to it in the same mannner as ninnino (lactamic acid) to lactamide 
(iii. 463), or glycocine (glycollamic acid) to glycollaraidc (ii. 902, 908), is obtained as a 
barium-salt by boiling carbopyrrolamide with excess of bar^^ as long as ammonia 
continues to escape, removing the excess of baryta by carbonic acid, and evaporating ; 
carbopyrollate of barium then separates on cooling in large crystalline laminae, and the 
aqueous solution of this salt decomposed by strong hydrochloric acid deposits carbo- 
pyrrolic acid in small white prisms. It sublimes at about 190° and decomposes at a 
slightly higher temperature into carbonic anhydride and pyrrol : C*H*NO* « CO* -r 
C^H*N. It is quickly decomposed by acids, yielding, instead of pyrrol, the products of 
decomposition of that substance, namely ammonia aud pyrroLred. 


• This name is also applied to nn acid having the composition produced by the action of 

nascent hydrogen on the acid which latter results from the action of pcntachloride of 

phosphorus oil muclc acid. (Uude, Ami. Ch. Vharm. cxxxU. Ud.) See Appbndix. 
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Carhopyrrolate of barium^ C*®n‘*I3a"N"0', forms white himiTiae, soluhle in water 
mh» 1 in alcohol.— The lead-^salt, C‘®H®Pl/'N C)*, ohtainod by doooinj'osijig the bariiiiu- 
K!ilt with excess of lead-hydrate, is very soluble in water, and remains in nucrooua 
crystalline scales when the solution is evaporated. 

H ) 

3. Dipyromucamide or Carbopyrrolamide^ C*II®N*0 ~ (C*IT*0)' 


■N® 




= (C^H‘0)" vN‘*. — This compound wjis first obtained by Halaguti (Ann. Ch. 

riiarm. c. 327), by the distillation of mucate of ammonium (or mucamide), and has since 
been more fully examined by Schwanort {ibid. cxvi. 270). Its formation from 
mucate of ammonium is represented by tlie equation : 

= cwN‘^0 + co* + 5ir-o. 

Part of the product is, howOver, resolved into ammonia and pyrrol (p. 783). To 
prepare it, mucate of ammonium is subjected to dry distillation ; the oily layer of 
pyrrol which floats on the watery distillate is removed; the solution, containing 
dipyromucamide and carbonate of ammonium, is evaporated over the water-bath ; and 
the dipyromucamide is extracted from tlui crystalline residue by alcohol, and purified 
by reci'ystallisation from the same liquid, with addition of animal charcoal. 

Dipyromucamide forms white, shining lamiiue, easily soluble in alcohol and ether, 
less soluble in water. At 173° it melts to a liquid which solidifies to a crystalline 
mass at 133°. When boiled in aqueous solution with excess of baryta, it is resolved 
into ammonia and carbopyrrolic acid : 

C5H«NiO + H»0 NIP C^H^NO*. 


PTROnSVeze A.XiCOROXi. A compound related to pyromucic acid in the same 
manner as benzylic alcohol, C'H^O, to benzoic aeitl, and produced (together 

with pyromucic acid) by the action of alcoholic potash on furfurol, just as benzylic 
alcohol is produced from bitter almond oil. It is, however, more easily produced by 
the action of sodium -amalgam on furfurol. It is a brown-rod oily liquid, nearly in- 
soluble in water, very eu.sily s(?luble in alcohol and ether, decomposed by distillation, 
converted by alkalis into pyromucic acid. (Schmelz and Boil stein, Ann. Ch. 
Pharrn. Suppl. iii. 275.) 

PYROMCTTCZC CKXiORZRS. C®TPO*Cl.— ^Produced by distilling pyromucic acid 
with pentachlorido of phosphorus. It is a liquid whicli boils at 170°, is converted by 
water into pyromucic acid, and by ammonia into pyromucamide. (Li es-Bodart.) 

PYROnCUeze BTRZIRS. Ethi/lic 'Pyromucate, C^1P(C*IP)0‘-, is obtained 
by distilling pyromucic acid with alcohol and hydrochloric acid (Malaguti). It 
forms a larntno -crystalline mass, melting at 31°, boiling between 208° nnd 21 0°, easily 
scduble iu alcohol and ether, insoluble in water. With ammonia it forms pyromu- 
cauiide. 

2. When this ether is subjected to the action of dry chlorine gas, it takes up 4 at. 
chlorine, without evolution of hydrochloric acid, and forms ch 1 oropyrom u ci c 
ether, C*IPCP(C*H®)0", a fragrant syrupy liquid, easily soluble in alcohol and ether, 
insoluble in water, and decomposing when heated, with abundant evolution of hydro- 
chloric acid. With the fixed alkalis or ammonia it yields alcohol and a metallic 
chloride. (Malaguti.) The acid corresponding to this chlorinated ether has not 
yet been obtained. 

PYROPB. Bohemian garnet containing chromium (ii. 772). Moherg supposes 
the chromium' to be in the state of chromous oxide, and gives, as the result of analysis, 
41-36 per cent. SiO*, 22*35 APO®, 9*94 FeO, 4 17 CrO, 15 00 MgO, and 5-29 OaO. 

PYROPBCTZC ACZB. a black substance produced by the action of heat on 
pectic, parapectic, op metapectic acid (p. 369). 

PYROPBORU'S (from wCp and if>4pfw ). — This term, in its widest sense, denotes 
any substance capable of taking fire spontaneously, or on very slight elevation of tem- 
perature, as is the case with phosphorus, phusphoretted hydrogen, cacodyl, &c.; but it 
IS more commonly restricted to finely divided solid bodies which exhibit this property, 
such as metallic iron reduced from the oxide by ignition dn hydrogen.' The spon- 
taneous inflammability of such bodies is due, partly to their powerful attraction for 
oxygon, partly to their pulverulent state, wliich enables them to condense the air 
rapidly within their pores, thereby causing a considerable rise of temperature, while 
at the same time they present a large surface to the action of the oxygon. When a 
solid mass of iiwi is exposed to the air, the heat developed by tlie oxidation of the 
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Buporficial particlos is at once conducted away throughout the entire mass, so that the 
temperature cannot rise sufficiently for the oxidation to go on ; but when the metal is 
reduced to a heap of very fine particlos, large numbers of these come into contact with 
the air at the same instant, and the heat developed by their oxidation is not conducted 
away to others which take no part in the action (see Combustion, i. 1095). 

The pyrophoric character is exhibited by all the more easily oxidable metals, which 
are reduced by hydrogen at temperatures below that at which their particles fuse or 
w(dd together, e,g. iron, idckel, cobalt, and manganese ; also by the mixtures of finely 
divided metal and carbon obtained by igniting the tartrates, citrates, oxalates, and 
other organic salts of lead, iron, and some other metals. Tartrate or citrate of lead, 
when ignited in a glass tube as long as gaseous matter is evolved, and then left to 
cool, takes fire instantly on being thrown out into the air. The sulphides of potassium, 
sodium, and lithium, obtained by igniting the corresponding sulphates with lamp- 
black, and the alum-pyrophorus or Homberg’s pyrophonis, pi'oduced by heating alum 
w'ith lamp-black, starch, or flour, likewise exhibit spontanoov** inflammability. (Haudw. 
d. Chem. vi. 718.) 


PYKOPBOSPBiLlMCZC ikCZBS. Gladstone in 1849 (Chem. Soc. Qu. J. iii. 
135), by subjecting chloronitride of phosphorus (p. 617) to th(‘ action of alkalis, 
obtained two tribusic acids, to wliich he iissigned the forrniilte and P®N*I1'‘0^, 

the first, called as’ophosphoric acid, consisting of phosphoric acid + PN, and the 
second called deutazo'plws'ph.oric acid^ or phosphoric acid + 2PN. Laurent, however 
(Compt. Chim. 1850, p. 387), suggested that these acids were amic acids derived from 
pyrophosphoric acid, the first l)tung pt/rophosphamic acid, P^NIl^O®, and the second 
pyrophosphodiamic acid, P^N-IT^O'^ ; and these formnlne have been confirmed by the 
more recent analyses of Gladstone and Holmes (Chem. Soc. J. xvii. 225). Lastly, 
Gladstone {ibid. xix. 1) has completed the series by the discovery of pyrophospho- 
triamic acid, P®N®H^O^. The relations of these acids to pyrophosphoric acid may be 
exhibited as follows : 


Pyrophosphoric acid 
Pyropbosphamic acid 

Pyropbosphodiamic acid . 
Pyrophosphotrianiic acid . 


. . * . 

» P*(NH*)H^O« 


=x P«(Nn*)®H*0* 
P=N»H’0* = P*(NH®)*H(P 


or rather 


(P.or| 


H® 1 
(P»0»)'^ 

H* J 

'N 

^0® 

H* ) 


(P203)lr 

H® j 

X)® 

IP ) 
(P'"0®V» 
H J 

N3 

H* ] 
(PW)*’^ 



Pyropbosphamic acid is tribasic, and pyrophosphochamic acid is dibasic, as indicated 
by their formula* ; hut pyrophosphotriainic acid, which from analogy might be expected 
to be monobasic, is in reality tetrabasic, being capable of yielding di-, tri-, and tetra- 
metallic as well as mouoiuiitallic salts : hence it is best represented by the formulsa 
in the last lino of the preceding table. 

1. Pyrppbofipliamlc acid, — P-NH*0*. — This acid is produced from uyrophospho- 
diami^^lli^d by simply heating its aqueous solution : 

P'"N®IPO» + H®0 = P^NH-^0® + NH»; 

but the decomposition is apt to go too far, yielding ultimately nothing but phosphate 
of ammonium. The metallic pyrophosphaniates, however, arc more stable, and those 
which are insoluble in dilute acids, the ferric or cupric salt for example, are easily 
prepared by heating an alkaline pyropHosphodiainate with an acid solution of the 
metal : 

P®N®H‘M®0» + MCI + IPO = P-'N1I*M»0« + NH^Cl. 

Pyrophospho- Pyiopliospliamate. 

Uiamate. 

By decomposing the silver-salt with hydrochloric acid and evaporating the filtrate, 
pyropbosphamic acid is obtained as a semisolid, non-crystalline mass, having an acid 
reaction, deliquescing in moist air, soluble in alcohol, and capable of bearing a strong 
heat without decomposition. 

I^rophosphamatc of Ammonium is obtained as a gummy mass by decomposing the 
lead-salt with somewhat less than an equivalent quantity of uminonia, and evaporating 
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thft filtrate in vacuo over oil of vitriol. The ■potasshnyi-saltf obtained in like manner 
by decomposing the feitic saJt with potash, is also a gummy mass. 

P^NW13a*0'®.— To prepare this salt, an alcoholic solution of chloro- 
nitrido of phosphorus is decomposed by potash or ammonia ; the liquid is evaporated 
to dryness ; the residue dissolved in water ; and the resulting solution of pyrophosj^ho- 
diamate of potassium or ammonium is boileti with excess of barium-chloride. The 
pyrophosphamate of barium is then precipitated as a white granular powder, easily 
soluble in nitric or hydrochloric acid, insoluble in acetic acid. 

The cupric salt, P^N‘IPCu“0'^.2n*0 (at 100°), prepared in like manner by boiling 
the slightly acidulated solution of an alkaline pyrophosphodiamato with cupric sulphate, 
is a blue flocculent precipitate. — Theycr/'/c sail, P''NJI^l'e'"0“ prepared in like manner, 
is a white flocculent precipitate, which affords a very characteristic reaction for j^yro- 
phosphamic acid. — The silver-salt^ P'-^NIl^Ag^O'*, is a white precipitate.— The zinc- 

is a white granular powder. 

2. Pyropbospbodiamlc acid, P^N‘■TPO^~TlIis acid is produced: 1. By tho 
action of water, or better of alkalis, on ehloronitridc of phosphorus in alcoholic so- 
lution. (Gladstone.) 

2P®N*CP -r 15IPO = fiP^N'IPO" + 12HCI. 

2. By the action of ammonia-gas on phosphoric anhydride 

P*^^ + 2NH" - 

3. By passing dry ammonia-gas over phosphoric oxychloride, till it is converted into a 
white solid substance, taking care that the timiperature does not rise too high, and 
treating this product with water, which dissolve's it complcjl ely, the solution containing 
hydrochloric and pyrophosphodiamic acids, partly as ammonium-salts : 

2(PCPO + NIP) 4- 3TPO *.n P-^N-^IPO® + 6HC1. 

The solution, when exactly neutralised with ammonia, yields precipitates of pyrophos- 
pliodiamates with several metallic salts. 

The last two methods maybe modified by using the very strongest solution of 
ammonia instead of the gas. There, are also other methods of producing this acid. 

4. By throwing pieces of pentachloride of phosphorus into tlje strongest aqueous am- 
monia, when some pyrophosphotriamate of ammonium is at the same time formed ; but 
the main result accords with tho following equation : — 

2PCP + 12NIP + filPO - P^N-^IPO* + lONH^CI. 

5. By exposing phosphoric oxychloride te arnmonia-gas at 100'^, when 4 at. of tho 
latter are absorbed (instead of 2 at., as described under the tliird method), and sub- 
mitting the product to tho action of water— 

PCPO -h 4XH» = PN='H^C10 + 2NIPC1. 

2PN«H^C10 + 3H20 = P2X*H«0* + 2NH*C1. 

6. By performing a similar experiment at a much highiir temperature, tho same amount 
of ammonia yields different pioducts, one of which is insoluble in water, but when 
heated with sulphuric acid, dissolves, with the tbrraatiou of pyniphosphodiamic acid. — 

7. The samo compound is formed when pyrophosphotriamic acid is heated in a similar 
manner with sulphuric acid — 

pzNsjpo* + H*SO' + H*0 = F'NMPO* -i- (NH*)nSO\ , 

Or, 8. When the samo acid is heated alone until it begins to suffer decompoOTtion.-— 
9. Gerhardt’s phosphamide, heated with sulphuric acid, also yields pyrophosphodiamic 
acid, thus — 

2VWIPO + H'SO* + 3H*0 « P^N’^H-O* + (NH*)^SO«. 

The general formula of the py rophosphodiamates is P^N^IPJVPO®, the acid 
being dibasic. It is somewhat difficult to obtain these salts purij, on account of the 
facility with which they are converted into pyrophosphamates. 

The harium-sdU P®N-'IT 'Ba"P‘, is a gelatinous precipitate which dries up to a white 
earthy powder. — Tho sUver-sait has the composition P-N'^H^Ag^O®. — The zinc-salty 
P*N*H‘‘Zn‘^0“, is a gelatinous precipitate easily soluble in acids, and to some extent in 
ammoniacal salts ; when dry it forms a white powder. 

• S c h I f f ( Ann. Ch. Pharm. cllf. 16«>. supposes that the product of this reaction Is phtupkatru’e acid, 
PHaNO* ; but Gladstone has shown that it is chieHy pyrophospht^iamic acid, mixed however with 
inetaphosphoric, and probably with other acids. (Chem. Soc. J. xvil, '2'2y.) 
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H 


or rather 


Pyrophoipliotrtaiiilo acW,PN»H'0< « F(NHa)»HO* « (PO»' 

H' 

In- 

i'’' Tq .—This acid is likewise formed by the successive action 


P(NH)-H-0« 


(P^O*)' 

of ammonia and water on phosphoric oxychloride : 

2(PCl-0 + 4NH-) + 2H20 = P*N>H’0- + 6HC1 + 6NH- 


When diy ammonia gas is slowly passed into a flask containing phosphoric oxy- 
chloride cooled by immersion in water, 1 at. of the oxychloride takes up 2 at. ammonia 
and is gradually converted, as above-mentioned, into a white solid mass. If the flask 
be then immersed in water at 100°, and the solid mass broken up from time to time 
2 at. more of ammonia are taken up, and on adding water to the white substance thus 
produced, pyrophosphotriamic acid is formed, together with pyrophosphodiaraic and 
hydrochloric acids, the two latter dissolving, while the former remains behind and 
may bo purified by washing, first with cold water, then with a little dilute alcohol. 

Pyrophosphotriamic acid thus obtained is a white, amorphous, tasteless powder, which 
reddens litmus when moistened. It is nearly insoluble in water, but is very slowly 
attacked by it at ordinary temperatures, more quickly when heated, yielding pyro- 
phosphodi^ic acid: 


P2N>H»0- + H*0 == FN^H-O- + NH*. 


When boiled with hydrochloric acid, it is speedily resolved into phosphoric acid and 
ammonia, pyrophosphodiamic acid being an intermediate product. 
Pyrophosphotriamates. — The acid, as already observed, is tetrabasic, the 

general formula of its normal salts being most probably P'''(NH)*M^O^ or (PO*)' 




The acid effervesces with solutions of alkaline carbonates, and when suspended in 
solutions of metallic salts, usually decomposes them, even in presence of the liberated 
acid. All the pyrophosphotriamates, even those of the alkali-metals, are insoluble or 
sparingly soluble in water. 

The ammonium-salt, P*N-IP(NH*)0^ formed by decomposing carlwnate of am- 
monium with the aci<I, oakos together in small white lumps, and readily gives up its 
ammonia to dilute acids even in the cold. 


Barium-salts. The mmobarytic salt, P^N'^II is prepared by diffusing the 
acid through a solution of barium-chloride, and carefully neutralising the liberated 

acid with ammonia. The diharytic salt, PWIP-Ba^O- or P*N-H®Ba''0^ by suspending 
the acid in excess of an ainmoniacal solution of barium-chloride. 

A white cadmium-salt is obtained by treating the aeid with chloride of cadmium ; a 
green chromium-salt, with cliromic acetate. The cohalt-salt, P*N*H-Co"0*, produced 
by digesting the acid with a slightly ammonlacal solution of cobalt-nitrate, has a 
beautiful violet colour : it is not decomposed by hydrochloric acid, and but slowly by 
dilute sulphuric acid. 

Co^'per ’-salts. The monocupric P‘N"IT'*Cu"0", is obtained as a pale blue 
compound (not quite pure) by treating the acid with [i slightly acidulated solution of 

cupric nitrate. The dicupric salt, PWII'®Cu''0*, obtained by digesting the acid with 
eupr^agetate, is greenish. 

alt, A monoferrous salt, P^N-Il'-Fe^O-, produced by digesting the acid with 
ferrous sulphate, has a yellow-drab colour, and is insoluble in dilute acids. No ferric 
pyrophosphotriamate has yet been obtained. 

Lead- salt 8,— ThQ monoplumldc .P'N®H**Pb"0", is obtained pure by digesting 

the acid with a decidedly acid solution of plumbic nitrate ; the diplumhk salt, 

P*N-H*®Pb^O*, by using a solution only slightly acidulated ; the triptumUc salt, 


P*N®H*Pb-0-, by warming the acid with basic acetate of lead. 

Magnesium-salts . — The product obtained by warming the acid with an ammo- 
niacal solution of magnesia, washing with water containing a little ammonia, and aftei’- 
wards with pure water, appears to be a mixture of mono- and di-miignesic pyropUos- 
photriamates. 

The manganese-salt is yellowish. 

ilfer ottf y P*N-H-Hg*0', obtained by diffusing the acid through a solution 
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of mercuric chloride, or a slightly acidulated solution of ammonio-mercuric chloride, 
is a heavy, white, granular powder which hecjomes yellowish, and eventually dark- 
coloured on exposure to light. Iodide of potassium first turns it scarlet, and then dis- 
solves out the mercury. 

Nickel-salt. — A feebly ammoniacal solution of nickel-sulphate jdelds a bright 
green pyrophosphotriamate. 

Platinum - salty P“N^II"Pt‘’0*. — Obtained by tre:iting the acid with a strong solu- 
tion of platinic chloride, as a bulky yellowish compound, which must bo washed with 
alcohol, as water decomposes it in presence of the liberated acid. 

Potassium- salty P*N-’H®KO^. — White, almost insoluble salt, produced by decom- 
posing carbonate of potassium with pyrophosphotriamic acid. It is easily decomposed 
by acids. 

Silver -salts. — The mxyno-argcntic salt, P®N*H®AgO*, is obtained as a white 
flocculent precipitate, soon becoming granular, by adding nitrate of silver to water in 
which the acid is suspended, and may be purified by digestion in dilute nitric acid or 
ammonia, which dissolves out a sliglit exce.ss of silver. It is insoluble in water, and 
is completely decomposed by hydmchloric acid. — The iriargentic salt, P'^N*H^Ag‘*0\ is 
obtained by precipitating an ammoniacal solution of silver-nitrate with a solution of 
pyrophosphotriamic acid, or better, by treating the mono-argentic-salt with ammoniacal 
silver-nitrate. It is of a bright yellow colour, heavy, granular, and when dry forms 
an orange-yollow powder. Dilute nitric acid or ammonia converts it into the mono- 
argentic salt. Acetic acid attacks it but slowly. 

Thallium- salt. — The acid treated with nitrate of thallium forms a heavy white 
compound, easily decomposed by rather strong nitric acid. 

Zinc -salt. — The acid decomposes chloride of zinc, forming a white pyrophos- 
photriamate. 

PYROPHOSPROlUC ACZB. See Pnospuonus, Oxyoen-acids of (p. 639). 

PYltOPRYXiZiZTB. A hydrated alumirnc silicate occurring in foliated, talc-like, 
siibtransparent masses, having a white, green, or yellow colour and pearly lustre ; 
liivrdnoss « 1 ; specific gravity = 2*7 — 2*8 ; flexible in thin laminm. Before the 
blowpipe it swells up, without fusing, in fan-like shapes, increasing to about twenty times 
its origin'al-'bulk. It forms a clear yellow glass with soda, and gives a lino blue colour 
with cobalt-solution. Partially soluble in sulphuric add. 

Analyses. — a. From Pschminsk in the Ural (Hermann, Pogg. Ann. xv. 392). — 
o. Spa iiiBelgium (Bammelsberg, ihid. lxviii.513). — c.Westana in Sweden (Berlin, 
ihid. Ixxviii. 414). — d. Chesterfield County, South Carolina (G enth, Sill. Am. J. [2] 
xviii. 449) : 



SIO«. 

Ar^03, 

Fe'-203. 

MnO. 

MgO. 

CaO. 

H20. 


a. 

69-79 

29-46 

1-80 

, , 

4-00 


6-62 =* 

100-67 

b. 

66-14 

25-87 


, 

1-49 

0-39 

5-59 = 

99-48 

c. 

66-69 

26-63 

0-76 

0-29 

0-17 

0-67 

6-45 « 

100-66 

d. 

66-41 

28-50 

0-91 

. 

0-25 

0-39 

6-23 = 

100-69 


The last three analyses may be represented approximately by the formula 
2APO«.9SiO* 3H*0 ; the fii’st by ( jyig"O.SiO0.3(AV^O».3SiO*).3H®O. Some of the 
Chinese agalmatolitos (i. 60) approach very nearly to pyrophyllito. (Rammels- 
b erg’s Mineralchemiey p, 686.) 

PTROPHYSAUTli. Syu. with PHYSAniTE (p. 634). 

PYROPXnr. The name given by Thomson (Phil. Mag. xviii. 375?!^ a red 
substance extracted from elephants’ teeth ; apparently an albuminoid. 

PYROPXSSZTZI. A yellowish-brown, opaque, earthy substance, occurring in the 
lignite of Weissenfels. Boiling alcohol extracts from it 30 per cent, of a white, fusible, 
combustible matter. When heated above 100° it melts with tumefaction, and evolu- 
tion of white vapours, to a black inflammable mass ; soluble for the most part in oil 
of turpentine. By distillation, according to Marehand, it yields 62 per cent, paraffin, 
and 3 cubic feet of illuminating gas, from a pound of the material. (Kenngott, 
Min. Forsch. 1860—61, p. 148.) 

VnOQVZPrOl*. Syn. with HTDROQUiNOJtE (iii. 213). 

€^* 11 * 0 * 1 

VnORJLCBXmo ACZB. » Pyruvic acid. Brenztrau- 

bensdure, (Berzelius Ann. Ch. Pharm. xiii. 61. — ^Volckel, ibid. Ixxxix. 66, 
WislicenuB, ibid. cxxvL 285.) — An acid homologous with glyoxalic acid (C*li*0*) 
produced by the diy distillation of racemic or tartaric acid : probably thus : 

C"H«0* « C»H<0» -r CO* + H*0. 

3D 


VoL. IV. 
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To prepare it, tartaric acid is distilled at a temperature gradually rising to 300®, and 
the distillate is redistilled several times, the portion which goes over between 165® and 
170° being ultimately collected apart. This di.stil]ate left for some days over oil of 
vitriol and solid potash, yields pure pyroraeemic acid. (Vdlckol.) 

Pyroracemic acid is a liquid having a faint yellowish colour, smelling like acetic 
acid, and boiling at about 165° but with partial decomposition at each distillation. It 
is soluble in water, alcohol, and ether. 

When subjected in aqueous solution to the action of nascent hydrogen — evolved by 
Bodium-amalgam (Wislicenus), or by zinc and sulphuric acid (Debus)-H)r of hy- 
driodic acid^ or iodide of p?tosphorus^ it takes up 2 at. hydrogen, and is converted into 
lactic acid or if the reducing agent is employed in larger excess, into pro- 

pionic acid(p. 730). It unites directly with 2 at. bromme, forming the compound 
probiibly'i^^)romolactic acid. These reactions show that pyroracemic 
acid is related to lactic acid in the same manner as acrylic to propionic acid, also that 
its relation to acrylic acid is the same as that of lactic to propionic acid. (Wis- 
licenus.) 

Pyroracem ates. The acid is monobasic, the formula of its salts being C^H^MO*. 
They crystallise well, provid(?d th.at heat is avoided in their preparation. The potas- 
and sodiicm-salts are deliqiiosccmt. The sodii'm-sali forms large a nhydrous prisms, 
C*H*NaO*. Tho/cafl(-sa/jf, C^lPPh"!)*, is a crystalline precipitate. The silver-salt is 
also crystalline, and may Idc rocrystalliscd from boiling wattsr. 

^.-'Pyroracemic acid. — When an aqueous solution of pyrorjicemic acid is eva- 
porated by heat, there remains a non-volatile syra])y mass which appears to he a 
polymeric modification of the arid. It is likowi.se produced when the acid is .separated 
from its salts, Thi.s syrupy acid docs not form cry. stall isablo salts, its salts being all 
amorphous and giimm}'. ilie same gummy salts are obtained when the solutions of 
the crystalline pyroraceino.t(#s arc evaporated by heat. 

When pyroracemic is treated with exee.ss of baryta, a yellowish precipitate is fonned 
having the composition of a basic barium-salt of tripyroracemic acid, 

C'"H‘*Ea"®0'‘*.13a"TI.‘'0* On boiling this precipitate for some hours with excos.s of 
bary lc hydrate, oxalate of barium separate.^ out, and the supernatant liquid, when 
freed from baryta by sulphuric acid and evaporated, leaves a syrup which partly 
solidifies in the crystalline form (Finck, Ann. Cli. Phai*m. exxii. 182). Tho crystals 
when purified by rocry.stalll.sation from alcohol and ether, constitute Finck’ .s uvi tic 
acid, C®H^O*, which melts at 287®, sublime.s w'ithoiit decomposition, and form.s crys- 
tallisable salts, tho sparingly soluble silver-salt having the composition C*Il'‘Ag'‘’0^ — 
Tho syrupy liquid, Finek’s uvi tonic acid, ha.% according to his analysis, the compo- 
sition It forms amorphous salts, and appears, both from its properties and 

from the analysis, to be merely the above-mentioned syrupy modification of pyroracemic 
acid. (Kekule, LehrhucJi^ ii. 213.) 

PTRORSTIMT. Eetinite from the lignite of Aussig in Bohemia (see Betinite). 

PTRORTRZTS. See Obtuite (p. 237). 

PYROSCXtERZTE, including Kmnmcrcritc . — These minerals are alumino-silicatos 
containing chromium. They occur in .six-sided prism.s, apparently belonging to the 
hexagonal system, with perfect ba.sal cleavage ; also mas.sive. 

Pyroschritc is translucent, with a green-givyish or reddish colour, and weak pearly 
Itistre. Hardne.ss — 2*5 — 3. Specific gravity — 2-6 — 2 74. Fracture uneven and 
splintery*^* Gives off all its water at a .strong heat ; melts with difficulty before the 
blowpipiPfo a gi*oy glass, and gives with fluxes a faint chrome reaction. Decomposed 
by hydrochloric acid. 

Kcemmererite. is also translucent and has a pearly lustre ; but its colour is reddi.sh- 
violet like that of lepidolite. Hardness « 1-5 — 2. Specific gravity =* 2*6 17 - 7-2 
Sectile and flexible. Feels greasy. Gives off empyreiimatic water when heated. Ex- 
foliates slightly before tho blowpipe, but does not fuse ; gives with fluxes tho reactions 
of chromium. Decemposed by hydrochloric acid. 

Phodochrome is a variety of ksemmererito, having a greenish-black colour in the 
mass, but peach-blossom red in thin splinters. Hardness » 2 5 — 3. Specific gnivity 
■s 2*65-^ -2*67. When strongly heated before the blowpipe, it melts on the edges to 
a yellow enamel. 

Analyses. — a. Pyro-sclcrite from Elba (v. K obeli, J. pr. Chem. ii 51). — 
mererite from Bi.sser.sk in Siberia (Hartwall, Berz. Jnhresb. xxiii. 266). — c. K. from 
Lake Atkall in the Ural; a. crystallised; iS. massive: (Hermann, L 

pr. Chem. liii. 22). — d. K. from Texas, Lancaster County, Pennsylvania : «. by Gentn 
(SilL Am. J. [2] xv. 438) ; /3. by Smith and Brush {ibid. xvi. 41). 
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Kaeinincrerite, 


Silica. 

Pyrosclerite. 

a. 

A 

a. 

c. 

5- 

1. 

a. 


37*03 

37*0 

30*58 

34*64 

32*98 

33*28 

Alumina . 

13*60 

14*2 

15*94 

10*50 

11*11 

10*60 

Chromic oxide . 

1-43 

1*0 

4*99 

6*50 

6*85 

4*72 

Magnesia . 

31*62 

31*5 

33-45 

35*47 

35*22 

36*00 

Lime . 

, 

1*5 



0*38 

0*35 

Ferrous oxide 

3*52 

1*5 

3*32 

1*80 

1*29 

1*60 

Water 

llOO* 

13*0 

12*05 

12*03 

13*12 

12*95 


98*10 

997 

100*33 

99*94 

100*96 

99*50 


All those minerals may be represented as compounds of a metasilicate, M"SiO* or 

M'O.SiO* with an aluminate, M*Ai*0* or and water, tho aluminium being 

partly replaced by chromium, and to a greater extent in kajinmererite than in pyros- 
elerite. Calling the silicate A and Uie aluminate li, 

a. may be represented as 9 ^ + 7? + 9 aq. 

b. „ 9 ^ + 7^ + 1 *2 aq. 

c. d. „ 6 A + jB + 9 iiq. 

Vermicvlite from Millniry, Massachusetts, may be rega, riled as belonging to the same 
family, though it contains no ehrorninm. It has agranular, scaly structure, cund greasy 
feel, and is especially characterised liy ifs behaviour b<‘fi>re th<' blowpipe, opening out 
into worrnliko threads, expanding to many times its original bulk, and ultimately 
melting to a yellowish-green glass. It is decomposed by liydrocliloric acid. Contains, 
according to Crossley {Bands Mineralogy ^ ii. 292), 35'7I per cent. SiO®, 10'42 
A1®0®, 27*44 MgO, 10*92 FeO and id* 30 water, and may be represented by the formula 

8M"Si0».Ml*0*. 8 aq. 

Chonicrite Loganite (iii, 732), and Tabergite are sometimes also classed with 

pyrosclerite. 

PYROSIMCAXiZTS. A silic;ite of iron and manganese contnining chlorine, occurring 
in hexagonal prisms or tables lutving <he principal axis 0*5307, and exhibiting tho 
faces oP, P, 2P, ooP Cleavage perfect parallel to the base, irnperfeet parallel to ooP. 
It also occurs massive. Hardness = 4 — 4*5. Specilic gravity = 3 0 -3*2. It has a 
brown colour and pearly lustre; streak paler than the colour. Fracture uneven, 
rather splintery; somewhat britih'. When strongly heated bi'fore the blowpipe^ it 
melts to a black slag, attractable by the magnet. Fuses roatlily with borax, exhibiliug 
the reactions of iron and niangane.se. Dissolves perfectly in strong nitric acid. 

A specimen from the Pjelkey mine near T^ordmarkeii in W(>rinland, Sweden, was 
found by Hi singer (Schw. J. xiii. 341 ; xxiii. 54) to conlain 35-85 per cent. SiO®, 
35*48 APO®, 24*26 MiPO®, 1*21 CaO, 3*77 chlorine, ainl a quantity of water not deter- 
mined. Its composition may be represented approximately by tho formula 
Fe"CP.3(4M"0.3Si0‘‘ + 2 aq.). 

Pyrosmalite occurs also at Nya Kopparberg in Wo.stmannland 
PTROSORBZe ikCZR. Syii. with Maleic Acm. 

RTROSTBARZlfa The name applied Jlerzelius to tho less fusible portion of 
the distillate obtained by distilling emp 3 'reumatic oils with water, the more fusible por- 
tion being called (Handw. d. Chom. 2to. Autl. ii. [2] 418). 

P'S’ROBTZBZTE. Syn. with Keumesitb or I?ri) Antimony (iii. 446). 
BTROTARTARZe ACZB. | O®. —This acid was discovered 

in 1807 by Valentin Rose, among tho products of the distillalion of tartar. It has 
been investigated chiefly by Gruver (Trommsd. N. J. xxiv. 2, 55), Pelouze (Ann. 
Ch. PhysJ21 Ivi. 297), We nisei os (Ann. Ch. Pharm. xv. 148), Arppo {ibid. Ixvi. 
73), and Kekul5 (ibid. Siippl. i. 342). 

It is produced — 1. By tho dry distillation of tartaric acid : 

2C*H«0« C*H»0« + 3CO* -t- 2H*0; 

2. By the action of sodium-amalgam on itaconic acid or its isomers, citraconic or 
mesRconic acid : 

C*H«0* + Hg^'Ka® « Hg -j- C'‘H«Na®0^ 

' Itaconic Pyrotartrate 

«cid. of sodium. 

This reaction is.analogous to that by which the homologous body fumaric^id, 
is converted into succinic acid (ii. 743). 


3 D 2 
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It may also be formed from itaconic acid by converting the latter into dibromopy. 
potartaric acid, and reducing the latter with sodium-amalgam. (Kekul6.) 

3. By heating cyanide of tritylene with alcoholic potash, the action being analogous 
to that by which the fatty acids are formed from the cyanides of the monatomic radi- 
clejj (Maxwell Simpson) : 

C^H^CCN)* + 4H*0 = 2NH» + C»H"0^ 

Preparation, — 1. From Tartaric acid. Tartaric mixed with an equal weight of 
pounded pumice is distilled in a capacious retort ; the distillate is diluted with 
water; the empyreumatic oil is removed by filtration ^ the filtrate is evaporated to the 
crystallising point; and the crystals are freed from adhering oil by spreading them 
out on paper under a hell-jar near a dish containing alcohol. This process yields a 
quantity of pyrotartaric acid equal to 7 per cent, of the tartaric acid used. 

2. From Itaconic acid. Sodium -amalgjim is added to aqueous itaconic acid, and 
the liquid, decanted from the separated mercury, is saturated with hydrochloric acid 
and evaporated ; the residue is treated with alcohol, which dissolves out the pyrotar- 
taric acid and leaves the greater part of the chloride of sodium ; the alcoholic solution 
is evaporated to dryness ; and the pyrotartaric acid is extracted from the residue by 
ether. (Kekul6.) 

Propertius. — Pyrotartaric acid crystallises in colourless, sometimes, well developed 
prisms with rhombic base and truncated on the lateral edges. It is very soluble in 
water, alcohol and ether: 1 pt. of it dissolves in pt. water at 20®. It melts at 112®, 
begins to boil at about 200® and then volatilises, being partly converted into pyrotar- 
taric anhydride C*H**0*. It is not attacked by nitric acid or by cold sulphuric acid. 

A concentrated aqueous solution of pyrotartaric acid does not produce any turbidity 
in baryta- strontia- or lime-water, or in solution of nitrate or neutral acetate of lead; 
but with basic acetate, of lead it forms a copious white curdy precipitate insoluble in 
water, but very soluble in the basic Icad-acetote and in excess of acid. 

Pyrotartrates. Pyrotartaric acid is dibasic, forming neutral and acid salts, the 
general formulae of which are : 

NeutraK AHd. 

For monatomic metals . C*IPMO* 

For diatomic metals . or 

There are also a few basic pyrotartrates of di- and triatomic metals. The acid salts 
of the alkali-metals and alkaline-earth-metals, obtained by neutralising a certain 
quantity of pyrotartaric acid with the base and then adding a quantity of the acid 
equal to the former, crystallise well ; the soluble neutral salts are somewhat difficult 
to crystallise. 

Pyrotartrates of Aluminium. Moist hydrate of aluminium dissolves easily 
in pyrotart-aric acid, and the solution when concentrated yields crystals. A basic salt, 
2C*H*0\A1*0® or 2(C‘*H*'Ar"0‘=*.AP0*).3H*0, is obtained as a heavy powder by pre- 
cipitating a neutral solution of aluminic chloride with neutral pyrotartrate of sodium, 
or by boiling moist alumina with a quantity of the acid not sufficient to dissolve it. 

Ammonium- salts. — The neutral salt is deliquescent, and gives off ammonia on 
evaporation. The acid salt, C*II'(NH^)0^ forms beautiful rhornboi'dal prisms, perma- 
nent in the air, very soluble in water. 

Barium- salts . — The neutral salt, C*H®Ba'*0*.2H*0, is a crystalline powder 
formed of small rhomboidal prisms, very soluble in water, insoluble in alcohoC — The 
acid salt, C‘®H'‘Ba"0*.2H*0, forms stellate groups of crystals. 

BismMh-salt. — A solution of recently precipitated bismuth-hydrate in pyrotar- 
taric acid yields on addition of water, a precipitate containing C**H’*Br''*0**.6H*0. 

Cadmium- salts.^—^L. Neutral, C®H®Cd"0^3H*0. — The solution of cadmic carbonate 
in the aqueous acid yields, by concentration, crystalline grains very soluble in water, 
insoluble in alcohol, and still retaining 1 at, water at 200®. — The acid salt is 
obtained by evaporation as a viscous mass in which a few long needles form after a 
while. 

Calvin m^salts. — a. Neutral, C®H•Ca"0^2H'■*0.— White pulverulent precipitate, 
slightly soluble in water, very soluble in acetic, hydrochloric, and nitric 
insoluble in alcohol. — j3. The add salt, obtained by evaporating a solution of the 
neutral salt in pyrotartaric acid, forms crystals containing C*H«Ca"O®.6C*H*0*.2H. O. 
(Arp.pe.) 

Cobalt-salt, — The solution of cobalt-hydrate in pyrotartaric acid depots on 
evaporation colourless crystals of the acid mixed with a red insoltiblo salt. On n^ 
tralimng tlu acid liquid with ammonia, a rose-coloured c^stalline powder is fonneOt 
T^ich ffissmves in water, but is decomposed at the same tima 
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Copper •salts, — a. Neutral^ C*H®Cii''0*.2H®0. — P 3 T:*otartrate of sodium forms with 
cupric salts a blue precipitate soluble in about 250 pis. of water, very soluble in acids 
and ammonia; it retains 1 at. water at 100^. — /8. A baeio salty C*H®Cu"0*Cu"H^0''*, 
is deposited in greenish flocks on evaporating a solution of the neutral salt in ammonia, 
after addition of water. 

Glucimim-salt s. — Pyrotartaric acid .saturated wi th gl ucina leaves when evaporated 
over oil of vitriol, a crystalline acid salt, C'‘H'*G"0-*.C"H“0\ which when heated to 180° 
is converted into the neutral salt, C“R'’G"0‘. 

Iron-salts. — a. Ferrous salt. — The acid dissolves iron, with evolution of hydrogen, 
forming a solution which quickly turns red, and deposits red flocks on addition of 
water or alcohol. — 3. Ferric salt. Ferric chloride forms with pyrotartrate of sodium a 
rod viscous precipitate containing 2C*H®0lFe“0*.3IP0 or C*4P‘Fe'"0''-.Fe*0®.6E"0. 

Lead-salty C®II“Pb*’0*.2H“0. — Precipitated after a few hours from a solution of 
the potassium-salt mixed with nitrate or neutral acetate of lead, in needles if the solu- 
tion contains free acid, as a powder if it is neutral. It dissolves in small (juantity in 
})(>iling water, and is deposited in needles on cooling: dissolves also in nitrate of lead. 
The same salt is formed by treating carbonate of lead with pyrotartaric acid and 
filtering to separate a basic salt. Pyrotartaric acid forms a curdy precipitate with 
basic acetate of lead (p. 772). 

Magnesium- salts. — A solution of magne.sia in pjTotartaric acid evaporated over 
oil of vitriol, loaves the neutral salt as a gummy very friable mass, apparently 
containing C®H®Mg"0^3lI*0. The same solution evaporated to a syrup, and then 
mixed with water, deposits a crystalline mass consisting of C^ll‘*Mg"0\6lP0. — The 
add salt is gummy. 

The manganese- salt, C®IPMn"0\3lP0, is obtained by evaporation as a gummy 
mass, very soluble in water, insoluble in alcohol. 

The mercurous and mercuric salts are white precipitates. 

Nickel-salts. — The neutral salt. C®H®Nr0'.2H'“0, is obtained by evaporating the 
green solution of nickel-hydrate in the acid, rcdissolving in alcohol, and ajiain evapora- 
ting, as a green, crystalline, sparingly soluble powdiu*, which gives off its water at 200°. 
— The acid salt, C®H®Ni"O*.C^H’’0‘.H*O, is obtained as a crystalline mass by leaving 
the solution of the hydrate in pyrotartaric acid to eva})orate over oil of vitriol. 

Potassium-salts. — The neutral salt, C*H®K^0MI'0, is very soluble, deliquescent, 
and may with some difficulty bo obtained in foliated cry.stals by evaporating its solu- 
tion in a hot air chamber. — Tlio acid salt, CEl’KO*, is obtained by spontaneous evapo* 
ration of a solution of the acid lialf saturated with potash, in colourless, oblique, rhom- 
boi'dal prisms, permanent in the air. 

The silver-salt, C*IPAg-'0\ is a white, curdy precipitate which blackens when 
exposed to light. By heating it in a current of dry hydrog(m, and washing the product 
with water to remove free acid, a brown powder is obtained consisting of argentoua 
pyrotartrate. 

Sodium-salts. — The neutral salt, C“IPNa*0^6IPO, forms efflorescent laminae very 
soluble in water, insoluble in alcohol. — The acid salt, C^H^NaO^, crystallises with 
difficulty in small rhomboidal prisms. 

Strontium salts. — The neutral salt, C*n«Sr"OMPO, forms prisms very soluble 
in water, insoluble in alcohol.— The acid salt, C®H®S^"0^C»H“0^2H*0, crystallises in 
nacreous scales. 

Tin -salt, — Stannous oxide dissolves easily in pyrotartaric acid, and the solution, 
filtered from a yellow basic salt, yields with alcohol a precipitate apparently 
containing C*H‘*Sn''0*.Sn''0. 

Uranic salt. — The yellow solution of uranic hydrate in the acid deposits on 
evaporation, a yellow powder, very soluble in water, insoluble in alcohol, and con- 
taining according to Arppe, C'®H*'U" O**.U»H30»or 2C'‘H®(U*0•)"0^CEP0^2H'-*0. 

Zin7-salt8,—T\x& neutral salt, C“H®Zn"0*.3H*0, is obtained by evaporation as a 
thick syrup, gradually depositing crystalline granules which increase in quantity on 
addition of a small quantity of water. It retains 1 at. water at 200°. — An insoluble 
basic salt is obtained by concentrating a solution of zinc in pyrotartaric acid to a small 
bulk and treating the residue with water. 

Blbromopyrotartarlo aoid» C®H®Br^O®. — ^This compound has not yet been 
obtained as a substitution-product of pyrotartaric acid, but is formed by direct addition 
of bromine to itaconic acid, C*H®0®. To prepare it, 4 pts. of itaconic acid are shaken 
np with 6 pts. of bromine and 4 or 5 pts. of water. The reaction comhiences at 
ordinary temperaitures and is attended with evolution of heat, but towards the end it 
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iftust be assisted by the heat of a water-bath. The crykalline crust which separates 
on cooling, and the crystals obtained by evaporating the mother-liquor, are' purified by 
recrystallisation from a small quantity of water. 

Pibromopyrotartaric acid forms colourless crystals easily soluble in water, alcohol, 
^and ether. When treated with sodimn-amalijam^ it is converted into pyrotartaric 
acid. On adding oxide of silver to the aqueous solution, the 2 at. bromine are 
replaced by 2 at. HO, and an acid, CHI"0* homologous with tartaric acid, is produced : 

C*H«Br20* + Ag^O + H^O = 2AgBr -f CH1«0«. 

Pibromopyrotartaric acid is dibasic. Its salts have not betn much examined. In 
preparing them it is necessary to avoid rise of temperature, as they are easily decom- 
posed thereby, with separation of metallic hrfjmide and formation of a crystallisablo 
monobasic acid, called a conic acid, C*H^O*; e.g, : 

C^H^BrWO* * 2NaBr + C-^IPO^ 

On boiling a solution of the sodium-snlt and adding carbonate of sodium in such quan- 
tity, that 3 at. sodium shall be present for every 1 at. of diljromopyrotartaric acid, a 
solution is obtained which on sufiBcient concentration, yields largcj crystalline plates 
of aeon ate of sodium, obtainable by slow evaporation from aqueous solution, 
in large, well-developed, efllorescent crystals containing C'’H®Na0M5H*O. In like 
manner by boiling a solution of barytic dibromo-pyrotarirato, adding carbonate of 
barium in sufficient quantity to neutralise the reaction, and mixing the filtrate with 
alcohol, aconate of barium, C‘®H*Ba"0®, is precipitated in white fiocks, very 
soluble in water, insoluble in strong alcohol, crystallising in needles from dilute 
alcoliol. 

By treating citraconic and racsaconic acids which are isomeric with itaconic acid, 
with bromine and water as above, acids are produced, isomeric but not identical with 
the dibromopyrotartaric acid just described. Tlie three isomeric acids may be distin- 
guished as ita-, eitra-, and mosa-dibromopyroturtaric acids. 

Citra-dibromopyrotartaricacidf C-'H^Br^O®, is much more soluble than ita- 
dibromopyrotartaric acid. It usually crystallises in cauliflower-like groups of 
microscopic needles. When lieated it yields monobromocitraoonic anhydride, 
C«lPBrO» : 

C»H«Br*0* «. C®H»BrO* + H»0 + IIBr. 

« 

Citra-dibromopyro tartaric acid is also dibasic, and its salts arc readily decomposed 
by boiling with water or excess of base, but in a totally different manner from the ita- 
dibromopyrotartrates, carbonic anhydride being given off, and a salt of rnonobromtv 
crotonicacid produced : thus, 


C»H^Br*Na*0® 
Citra-dibromopyro- 
tartrate of «odium. 

C»H^BrNaO* + 

Monobromnerotonate 
of sodium. 

NaBr 

+ 

CO*. 

2C®H^Br*Ca"0‘ 

Citro-dibromopyro. 
tartrate of calcium. 

» C'®H®Br*Ca"0* + 

Monobromocrotonate 
of calcium. 

Ca"Br* 

+ 

2CO*. 


(See Cbotonic Aoin in the Appendix.) According toCahours (Ann. Ch. Phys. [3] 
Ixvii. 137), an acid having the composition of dibromobutyric acid is formed at the 
same time as an intermediate product : 

C«HflBr*0® *= C®H®Br*0* + CO* 

Mesa-dibromopyrotartaric acid is much less soluble than eitra-, but more 
soluble than ita-dibromopyrotartaric acid. It crystallises in nodular or spherical 
masses. Its salts when boiled with water likewise yield bromocrotonic acid. (Kekal<^, 
Ann. Ch. Pharm. Suppl. ii. 100.) 

VnOTAStTAltZC AXrB'raRn>B. C*H®0» - C*H«0*.0.— Obtained by 

distilling the acid with phosphoric anhydride. It is a liquid boiling at a temperature 
above 300^, insoluble in water, but gradually converted by absorption of water into 
pyrotartaric acid. 

VnOTARTARXC BTBBRS. The only one known is the ethylic ether, 
C*H*(C*H®)*0®, which is produced by passing hydrochloric acid gas into an alcoholic 
solution of the acid. It is an aromatic liquid boiling at 218^, gradually decomposed 
by water. 

WYWilTiLMVTUMXlM, or Thenyl-pyroiartrimide^ C*‘H"NO* 

(Arppe, Ann. Ch. Pharm. xc. 138.)- Produced by heating aniline with pyrotartaric 

acid to a temperature a little above 100® for about ten minutes. On dissolving the 
solidified mass in boiling water, treating the solution with animal charcoal, and leaving 
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it to cool, pyrotartranil is dcposiUul as a pul rerulcnt precipitate composed of microscopic 
needles. It has neither taste nor smell ; melts at 98 sublimes without decomposition 
at 140°, boils with partial decomposition at about 300°. It is slightly soluble in boiling 
easily soluble in ufcohof and ci kcr, also iii ttqueous alko/is, by which when heated 
it is converted into py rota r trail i lie acid. AVlion fused with a! kaf inc ht/d rates, it 
is resolved into aniline and pyrotartaric acid. Nitric add converts itintopyrotartro- 
nitranil. 

PYROXARXllAirZMC ACID, or Vhenyl-irijroiartraaiic arid, C'*ll''*NO* = 

cw.in^ 

(C^IPCV) (Arppe, lur.cit.) — Productul by the action of aidlliie on pyrotartaric 

anhydride ; also by the mctarnorphosi.s of pyrotaitranil umhu’ tlie influence of .aqueous 
alkalis. It forms bulky needles^ appearing niidc'r the mieroscof)t! as ri'etangnlar 
prisms with poiqu'iidie.iilar end-faces. It is more soluble in waiir tlian pvi‘f)t:irtranil, 
easily soluble in alcohol and dher ; rtvldens litmus. It may he lieated to i 10° without 
I 0 .S.S of weight, but at 147'“' it gives off w.iter and is convened into j>y roturt j’oriitranil. 
It is decomposed by excess of boiling ,* is not coloured by chloride of lime. 

Pyrotartranilic acid decomposes carhonates, but is scparaled from its own salts by 
acetic acid. The py rotartr;in ilates of thealkali- and alkaline-earth nn-tals are very 
soluble in water. The aon/ioniirmsalt, wliieh may be obtained by boiling })yrotartran]l 
with aqueous ammonia, dries up to a radiate imess v<‘ry soluble in cold but decomposed 
by hot water. Its solution forms a bluish-green prcidpitato with cupric sulphate, 
.wliite with nKreurio chloride, yeihnvisli-red with ftrrir chloride. 'I'lio lead-salt, 
forms a. white jirecipitate becoming glutinous on ebullition. 

XXROXAXlXllIWtIDfi,Cni'N02 | N, or inpyrotartro-diamidc, 

1T“^ Hiarm. Ixxxvii. 228.) — Produced by heating acid 

pyrotartrate of ammonium : 

C'll^NITOO* - 2H-0 c* C'dlbNiO*. 

The solidified distillate is purified bypres.sure and recrystallisation from a small quan- 
tity of water. 

Pyrotartrirnide forms small needles or hexagonal plates, biToiigiiig to tbo trimetric 
system, and exjiibiting the combination oP . ccl’oo . (y>P. Angle coP : ooP = 92° 
3(f ; 00 P : 00 !* 30 133°. Cleavage parallel to crl.^ and oP. It is anhydrous, 

vciy soluble in wati^r, alcohol, etlier, acids and alkalis; has a cooling, slightly liitter, 
ami sour ta.ste; its aqueous solution reddens litmus, Imt it does md comhiiio w'ith 
Hiornonia. It melts at 66°, and solidifies 011 cooling, in a radiate mass, unctuous to 
the touch, and having a foliated fracture. It heginsto volatilisif at 100°, hut does not 
boil till heated to about 280°, at which temperature it .suttors partial decompo-sition. 
When boiled with strong pofash-le//, it gives off ammonia. Its solution forms with 
oxide of lead, a strongly alkaline compound which contains G7'23 p(;r cent. PbO and *)'47 
water, dries up to a gummy mass, and is partly decomposed by water. The solution 
of this lead-compound attacks the paper through which it is filtered, rendering it 
viscous and gelatinous. 

BYROXARXDOli'XXRAlO'ZD, or NitrophmrjUpyrotartrimide =» 

(C-^lPO^'l" > . * . 

C'IP(NO''')[^* — ^Precipitated by water from a solution of pyrotar- 

tranil in very strong nitric acid, as an oil which gradually solidifies, and CTystalliseS 
from boiling alcohol in spherical group.s of crystals. It melts at 165° and if cautiously 
heated solidifies without decomposition. It is nearly insoluble in water, but dis.solvcs 
t'asily in alcohol and in ether. Boiling aqueous ammonia e.on verts it into pyrotartro- 
nitranilic acid. Fixed alkalis determine the same transforination, part of the 
pyrotartranilic acid being however resolved by the further action of the alkali into 
pyrotartai’ic aci<l and /8-ni(raniline (see Phenylamines, p. 446). 

3PYROXARXR01irzXBAXrX]:.XO ACXD» or Nitrophenyl-pi/rotartramic acid^ 

II.C®IP(NO=')}v 

aa (C^H"0*)" (Arppe, loc, cit .) — When pyrotartronitranil is 

K 

introduced into a slightly diluted and boiling solution of sodic carbonate, a yellow 
liquid is obtained, which, on cooling, deposits yellow crystals of ^-nitranilino, whilst 
pyrotartronitranilato of sodium remains in solution; and on adding nitric acid to the 
filtered liquid, pyrotartranilic acid sepamtes in yellowisli flakes, whieli may be purified 
by recrystallisation. 

I'yrotartronitranilic acid is very slightly soluble in w’ater, but dissolves easily in 
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alcohol and ether, and is deposited from a saturated solution in microsM»)pie rhomhie 
crystals of 120^. It melts at a little above 150°. It is a very feeble acid, being 
scarcely able to decompose carbonates. 

The pyrotartronitranilates are unstable salts difficult to ciystalliso. Thest/ver-sa^, 
C‘*H'*AgN*0‘, is precipitated in white flocks. 

PY&OTBCBXSrT. See Richardson and Watts’s Chemical Technology ^ i. [4],661— 
611; also lire’s Dictionary of Arts^ &e., iii. 

r’®TT®n ) 

PTROTSBSBZC ACZD. C«H*»02 = g acid, Dreng^ 

terehinsaiire . — This acid, belonging to the acrylic series, and metameric 

with ethyl-erotonic acid (p. 273), was discovered by Rabourdin (J. Pharm. [3] vi. 
196), and has been further examined by Chantard {ibid, xxviii. 192). Itis produced 
by the dry distillation of tercbic acid and purified by repeated rectification : 

« CO* + Cni'^O* 

It is a liquid boiling at 210°, and smelling of butyric acid. It dissolves in 25 pts. of 
water, and is easily soluble in alcohol and ether. When gradually dropped into 
molting hydrate of potassium, it is resolved, with evolution of hydrogen, into acetic 
and butyric acids : 

C6H'»0* + 2H*0 = C*H^O» + C'H*0* + H*. 

Dyroterebate of silver, C®H*AgO* crystallises with difficulty, and bl^kens on 
exposure to light, especially when moist. 

PTRO«UltZC iLCZB. Syu. with Cyan uric Acid. 

PTROXAM. Syn. with Xyloidin. 

P'ntOXiLXirTBZXr. Eblanin, A yellow crystaUiue substance produced by 
the action of potash on one of the substances contained in heavy oil of wood-tar 
(Volckel). It is contained in crude wood-spirit, as first obsfirved by Sc an Ian, and 
may be separated therefrom, according to Gregory (Ann. Ch. Pharm. xxi, 143), by 
distilling the liquid, collecting about 15 per cent., saturating the distillate with slaked 
lime, and redistilling. The residue, containing the excess of lime employed, acetate of 
calcium, a brownish resin, and pyroxanthin, is treated with dilute hydrochloric acid, 
and the insoluble portion is digested in boiling alcohol, which dissolves the resinous 
matter first ; the pyroxanthin is found in the last alcoholic decoctions. 

Pyroxanthin crystallises in long yellow needles, inodorous, insoluble in water, 
soluble with aid of heat in alcohol, ether, and acetic acid, nearly insoluble in ammonia 
and in boiling potash. It melts at 144°. When heated in a tube closed at one end, 
it does not volatilise without decomposition; but if heated in a current of air, it sublimes 
at 134°. Gregtjry found in it 74*8 percent, carbon and 5-5 hydrogen, numbers agreeing 
nearly with the formula C*II*0*, which requires 75 carbon, 5 hydrogen, and 20 
oxygen. 

Pyroxanthin dissolves with deep red colour in strong siilphuric and in fuming 
hydrochloric acid ; water precipitates it from the solution in a partly altered sj^te. 
Strong nitric acid attacks it violently, converting it into oxalic acid and a nitro- 
compound. Chlorine, with aid of heat, converts it into a brown resinous substance, 
with disengagement of hydrochloric acid. 

PTROXASTTBOOBB. The constituent of wood-tar, from which pyroxanthin 
is supposed to be formed. 

PTBOBXSlirB. A name sometimes used as synonymous with augite to denote the 
mineral species (i. 276), but more commonly restricted to certain varieties having » 
green or greyish-green colour. (Dana, ii. 168.) 

PTROBBirZTB. A rock consisting of felspar and lamellar pyroxene. 

PTBOXTBZXr. Gun-cotton; Coton fulminant; Coton^poudre ; Toudre-eoton ; 
Fidnii-coton, Schiesshaumwolle ; explodirende Baumwolle . — These names are applied 
to certain explosive substances produced by the action of fuming nitric acid, or of a 
mixture of nitric and sulphuric acids, on cotton wool. Schonbein, in 1845, 
announced the discoveiy of an explosive cotton-wool applicable as a substitute for 
gunpowder, but his mode of preparation was at first kept secret ; and soon afterwards 
the method of producing the explosive compound by treating cotton-wool with s^ng 
nitric acid was discovered independently by Bottger and Otto, and published 
by the latter (Augsburg, Allg. Zeitung, Oct. 6, 1846; J. pr. Chem. xi. 193). 

(Compt. rend, xxiii. 808) soon afterwaids introduced the more advantageoiw method 
of treating the cotton-wool with a mixture of strong nitric and sulphuric acids. The 
chemical composition and properties of pyroxylin have been made the subject of 
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numerous researches by Bottger, Pelouze, Payen, Peligot, van Kerckhoff, 
Sobrero, Becharap, and others on the continent, and in this country by Porrett* 
Bansom, Crum, Gladstone, and Hadow. (For a complete list of memoirs relating 
to it, down to 1862, seeGrnelin’s Handbook^jLx. 168.) From its first discovery, also, 
numerous experiments were made on its applicability to military and mining operations 
as a substitute for gunpowder, over which it posse.sses the great advantage of burning 
without smoke, and leaving no residue to foul the gun ; and its preparation was soon 
commenced on a large scide ; but the occurrence of several severe and unexplained 
accidents during the manufacture, attended with great loss of life, caused it to be 
regarded as too dangerous and unmanageable for military purposes, and accordingly 
its manufacture was for a while nearly given up. Within the last few years, however, 
tho attempts to make use of gun-cotton as a substitute for gunpowder have been 
rtmewed, and brought to a successful issue chiefly by the investigations of General 
von Lenk, an Austrian officer of artillery, who has discovered the cause of previous 
failures, gradually perfected the process of manufiicture, and instituted, under tho 
auspices of the Austrian government, an elaborate series of experiments on the 
best methods of applying it to gunnery. 

Cotton treated with a mixture of nitric and sulphuric acids, yields a number of pro- 
ducts which may bo regarded as cellulose, in which the hydrogen is more or 

less replaced by nitric peroxide, NO*, the degree of nitration varying according to the 
mode of preparation. The different compounds have different degrees of stability and 
are variously affected by solvents. According to Iladow (Chem. Soc. Qu. J. vii. 
201), the three principal products are : 

a. or C«TP(N0*)»0‘, insoluble in a mixture of ether and alcohol ; 

hut soluble in ethylic acetate. It is produced by repeated immersion of cotton- 
wool in a mixture of 2 at. nitric acid, UNO*, 2 at. oil of vitriol, and 3 at. 

water. 

(3. C*"H**(N0*)*0'*, soluble in ether-alcohol, insoluble in g:lacial acetic acid. Pro- 
duced when the acid mixture contains j at. more water than in a. 

y, C'“H**(N0*)^0'® (Gladstone’s cotton-xylotdin\ soluble in ether and in glacial 
acetic acid. Produced when the acid mixture contains 1 at. more water than in a. 

Tho term “ pyroxylin ” is sometimes applied especially to the more highly nitrated 
compounds ; but it is much hotter to use this term as a generic name for all the substi- 
tution-compounds formed by the action of nitric acid on cellulose, and to designate as 
“ gun-cotton ” the most highly nitrated compound, tri nitrocellulose, C"H’(N0*)*0^ 
which is tho only one adapted for use in gunnery. 

The lower compounds, which aro soluble in alcohol and ether, are used for the pre- 
paration of collodion (i. 1083). 

Gun-cotton, C®H*(N0*)*0*. 

When cotton-wool is immersed in a mixture of strong nitric and sulphuric acids, 
substitution takes place immediately, and the product has only to be freed from ad- 
hering acid by washing with water and then dried. But in order to insure the uniform 
production of the most liiglily nitrated compound, Lenk adopts several precautions, 
the most important of which are ; 

1. The cleansing and perfect desiccation of the cotton previously to its immersion in 
the mixed acids. 

2. The employment of the strongest acids procurable in commerce. 

3. The steeping of the cotton in a fresh strong mixture of acids after the first im- 
mersion and partial conversion into gun-cotton. 

4. The continuance of the steeping for forty-eight hours. 

5. The thorough purification of the gun-cotton thus produced from every trace of 
free acid, by washing the product in a stream of water for several weeks ; subsequently 
a weak solution of potash may be used, but this is not essential. 

The prolonged application of these processes is absolutely necessary to ensure the 
thorough nitration of the cotton and the subsequent purification of the product; for 
each cotton-fibre is a long narrow tube, often twi.sted and even doubled up, and tho 
acid has first to penetrate to tlio inmost depths of these tubes and afterwards to be 
soaked out of them : hence the necessity of time. i i- • 

Sometimes, to render the gun-cotton loss explosive, and to remove the last lingering 
traces of free acid, it is impregnated with a solution of silicate of sodium (soluble 
glass), which is forsed into it by means of a centrifugal machine, having a central tube 
for supplying the solution. It is then dried by exposure to the air, whereby carbonate 

of sodium is formed, and silica separated, and the carbonate of sodium is afterwards 

trashed out with water, wliile the silica remains attached to the fibres. « 

Sometimes, again, to render the fibres soft and diminish the dangcrof explosion from 
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violent friction, the gnn-cotton, after being treated with soluble glass, is immersed in a 
soap-ley, the? excess of which is then squeezed out, and tlie gun-cotton finally dried, 

t’or details of rlie Austrian process, and of exporimonts on the prepamtion of gnn- 
cotton at the Koyal Gunpowder Works at Waltham Abls^y, see the article “Gun- 
cotton” by Dr. Gladstone in Richardson and Chemical Techmdoffy/i, [ 4 ;\ 

487 — 500. Gun-cotton is now prepared on a large scale by a process es.'seiitially the 
same as that of Lenk, at tin? manufactory of 3res.srs. IVenticc at Stowmarket. 

Gun-cotton prepared by the process just described i-etains tlio external properties of 
cotton-woo], but is somewhat harsher to the toucii, unless it has been soaped. It^has 
neither taste nor smell, and is neutral to moistened litmus-paper. Ry fnction it 
becomes more strongly electric than cat’s skin ; it crackles, yit'lds sparks, and is phos- 
phorescent in the dark (Gaiffe, Coinpt. rend. xxiv. 88). Its fibres seen under the 
microscope by polarised light, exliibit very little brightiusss, and scarcely any play of 
colours, whereas tho fibres of ordinary cotton- wool appear bright anl show a 'fine play 
of colours even in the dimmest light. (Kindt, Pogg. Ann. Ixx, 168.) 

The following analyses of Lcuk’s gun-cotton, the first made in the laboratory of the 
Imperial Engineers’ Committee, the second in the University laboratory at Vienna, 
0 how that it consists of trinitrocellulose, G‘‘II^(N0‘‘‘)*0\ 
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Gun-cotton is insoluble in water, and perfectly unaffected by long soaking in that 
liquid. It usually absorbs about 2 per cent, of liygro^opic moisture, any excess that 
it may absorb under peculiar atmospheric conditions being speedily given off when tho 
air returns to its ordinaiy state of dryness. It is insoluble also in alcohol, other, 
and glacial acetic acid. 

Gun-cotton is not affected by dilute acids or alkalis; but nitric acid of specific 
gravity 1’45 attacks it, 2 :>rodiiciug a lower substitution-product w'bich weighs only ^ths 
of the original trinitrocc I lulose. Strong sulphuric acid dissolves it with some difficulty, 
and the solution does not turn black even when heated to a high temperature, though 
it then gives off carbonic anhydride and nitric oxide. 

Strong potash-ley dissolves gun-c©ttx>n rapidly, psptX’ially if heated to about 70®, 
with formation of ammonia, nitrous acid, oxalic acid, and other acids. The alkaline 
solution reduces un ammoniacal solution of silver, aud has in fact been used for 
silvering mirrors. 

A solution of potassio siUphydraiCy especially if mixed with alcohol, reproduces the 
original cotton, witli formation of potas.sie nitrate and a little ammonia . — Ferrous 
sulphate exerts a similar reducing action, likewise reproducing the original cotton 
(B 5 champ). Gun-cotton placed in contact with sidphurio acid and metallic mercuryt 
gives off all its nitrogen in the form of niti'ic oxide. On account of these last three 
reactions, gun-cotton is regarded by B6champ, Pelouze, Crum, and other chemists, as 
analogous in constitution to a nitric ether, rather than to such compounds as nitro- 
benzene, nitrobenzoic acid, &c., inasmuch as the latter, when treated with reducing 
agents, are converted into other compounds containing nitrogen, whereas gun-cotton, 
like the nitric ethers and oitrntes in general, is deprived by these reagents of the whole 
of its nitrogen, and in some cases reconverted into the original cotton-wool. 

Gun-cotton is a remarkably stable substance, but nevertheless appears under certain 
circumstances to undergo a slow spontaneous decomposition. It has been stored in 
Austria for twelve years in wooden boxes without exhibiting any sign of alteration ; and 
some that was taken to Italy in 1859, and thrown aside where it was exposed for a 
long time to a hot sun in black boxes, was afteiWiirds found unaltered. Some vjmeties 
of gun-cotton, however, when enclosed together with litmus-paper in a tube, exhibit an 
acid reaction even at ordinary temperatures. The more completely the free acid ha$ 
been removed, the less does the gun-cotton appear to be liable to spontaneous decomr 
position either slow or sudden; and in this, according to some authorities, consists 
advantage of washing the gun-cotton with an alkaline solution or impregnating it with 
soluble glass. (See Gmelin’s xv. 175 ; Chemical TcohnolQffy,i. ^00 ; Also 

Melsens, Bull, Soc. Chim. 1865, i. 35.) .. 

Gun-cotton prepared by Lenk’s process is not liable to explosion by percussion ; « 
may detonate between iron and iron if a heavy blow be struck, but only that 
explodes which was hit, without communicating ignition to the surrounding particles. 
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If a heavy blow be struck on gun-cotton with an iron liammer upon bronze or any 
other comparatively soft metal, or upon stone, no detonation takes place. Otto foundf, 
on the other hand, tliat pyroxylin prepared willi nitric acid alone, explodes like fulmi- 
nating mercury when struck with a hammer. 

The tcmperatiire at which gun-cotton ex[)lodes has been very accurately determined 
by Baron Von Ebner, who fixes the lowest temperature at 136° 0. (277° Fahrenheit); 
but the heat required is usually staled to be greater than this. According to Melsens 
gun-cotton which has been washed with soda and retains a small qiiiintity of the alkali, 
docs not explode till heated to 180°, and simihir observations have been made by 
Payon, Pel ouzo, Piobert, Van Kerckhoif’and others. 

On explosion, gim-cotton is almost entirely resolved into gases, leaving only about I 
per cent, of natural mineral constituents, tho small amount of silica, if it has been sili- 
cated, and possibly a trace of carbon. 

Lieukenaut von Karolyi (Phil. Mag. [4] xxvi. 272) has fully investigated the 
products of the combustion of gun-cotton and giinpowtler, under circuinsf iinces analo- 
gous to those whieli occur in practice. In his first experiments, he exploded the 
gun-cotton in a Torricellian vacuum, made in a eudiometer about a metre in length, 
across which was drawn a very thin platinum wire, that could be ignitc^d by a gal- 
vanic battery. Tho gases were analysed in the usual manner, with tin; following 
results ; 


Carbonic oxide 
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It was found that, on exploding a somewhat larger quantity of gun-cotton under tho 
same circumstances, when thcreforo the combustion lakes place under comparatively 
greater pressure, tho proportional quantities of tlie products ehjiuge, and the (puiul-ity 
of nitric oxide diminishes. ITe.nce tho deoxidation of the nitrogen-compounds during 
the comlmstion takes place more completely, the greJiter the work wliich the gun-cotton 
has to perform while exploding. This cireurnshiuce suggested to Kai’olyi the idea of 
exposing the gun-cotton during its eombiustioii to a resistance so regulated that it just 
gives way at the moment when tho gun-cotton is eoiripletely burnt. , He therefore 
placed a vessel filled with gun-cotton, wliich offered tho necessary rt sistance, in a sixty- 
pound mortar, which was tlien exhausted, and tho gun-cotton was exploded by a thin 
platinum-wire heated to redness by the electric ciuTciit. An analysis of the gases pro- 
duced under these circumstances gave tho following numbers : 


Carbonic oxide 



By volume. 

28-95 

By weight. 

29-97 

Carbonic anhydride . 



20-82 

33-86 

Marsh gas. 



7-24 

4-28 

Hydrogen 



3-16 

0-24 

Nitrogen . 



12-67 

13-16 

Carbon . 



1-82 

1-62 

Aqueous vapour 

. 


26-34 

16-87 




100-00 

100-00 


It will be observed that in this latter case, which is analogous to what takes place 
in practice, no nitric oxide is formed, but a certain amount of hydrogen, and a larger 
proportion of nitifogen and aqueous vapour. When exploded in this manner, 10 
grammes of gun-cotton was found to yield 57 '40 cubic centimetres of gas, at 0° C. and 
1 metre pressure. These gases are combustible, on account of the large quantity of 
ctffbonic oxide they contain. 

^ For the results obtained by Karolyi from gunpowder burnt in a similar manner, see 
ii. 958, 959. 

Abel (Proc. Roy. Soc. xiii. 204) has made a series of ingenious experiments on tho 
combustion of gun-cotton. He finds that when quantities of gun-cotton, varying fi*om 
one to two grains, in the form of a loose twist laid double, arc ignited by means of a 
platinum wire in highly rarefied atmospheres, they burn very slowly, pre.seiitiug by 
daylight an appearance as if they smouldered. The pressure in the case described 
niust not exceed 8 inches of mercury; but the rarefiu-tion necessary for the result 
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Tariea with the quantity of gun-cotton, its mechanical condition, its position with 
entje to the source of boat, the quantity of heat applied, and the duration of its applieati^ii; 

Gun-cotton, when ignited in small quantities in rarefied atmospheres, may exhibit^;, 
during its combustion, thrt'e distinct luminous phenomena. In the most highly 
fi«d atmospheres, the only indication of combustion is a beautiful green glow, or phos- 
phorescence, which surrounds the extremity of the gun-cotton as it is slowly trans- 
formed into gast^s or vapours. When the pressure of the atmosphere is increased to 
one inch (with the proporlion of gun cotton in<licated), a faint yellow. flarao appears at 
«. short distance from tlie point of decomposition ; and as the pressure is increased, 
this pale yellow flame increases in size, and eve.ntuitlly appears quite to obliterate the 
green light. Lastly, wljen the pressure of the atmosphere and consequent proportion 
of the oxygon in tlie confined space is considerable, the cotton burns with the ordinary 
bright yellow flame. Th(‘ro can be no doubt that this final result is due to the almost 
iustantaneous secondary combustion, in the air supplied, of the inflammable gases 
«^volvud by the explosion of the gun-cotton. The pale yellow flame will take place in 
rarefied nitrogen. 

In a series of experiments made under gradually diminished pressures, oxyg&n being 
used instead of air, it was found that the gun-cotton exploded iastantaneously, with a 
bright flash, until the pressure w.ns reduced to 1*2 inch i from this pressure to that of 
0‘8 inch it still burned with a flash, but not instantaneously; and at pressures below 
0*8 inch it no longer burned with a bright flash, but exhibited the comparatively slow 
combustion, accompanied by the pale yidlow flume. In ^mospheres of carbonic 
anhydride, carbonic oxide, hydrogen, and coal-gns, this pale yellow flame is seijin as in 
nitrogen ; but the two latter gases have a great tendency to extinguish the combustion, 
doubtless on account of their high cooling powders by convection. 

The slow kind of combustion of gun-cotton, in the form of twist, may be obtained 
also in a powerful current of atmospheric air, if the thread of cotton be placed in a 
somewhat narrow glass tube. Indeed, it Vas found that if, even for the briefest space 
of time, the gases resulting from the first action of heat on gun-cotton upon its ignition 
in open air are impeded from completely enveloping the burning ext remity of the gun- 
cotton twist, their ignition is prevented, and the gun-cotton continues to burn in 
the slow ami imperfect manner, undergoing a transfoitmation similar in character to' 
destructive distillation. By proper arrangements, these gases may be burnt at the 
mouth of a tube while the gun-cotton is burning in the interior. There is little doubt 
that those products of decomposition vary as greatly as the phenomena themselves : 
thus, in the instances of the most.impcrfiu-t metamorphosis of gun-cotton, the products 
included a considerable proportion of a white vapour, slowly dissolved by water, as 
also small quantities of nitrous acid, and a very large proportion of nitric oxide; 
cyanogen, too, is always found. This contrasts greatly with the simpler products of 
decomposition found lly Karolyi whc*n the gun-cotton was exploded under the pressure 


of a confined space. 

Abel considers that the remarkable facility with which the combustion of 
cotton in air or other gases may be modified, might be taken advantage of to produ^ 
a variety of mechanical effects ; and he states, that by enclosing in suitable cases solid . 
cords made up of two or more strands of gun-cotton, more or less compactly twisted, 
he has succeeded in producing fuses and slow-matches, the time of burning of which 
may be accurately regulated. 

Practical Application to Gunnery, — Gun-cotton is used for artilleiy in the fom of 
thread or spun-yarn. In this simple form it will conduct combustion slowly in the 
open air at the rate of not more than 1 foot per second. This thread is woven into a 
texture or circular web. These webs are made of various diameters; and 
common rifle cartridges are made, merely by cutting them into the 
and enclosing them in stiff cylinders of pasteboard, which form the cartri^/ 
shape its combustion in the open air takes place at a speed of 10 feet per 

The gun-cotton yarn is used directly to form cartridges for i® S'*®®* 
wound round a bobbin, so as to form a spindle like that used in spnning milw. ' 
bobbin is a hollow tube of paper or wood. The object of the . wooden rod^^^* 
secure in all cases the necessary length of chamber required for the most 
explosion. (For figures see Chemical Technology y i. [4] 506.) 

Practically, gun-cotton is most effective in guns when used as \ to J weight of 
and occupyinga space of ^ths of the length of the powder-cartridge, and of such denwty. 
that 11 lbs. occupy a cubic foot. ^ 

Lenk’s gun-cotton, when used as a substitute'for powder, is found to ^ 

lowing advantages : 1. Greater safety during the manufacture.— 2. The possimutyo 
keeping it under water at any time, or of immersing it on any sudden 
without damaging it*— 3. Its being uninjured by damp.— 4, Easier and wfer ^n^ 7' 
ance, inasmuch as one ton of gun-cotton does the work of at least three tons 
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gi^Mwder; and there is no fear of the dangerous “getfing to dust,” and spilling.-— 
The force of ^ its explosion can bo regulated .so as to produce various results 
'desired. According to its mechanical condition, it may be made to have any speed of 
explosion, from 1 foot per second to 1 foot in of a second, or to instantaneity. 
The instantaneous explosion of a large quantity of gun-cotton is made u.se of when it 
is required to produce de.structivo effects on the surrounding material ; the slow 
combustion, when it is required to produce manageable power, as in the case of 
gunnciy. — 6. It leaves no residue in the gun on explosion. — 7. It produces no smoke. — 
S. The gases produced on explosion are less injurious to the gun, and to the men serving 
it. — 9. It does not heat the gun so much. — 10. It produces smaller recoil, only two- 
thirds of that from gunpowder, tlie projectile eff(*ct being equal. This depends probably 
.to a certain extent on the solid residue of exploded gunpow'der having to bo projected 
ill addition to the shot, and, as is generally thought, at much higher speed. The 
remainder, General Vou Lenk attributes to a different law of combustion. On account 
of the smallness of recoil, a lighter and short(!r gun may be employed. 

On the other hand, gun-cotton has some disadvantages as compared with gunpowder. 

1. It is suspected ojr being liable to spontaneous decompo.sition under certain un- 
known circumstances. — 2. It ignites at a lower temperature. — 3. For use in guns, it 
requires greater care and precision in the inaniifactiire of the cartridge, lest its great 
power should be exerted in rending the piece, rather than propelling the ball. 

Application to other Military Purposes . — However suitable gun-cotton may seem to 
be as a source of projectile power, it is still bettiT adaptc'd to other purposes for which 
an explosive is reejuired. Indeed, its capability of instantaneous explosion enables it 
to perform easily some descriptions of work, which gunpowder could scarcely, if at all, 
accomplish. 

The condition necessary to produce instantaneous and complete explosion, is the 
ab.solnte perfection of closeness of the chamber containing the gun-cotton. The reason 
of this is, that the first ignited gase.s must penetrate the whole nia.ss of the cotton ; and 
this the^ do, and create complete ignition throughout, only under pressure. 

Yovjuses, gun-cotton is woven into a web, steeped in saltpetre, and covered with an 
Inclian-nibber jacket. The combustion of tliis takes place at about 30 feet per second, 
and produces a sharp noise, heating but not tearing the jacket. Such a fuse will fire 
altliough a considerable weiglit be placed upon it, and it may be doubled up without 
fear of the fire communicating from fold to fold. If ordiiiaiy gun-cotton tliread be 
fired, ignition takes place at the rate of only about one foot ptn* second. 

Shells with holes are easily filled with gun-cotton web, and projectiles that open may 
be charged with compressed gun-cotton. In this way a much larger amount of force 
may be stored up in the shell than with gUTip)owder; consequently it bursts into double 
the number of pieces; and it is said that the stronger the shell, the smaller are the 
fragments into which it is broken. "It is a well-known bict, that a bag of gunpowder 
nailed on the gates of a city will blow them open. In this case gun-cotton would fail ; 
a bag of gun-cotton exploded in the same way is powerless. To blow up the gates of 
» city, a very few pounds of gun-cotton carried in the hand of a single man will be 
sufficient; only he must know its nature: — in a bag, it is hannless; exploded in a 
box it will shatter the gates to atoms.” A small box containing gun-cotton, merely 
flung dow^L close tp palisades, and exploded by a galvanic battery or a fuse, will open 


The same force ha.s been applied to the destruction of bridges. "A strong bridge 
of OHK, 12 inches scantling, 24 feet span, was shattered to atoms by a small box of 
25 lbs. l^d on its centre : the bridge was not broken, it was shivered.” 

For iniUtaiy mining the gun-cotton charge is placed in little barrels with strong 

..w 

Tficf;, effect of gun-cotton, when exploded under water, is very remarkable. The 
wfacn is so instantaneous that the water has no time to yield, and thus it is unneces- 
^7 to place the cl^ge in contact with the body to be destroyed, as is said to be the 
when gunpowder is used. " Two tiers of piles, 10 inches thick, in water 13 feet 
o^Pi with stones between tliem, were blown up by a barrel of 100 lbs. of gun-cotton 
placed 3 feet from the face and 8 feet under water. It made a clean sweep through a 
f*4ius of 15 feet, and raised the water 200 feet. The iron anchor used to keep the 
in position was found broken across: At the close of the Italian campaign, some 
experiments on ships were made at Venice, in the presence of the Emperor of Austria. 
In bne of these, a barrel of 400 lbs weight was placed near a sloop in 10 feet of water, 
nearest part of the hull of the vessel being about 18 feet distant ; yet the slimp 
to pieces, and those were hurled into the air to the height of 400 feet. 
This kind of explosion is attended with terrific noise. It was observed that the fishes, 
w perhaps half a mile round, were stunned, and floated on the surface. They recovered 
**ter awhile, but not till many had been picked up by hand.” 
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Applkatlon to Blmting. — Gun-cotton thread is spun into ropes in the usual wav 
lip to two inches diameter, hollow in the centre. This is the form used for blastiiiD 
and mining purposes ; it combines great density with speedy explosion, and in this form 
the gun-cotton is conveniently coiled in casks and stowed in boxes. The fact that the 
action of gun-cotton is violent and rapid in exact proportion to the resistance it en- 
couuters, tells us the secret of its far higher efficacy iu mining than gunpowder. The 
stronger the rock, the less gun-cotton, comparatively with gunpowder, is necessary for the 
effect ; so much so, that while gun-cotton is stronger than powder as 3 to 1 in artillery 
it is stronger in the proportion of 6-274: to 1 in a strong and solid rock, weight for 
weight. Its power of splitting up the material can be regulated at will. As it is not 
liable to be spilt about by the miners like powder, there is less danger of accidental 
explosion. The absence of smoko in its explosion, also, conduces to the comfort of 
the workmen. 

Pyroxylin for tJie preparation of Collodion, 

It has already been stated that the highest nitro-suhstitution product of cotton 
namely trinitrocellulose, C*H’(NO’')*0* docs not di.ssolve in a mixture of ether and 
alcohol, but that the lower compounds are capable of doing so. It is these compounds, 
therefore, that are alone available for making that solution of gun-cotton, which is 
known by the name of collodion. They are produced when weaker acids are employed, 
or when the precautions mentioned above in the preparation of Lenk’s gun-cotton are 
not observed (p. 779). 

These lower nitro-substitution products of cellulose do not resemble the original 
cotton in appearance so closely as the highest compound does ; for they show more 
signs of the action of the acid on the fibre. Indeed, there is at least one compound 
which is soluble in nitric acid, whether fuming or of as low a specific gravity as 1-25, 
and may be precipitated as a granular powder on the addition of water. 

They explode at a lower temperature than trinitrocellulose, but this temperature 
depends both upon the nature of the compound and the manner in which the heat is 
applied. A long-continued heiit will explode a mass of such pyroxylin which at first 
was not set on lire; and there can he little doubt that under such circumstances it may 
be exploded at a temperature very little exceeding that of boiling water; indeed, much 
lower temperatures have been mentioned by some observers. 

These lower compounds, when exploded, leave a certtiin amount of carbonaceous 
residue. 

All these substitution-products dissolve in strong sulphuric acid, but a solution of 
cotton -xyloi'din, in that acid, is charred at as low a temperature as 

180® Fahrenheit, 

Those lower compounds are liable to spontaneous decomposition, which takes place 
very slowly at first, but when it has reached a certain point, perhaps after the lapse 
of several years, the action becomes much more rapid. The spontaneous explosions 
which have sometinips taken place with ill-prepared gun-cotton, may with great 
probability be attributed to the pro.sence of these lower compounds. It does not 
appear to be proved that any pyroxylin ever explodes without extraneous heat. Light 
certainly favours this decomposition, but is not indispensable, for it is on record, that 
pyroxylin stowed away in casks has evolved a choking smell after some months. The 
usual progress of decomposition is of this character:- the pyroxylin begins to emit a 
peculiar odour, rather agreeable than otherwise ; the gas increases, perhaps driving 
out tile stopper, if the pyroxylin be contained in a stoppered bottle ; the cotton beeftmes 
damp, and shrinks together; and, as decomposition goes on, the fibre disappears, and 
there remains a gummy mass, probably interspersed with crystals. The gases include 
nitric oxide, and apparently, in some cases, jirussic acid. The crystals consist of 
oxalic acid, and the residue is a mixture of products consisting of water, nitric acid, 
and several organic acids not always soluble in water. 

The pyroxyb’n used for the preparation of collodion is not a definite compound, out- a 
mixture of two or more varieties of nitrocellulose. It may be prepared by treating 
cotton-wool either with oil of vitriol and nitrate of potassium, or with a mixture of strong 
nitric and sulphuric acids. In the former case, 60 grains of cotton-wool pulled out mto 
separate balls of about the size of a walnut, is immersed in a mixture of 6 fluid ou^* 
of oil of vitriol, 3J oz. (avoird.) of dried saltpetre, and 1 fluid ounce of water. 
cotton must be well stirred about in the liquid, kept at the temperature of HO® Fab. 
for about two minutes, then suddenly thrown into cold water, and briskly moved about 
till thoroughly washed. When nitrosulphuric acid is used, larger quantities may oo 
operated upon at once; viz. 400 grains of cotton-wool, 6 fluid ounces of nitric acid of 
specific gravity 1’45, 18 fluid ounces of oil of vitriol of specific gravity 1-84, and 4j 
ounces of water. In this, as in the former case, very .rapid washing 
otherwise i^ontaneous decomposition will take place, attended with evolution of red 
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fumes. For details of maiiipulMtiou see Hardwich’s Manual of Photographic Chemistry; 
also Technology, i. [4] 613. Tlio properties and uses of collodion have been already 
described (i. 1084). ^ 

PTRXKZTB (from irv^pos, yellow) is the name given by G. Hose t>o a mineral 
occurring at Mursinsk in the Ural, in small orango-3'ellow octahedrons ; also by 
Teschemacher to a perfectly similar mineral from the Azores, which, accordino- to 
Hayes, consists chiefly of niobato of zirconium. (Dana, ii. 346.) 

PTlfcBBOXi. Syn. with Pyuhol. 

P'SlUtKOPZXrB. This name was given by Pol ox (Berz, Jahresb. xix. 433) to 
an alkaloid extracted by alcohol from the root of Chdidoniunh mnjus, and tlistijmuishod 
by forming rod sparingly soluble salts with mrids. It is doubtless identical with 
chelerythrine (i. 847). 

PTTBBKORBmr. A brown humus-like substance found ])y Porehhammer in 
the fossil pine- wood of Dcmmark, and regarded by him as a Iiiimfito of boloretin 
(i. 619). It is soluble in alcohol, insoluble in etlier, and when its alcoliolic solution 
is mixed with a quantity of ether, not suflieieiit to produce a pr(‘eipitate, and ammonia 
then added, humato (ulmate) of ammonium is said to be precipitated, while boloretin 
remains in solution. The substance appefirs how'ever to be merely a mixture (Ilandw. 
d. Chem. vi. 739). 

PYBRROSZnSBZTE. Syn. with G hitk. 

PlTRRBOTZXr. Magnetic pyrites. (See Inox, Sulphides of, iii. 401.) 

PYRROB. C*H“N. (Kii II ge, Pogg. Ann. xxxi. 67. — An d erson, Ed. I’lfil. Trans. 
XX. [2] 247; xxi. [4] 671. — Schwanert, Ann. Ch. Pharm. cxv. 270.) 

History, — Rimgo was the first to observe that the products of the destructive dis- 
tillation of coal contained a substance wliich caused fir-wood moistened witli lij'dro- 
chloric acid to assume a red colour. It is not necessary to moistem tin; wood with tlio 
liquid to be tried, it is sufficient to hold it over the liquid containing the p^UTol. Kungo 
cousidered p3’’rrol to be a gas, but ho in^ver prejared it in a pure .-^tiite. 

Formation, — 1. PylTol appear.s to bo jiroduced in almost <'verv instance wIkto 
animal op vegetable matters oontainhig nitrogen arc subjc’cted to destructive distil- 
lation (Or. Will i am s),— '2. It is also produced in consid(T;ib1e (piantiD’- by tlio 
destructive distillation of niucate ofammoniiiin, occurring as a product of decoinposilioii 
of tlie dipyromueamidc (carbopyrrolainidc) formed in the first st age of tli(Hle(‘om position 
(p. 766). — 3, By heating carbopyrrolic acid, OH 'NO*, which is resolvcMl then^by into 
pyrrol and carbonic anhydride (p. 761). 

Preparation. 1. From boiio-oil. — The oil is shaken up with dilute hydrochloric nr 
sulphuric acids, and the acid solution is di.stillod. A portion of tlie pyrrol is thereby 
destroyed, but the greater portion distils over in an* impure* state. By repeated 
fractional distillation it may be obtained wnth a boiling point between 132'^ and 143®. 
It is then to be several timo.s shaken up with dilute acids, to remove picolino and other 
basic impurities. After drying by means of sticks of potassium, it is .again frac- 
tionally distilled until it boils almu.st entirely between 134^ and 138®. In this 
state it gives tolerably correct iiuinbtu’S on an;ilysi.s, but it is still contaminated with 
some impurities which give it an offensive odour. It, must thci'crore be cohobated 
OA’er solid hydrate of potas.siiim until little or no liquid is so(‘n to rise in the cohobat- 
ing tube, even although the bottom of the flask is heated almost to redness. Th<^ 
cobobating tube is then replaced by a bent tube, and all volatile matters aro 
distilled away ; the residue in the flask is poured out on to a metal plate and allowed 
to cool; and the compound of pyrrol with pota.sh is <lecoinposcd M'ith water, when the 
pure pyrrol will rise to the surface in the form of a fragrant colourless oil, which 
may bo dried by digestion with sticks of potash. On rectifleation the pure pyrrol will 
eome over steadily at 133®. (Anderson.) 

2 . From mueate of ammonium. — When this salt in the stale of dry powder is 
distilled, C3*yst«ls of carbonste of ammonium arc obtained, together w’ith an aqueous 
solution of carbopyrrolamido and a brown oil chiefly consisting of pyrrol floating 
thereon; and bj" washing this oil wth water, dehydrating it with solid potash and 
rectifying it after standing over chloride of calcium, tlie pyrrol is obt.ained pure. Tliis 
js a mucli easier mode of preparation than the former. Carbopyrrolic acid (p. 764) 
does not yield pure pyrrol quite so easily, because a portion of it sublimes undecomposed, 
(Schwanert.) 

Properties. — Colourless transparent liquid of delightfully fragrant odour resembling 
chloroform, but softer and less pungent. Boils at 133®. Tastes hot and pungent. 
Sparingly soluble in water, but is readily soluble in alcohol, ether, and oils. Insoluble 
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in alkaline solutions; dissolves, but not readily, in acUs. Specific gravity of lioulf 
1'077, of vapour 2’40. 

Decompositions.— I, Colourless pyrrol soon becomes brown by keeping; it may 
however, always be re-obtained colourless by distillation. 2. A piece of fir-wooc 
moistened with hydrochloric acid rapidly acquires an intense carmine colour wher 
exposed to even the minutest traces of pyrrol vapour. One drop of pyrrol will confei 
upon the air of a large jar the power of giving this reaction. 3. When agitated wit! 
dilute acids in the cold, pyrrol dissolves unchanged, but, on heating the solution, a red 
floeculent substance called pyrrol -red {infra), is formed in such quantity that tli« 
vessel may be inverted without the contents escaping.— 4. Solution of platink ckloridt 
added to a cold hydrochloric solution of pyrrol causes the .solution to become instantlj 
dark coloured, and in a few minutes an abundant black precipitate, containing platinum, 
but of indefinite composition, is deposited.— 6. Solution of firrie cMoride causes tlie 
hydrochloric solution of pyrrol to become first green and then black.— 6. Dichromit 
of potassium also decomposes a similar solution with formation of an abundant black 
precipitate.— 7. Pyrrol is rapidly oxidised by nitric acid, red fumes are given off, and, 
if the action is prolonged, oxalic acid is formed. 

8. Alcoholic solution of pyrrol gives a white precipitate with mercuric chloride, and 
also with chloride of cadmium, but it does Uot precipitate die metallic oxides 
generally. 

The mercury-salt, C*H*N.2Hg*CP, is a white ciystalline powder Insoluble in water, 
sparingly soluble in cold alcohol : the solution is probably decomposed on boiling.— 
The cadmium-salt, 4C‘H‘N.3Cd"CP, is a white crystalline powder insoluble in water, 
but readily soluble in hydrochloric acid. 

Pyrrol does not form any definite compounds with acids, although it is decidedly 
basic. At a red heat it unites with hydrate of potassium, but the compound is decom- 
posed by mere solution in water. C. G. W. 

PYWBOXp>RS9. C”H'*F0.— When pyrrol is warmed or boiled with excess of 
sulphuric or hydrochloric acid, this substance separates in amorphons orange-red or 
brown flocks, the colour of which is darker, in proportion as the action of the acid has 
been longer continued. It is also produced when carbopyrrolic acid or its barium-suit 
is heated to 60° or above witli acids, the carbopyrrolic acid being thereby resolved into 
carbonic anhydride and pyrrol, a portion of which is then converted into pyrrol-red as 
above. 

Pyrrol-red is insoluble in water and iq, ether, but somewhat soluble in hot alcohol ; 
insoluble in acids and in alkalis. Anderson fopnd it to contain 7 1 '98 per cent, carbon, 
6'88 hydrogen, 13-59 nitrogen and 7'56 oxygen, agreeing nearly with tk above formula 
which requires 71-28 C, 6-93 H, 13-86 N, and 7-93 0. Schwanert found in pyrrol-red 
from carbopyrrolic acid, proportions of carbon and nitrogen smaller than these. Ac- 
cordingto Anderson’s formuls,the formation of pyrrol-red from pyrrol may be represented 
by the equation, . • 

3C*H‘N + H*0 - C'*H»N»0 + NH*. 

Pnwxo ACISt Syn, with Fibobackmic Acn> (p. 769). 
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Nitric Peroxide or Tetroxide of 
Nitrogen . , . . . 

Nitric Anhydride, Acid, and Salts 
Nitric acid ...» 

Nitrates 

Keactions of Nitrates 
Quantitative analysis of Ni- 
trates : Estimation of Nitric 

acid 

Nitrates of Aluminium, Ammo- 
nium, and Barium . 

Nitrates of Bismuth . 

Nitrate of Csesiuin (s. Caesium, 
i. 1116). 

Nitrate of Cadmium . 

Nitrate of Calcium . 

Nitrates of Cerium . 

Nitrates of Chromium 
Nitrates of Cobalt 
Nitrates of Copper, Didymiuiu, 
Erbium, and Crluciuum • 

Nitrate of Gold .... 
Nitrates of Irid -ammoniums 
(iii. 824). 

Nitrates of Iron . 

Ferric Aceto-nitrates . 

Nitrate of Lanthanum 
Nitrates of Lead 
Formonitrate and Pbosphoni- 
trate of Lead 

Nitrates of Lithium, Magnesium, 
and Manganese 
Nitrates of Mercury : 
a. Mercuric Nitrate 
Double salts of Mercuric 
Nitrate .... 

^ Mercurous Nitrate . 


PACK 

Nitrogen : 

Double salts of Mercurous 
Nitrate .... 97 

Nitrates of Molj’^bdenum , , — 

Nitrate of Nickel ... — 

Ammonio-nitrates of Nickel . 98 

Nitrate.sof Oiunium, Palladium, 
and Platinum . . . — 

Nitrate of Potassium : 

Natural Formation . . — 

Purification of the native salt 99 

Preparation from Chile Salt- 
petre 100 

Properties . . . . — 

Valuation . . . .101 

Nitrates of Khodiurnand Rubidium 104 
Nitrate of Silver ... — 

Nitrate of Sodium . . . 105 

Nitrates of Strontium, Terbium, 

I'halUum, and 'i'hovinum . lOG 

Nitrates of Tin, Uranium, Vana- 
dium, Y ttriurn. Zinc, and Zirco- 
nium . . . . .107 

Alcoholic Nitrates; Nitric ethers : 
Nitrate of Amyl . . . 108 

Nitrate of Ethyl ... — 

Mercurethylic Nitrate . — 

66 Nitrate of Methyl . , , 109 

Nitrate of Octyl . . , — 

Nitrogen, Phosphides of (s. Phosphor- 

66 osamides, p. 499). 

67 Nitrogen, Sulphide of . . , , — 

68 Nitrogenium (s. Nitrogen). 

69 Nitrogentianic acid (s. Gentianic acid- 

72 ii. 860). 

76 Nitroglycerin (s. Glycerin, ii. 890). 
Nitfoharmalino (s, Darmaline, iii. 9). 

— Nitroharniine (s. liarinine, iii. 11). 

77 Nitrohaiinatic acid (s. Picraniic acid, 

78 p. 406). 

82 Nitrohelenin (a. Ilelenin, iii. 138). 

83 Nitrohippuric acid (s. liippuric acid, 

iii. 161). 

Nitrohuniic acid (s. Ulmic acid). 

85 Nilrohvdurilic acid (s. llydurilic acid, 
iii. 221), 

89 Nitro-inosite (s. Inosite, iii. 276). 

90 Nitro-iodic acid or Anhydride (s. Iodic 

acid, iii. 299). 

Nitrolactic acid (s. Milk-sugar, iii, 

— 1024). 

— Nitroleucic acid (s. Leucine, iii. 682). 

91 Nitromanuite (s. Mannite, iii. 825). 

— Nitromaric acid (s. Pimaric acid, p. 

— 645). 

Nitroinceonin (s. Meconin, iii. 8G3). 

92 Nitromelaniline (s. Melaniline, under 

93 Phenylamines, p. 464). 

Nitromesidine ) (s. Mcsityicne, iii. 
Nitromesitylenea j 930). 

— Nitrometacetonicacid(s.Propionicacjd). 

— Nitromethides: 

94 Nitroform, Bromonitroform, Te- 

— trauitromethide . . . . 110 

Cyaiionitromethide or Nitraceto- 

95 nitrile Ill 

Cyanodinitromethide or Dinitra- 

— cetonitrile .... — 

Cyano-trinitromethide or Trinitra- 

— cetonitrile 

Cyano-dibromonitromethide or Dx- 

96 bromonitraceto- nitrile . . — 

— Nitromethylic acid (Di-). • . . — 

3 K 2 
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FAQS 

Nitromuriatic acid .... Ill 
Nitron aphthalenes (s. Naphthalene, 
p. 15). 

Nitro-oxybenzoic acid (s. Oxybenzoio 
acid, p. 295). 

Nitropapaverino (s. Papaverine, p. 338). 
Nitropetrol-dianiine (s. Petrol, p. 382). 
Nitropeucedamide and N itropeucedanin 
(s. Peucedaniii, p. 388). 

Nitrophenamic acid . . . .112 

Nitrophenamylidine . . . . — 

Nitrophenesic acid) (s. Phenol, pp.394, 
Nitrophenisic acid j 397). 

Nitroplienoic acid (s. Pheuoic acid, p. 

888). 

Nitrophenol (s. Phenol, p. 394). 
Nitrophenylamine (s. Phenylamine, p. 

445). 

Nitrophenyl-carbamides (s. Carbamide, 
i. 756). 

Nitrophcnylcne-diamine (s. Phenylene- 
dianiine.s, p. 481). 

Nitrophenyl-pyrotartramic acid (a. 

Pyrotartrariiic ethers). 
NitrophoMyl-.fiulphuric and -svdphurous 
ethers (s. Sulphuric and Sulphurous 
ethers). 

Nitrophloretin (a. Phloretin, p. 402). 
Nitrophloroglucin (s. Phlorogludn, p, 

496). 

Nitrophthalene — 

Nitrophthalic acid (s. Pthalic acid, p. 

629). 

Nitrophthalinic acid .... 113 
Nitropianyl (s. Meconin, iii. 803). 

Nitropicric acid — 

Nitropicrotoxino (s. Picrotoxine, p. 

644). 

Nitropropionic acid (s. Propionic acid). 
Nitroprussides (s. Cyanides of Iron, ii. 

250). 

Nitropyrene (s. Pyrei^e). 

Nitroraceniic acid (s. Racemic acid). 

Nitrosaccharose — - 

Nitrosalicylamide (s. Salicylamides). 
Nitrosalicylic acid (a. Salicylic acid). 
Nitroaalicylidea (s. Salicylous acid. 
Derivatives of). 

Nitros 0 ''com pounds .... — 

Nitrosethylin 114 

Nitroso-malonic acid .... — 

Amido^malonic acid . . .115 

Nitrosonaphthalin .... — 

Nitrosophenylin — 

Nitrosopiperidine (s. Piperidine). 

Nitrososulphates 116 

Nitrostilbic acid — 

Nitrostyrol Qs. Cinnamene). 

Nitrosulphalic acid .... — 

Nitrosulphates — 

Nitrosulphides of Iron (s. Iron, iii. 391). 
Nitrosulphobenzide (s Sulphobenzide). 
Nitrosulphbbenzidic acid (s. Nitro- 
phenyl-sulphurous acid). 
Nitrosulphocymolic acid (s. Sulpho- 
cymolic acid). 

Nitrosulphonapbthalic acid (s. Sulpho- 
naphthalic acid). 

Nitrosulphotoluolic acid (s. Sulphotol- 
oylic acid). 

Kitrosulphoxylolic acid (s. Sulphoxyl- 
olic aci^. 

Kitrosyl, Cflilorides of . • • . — 


Nitrotartaric acid (s. Tartaric acid). 
Nitrotheine (s. Cholestrophane, i. 926). 
Nitrotrtluene or Nitrotoluol (s. Benzyl! 
Hydride of, i. 574). 

Nitrotoluidine (s. Henzylamine, i. 576). 
Nitrotoliiylamido (s. Toluylamide). 
Nitrotoluylic acid (s. Toluylic acid). 
Nitrotyrosine (s. Tyrosine). 

Nitro valerianic acid (s. Valerianic acid). 
Nitroveratric acid (s. V^eratric acid). 

Nitro veratrol (s. Veratrol). 

Nitroxainylene (s. Amylene, i. 208). 
Nitroxamylenc, Nitroxysulphide of . 117 
Nitroxin or Nitroxyl (s. Nitryl). 
Nitroxybenzoic acid (s. Oxybenzoic 
acid, p. 295). 

Nitroxylene or Nitroxylol (s. Xylene). 
Nitroxy naphthalic acid . . . 

Nitruin IJg 

Nitryl ... . . . — 

Nomenclature: 

Historical Notices. . . . — 

Nomenclature of Inorganic bodies 122 
Nomenclature of Organic bodies . 127 
Nomenclature of (iroups . 129 

Nomenclature of Functions . 130 
Alcohols. . • • • — 

Acids 132 

Tcrininatlons .... 133 

Literature 134 

Nontronite — 

Noiiyl — 

Nonylamine — 

Nonylene — 

Chloride and Bromide of Nonylene 135 
Nonylic alcohol (s. Nonyl, p. 132). 

Nordenskididite — 

Norite — 

Norium — 

Nosean — 

Notation 136 

Eariy Symbols .... — 

Bergman's Symbols ... — 

Lavoisier’s Notation • . .137 

Notation of Hasseiifratz and Adet l-JS 
Notation of Berzelius . . . 139 

Notation in actual use . . .140 

Notite 142 

Nucin — 


Nuclein . . . . . 

Nucleus Theory . . . . 

Numbers, Law' of Even (s. Glassii 
tion, i. 1011). 

Nus.sicrite . . . • . 

Nut oils 

Nutmeg oils 

Nutrition, Animal . 

On the nature of food . 

Dietetics . . . . 

General Laws of Nutrition . 

A. Statics ...» 

B, Dynamics , 

Nutrition of Plants. . 

Nuttalite (s. Scapolite). 

Nux vomica (s. Strychnos). 
Nympbasa • • • • 


Oats Cs. Cereals, i. 828). 
Obsidian and Pumice . 
Ochran • . • • 


. . 170 
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Ochre . 

PAGE 

. 170 

Oils: 

PAGE 

Ochroitc 

. — 

Decompositions • . , 


188 

Ochota Oil or Camphor 

Outuhedrite (s. Anutase, i. 289). 

* *“ 

Combinations . . . 

Adulterations 


189 

190 

Octyl 

• — 

Oisanite 


191 

Bromide of . . . 

, — 

Okenite 



Octyl, Chloride of . . , 

. 

Oleainide ‘ . 



Octyl, Hydrate of . . . 

Octyl, Hvclride of . 

Octyl, Iodide of . 

! 171 

. 172 

Oleaiidrine fa Pseuclocurarine, p. 7 
Oleciie (s. Noi>ylenc). 

Olctiant gas ( sf Ethylene). 

43). 


Octyl, Oxide of . 

, — 

OI.;line» . ... . 


192 

Octyl, Sulphide of 

. — 

Oleic acid 



Octyl amine 

Octylene 

• — 

Ole.atcs 

Acids related to Oleic acid : 

• 

193 

Meta-oclylene 

. 173 

a. Hydrolcic and Metoleic acids 

195 

Octylene, Acetate of , 

Octylene, Bromide of . 

• — 

/3. Elai'dic acid . 

Oleic Ethers : 

• 


Octylene, Hydrate of . 

. — 

Oleate of Ethyl . , 



Octylene, Ilydrato-chloride of 

. — 

Oleute of Methyl . 

Olcates of Glvceryl; Mono-, 




Ociiba wax 

. — 

Di- 


Odiiiyl 

. — 

and Trt~oft;in . . , 



Odorine 

Odontolite (s. Turquois). 

. 174 

Oleate of M.innLtyl 

Olein (s. Oleic Ethers). 


196 

CEnanthic acid and lOther , 

, — 

Olcono ...... 



Chloroeiianthic acid and Ether 

— 

Olcophosphoric acid 




(Enanthol 

. — 

Oleum Aniniale Dippelii 


J97 

MclQOManthol . . 

. — 

Oleum .lecoris Aselli 



LEiiaiith^’l ..... 

. 17ti 

Olibaiium 


198 

(Eiianthyl, Chloride of 

, — 

Olidic acid . . . , , 



CEnanthyl, Hydride of. 

. 177 

Oligistio iron .... 




(Kiiunthylacetoiie (s. (Enantliylorie). 


Oligoclase 




tEnauthylaniide .... 

♦ — 

Oligon-spar 


199 

CEnantliylene (s. Heptylone). 


Olive ...... 




CEuanthylic acid .... 

. — 

Olive oil 



Gi^nanthvlatea 

. — 

Ohveiiite 


200 

fEnauthylic Anhydride • • 

. 178 

Olivenoid ..... 



(Kaaiithylic Ethere 

, — 

Olivil 




Cliiianthylo-benzoic Anhydride . 

• 

Olivin 


201 

(Knaiithylo-cuiiiinic Anhydride . 

. — 

Oliviriitin 


202 

(Enantliyione .... 

. — 

Olivite 


— 

rEiianlhyl-fiulphuric acid « • 

. «— 

Omichniyl, Oxide of . 




CEnanLliylous acid • . • 

.' — 

Ornphazito 



(Enol 

. — 

Oregite 



(Eiiolin . . . . • 

. — 

Onkosin 




(Enorneter 

, — 1 

Onoceriii 



CEnyl . . . . . 

. — 

Onofrito 




0>stedtite 

, — 

Ononetin ..... 




Otfa llelnioiitii .... 

. 179 

Ononide 


203 

O^coite ts, KipidoUte). 


Oiioniu 




Oil Oas . ... 

, — 

Ononis 



Oil, Genessee or Seneca 

. — 

Onospin 



Oil Mineral 

. — 

Oiivx ...... 


201 

Oil of Vitriol .... 

. — 

Oolite 


— 

Oil of Wire (s. Ethcrin, ii. 507). 


Oosite 


— 

Oils ...... 

. — 

Opal 




A. Fat or Fixed oils : 


Opal Allophane .... 


205 

Vegetable oils, Drying and Non- 
drying 181 

Ophiolito 

Ophite (s. Serpentine). 


— 

Fish oils .... 

. — 

Ophitono 


— 

Other Animal oils 

. ' — 

Opiammone 


— 

a. Oil of Ants 

. — . 

Opianic acid 


— 

/3. Oils from Egg-yolk , 

. — 

Opianates .... 


206 

y. Lard-oil 

. — 

Opiano-sulphurous acid 


— 

S. Neat’s-toot oil . 

. — 

Sulphopiunic acid . 


— 

e. Oil of Silkworms 

. — 

Opianic acid. Amides of 


— 

Adulteration of Fat oils . 

, — 

Opiammone ...» 


207 

B. Volatile oils ; 

Occurrence 

. 182 

Teropiammone 

Opianic ether (s. Opianates).' 



Preparation 

Properties .... 

. 184 
. 185 

Opianine? 

Opiano-sulphurous acid (p. 206). 


— 

Table of Specific Gravities and 

Opianyl . • . . 


— 

Optica] Properties 

. 186 

Opium 


— 

Hydrocarbons from V olatile oils 187 

Opium fat 


208 
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Opium marc 

Opium resin 

Opobalsam 

Opodeldoc . .... 

Opcpanax 

Opsimose 

Orange (s. Citrus, ii. 1002'). 

Oraiigite (s. Thorite). 

Orcein 

Orchella weeds 

Orchil 

Orchis 

Orcin 

Substitution- derivativea of Orcin: 
Bromorcin, Tribromorcin , 
Trichlororcin, Tri-iodorcin 
Compounds homologous with Orcin : 

Beta-orcin 

Kesorcin . . • - . 

Orellin 

Oreoselin 

Oreoselone 

Organic Analysis (s. Analysis, i. 225). 
Organic Cheniistiy .... 
Organo-metallic Bodies 

Formation 

Proporties 

Potassium, Sodium, and Lithium 

series 

Magnesium series 
Aluminium series 
Zinc series . . 

Cadmium series .... 

Tin series 

Bismuth series .... 


Osmium. Sulphides of . . • • 
Osmium^bases, Ammoniacal • , 

Osmose (s. Liquids, iii. 7J8). 

Ossein (s. Bone-cartilage, i. 619). 

Osteolite 

Ostranite . . . 

Ostreocolla 

Othyl 

Otoba fat 

Ottrelite 

Ouvarovite 

Owala 

Owenite 

Oxabenzidide 

Oxacalcite 

Oxacetic acid (s. Glycol lie acid, ii. 909). 

Oxalacctic acid 

Oxalan (s. Oxaluramide, p. 277). 

Oxalantin 

Oxalic acid 

Oxalates 

Oxalate of Aluminium . 

Oxalates of Ammonium . • 

Oxalate of Antimony 
Ammonio-, Potassio-, and Sodio* 
antimonic Oxalates 
Oxalates of Arsenic . . , . 

Oxalates of Barium 
Oxalates of Bismuth 
Ammonio- and Sodio-bismuth 
Oxalates . . . . 

Oxalates of Cadmium . 

Oxalate of Cadniammonium . 
Ammonio-cadmic Oxalates 
Potassio-cadmic and Sodio-cad- 


Lead series 





mic Oxalates . 


254 

Mercuric series . ' . 



— 

Oxalate of Calcium 


— 

Antimony series 

Arsenic series • 



229 

Oxalate^ of Cerium 


255 



230 

Oxalates of Chromium . . 


— 

Tellurium series 



233 

Double Salts . . . 


256 

Constitution of Organo-metallic 


Oxalates of Cobalt 


267 

Bodies . . . 

. 

• 

— 

Potassio-cobaltous Oxalate 


— 


Organum (see Marjoram). 

Oropion (s. Rock salt). 

Orpiment ...... 

Orseille (s. Archil). 

Orsellesic acid (s. Orsellinic acid). 

Orsellic acid 

Orsellinic acid 

Orsellinic Ethers 

Orthite 

Orthocarbonate of Ethyl 
Orthoclase (s. Felspar, ii. 619). 

Ortho -salts 

Orthose (s. Orthoclase). 

Osman* osmic acid (s. Osmiamic acid). 
Osmazome ...... 

Osmelite (s. Pectolite). 

Osmiamic acid . • • . • 

Osmiamide 

0:"add}(Pl‘245.246). 


Osmiridium .... 


. 240 

Osmitopsis, Oil of . . 


. 241 

Osmium . • . • 


. — 

Osmium, Chlorides of . • 


. 242 

Dichloride, Trichloride . 


. — 

Tetrachloride • 


. 248 

Hexchloriile . 


. 244 


Osmium, Detection and Estimation of. 
Osmium, Oxides of ... . 

Protoxide. Sesquioxide. Dioxide 
Trioxide. Tetroxide ... 


Oxalate of Cobalt-nickel-ammo- 
nium . . . . • 

Oxalates of Copper ♦ 

Oxalate of Didxnniiiin . . 

Oxalate of Glucinum . . . 

Ammonio'glucinic Oxalate • 
Oxalates of Iron ; 

Potassio-ferrous Oxalate . • 

Ammonio-ferric Oxalate . . 

Baryto-, Calcio-, Potassio-, So- 
dio-, and Strontio-ferric Oxa- 
lates . . . • . 

Oxalate of Lanthanum . 

Oxalates of Lead ; 
Potassio-plumbic Oxalate. . 
Oxalo-nitrates of Lead . • 

Oxalates of j^ithium . . • 

Oxalates of Magnesium . • 

Ammonio-magnesic Oxalates • 
Potassio-magnesic Oxalates • 
Oxalates of Manganese . • 

Ammonio-mangonousOxalatos . 
potassio-, and Sodio-manganous 
Oxalates . . . • 

Oxalates of Mercury . . : 

Ammonio-mercuric Oxalate 
Oxalate of Tetramorcurammo- 
nium (iii. 918). 
Potassio-mercuric Oxalate 
Oxalates of Molybdenum • • 

Oxalate of Nickel , . . • 
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Oxalic acid ; 

Aminonio-nickel Oxalates 
Oxalate of Nickel-cobalt-ammo- 
nium (p. 258). 

Oxalate of Palladium . 

Arnmonio-palladious Oxalate . 
Oxalates of Platinum . 

Oxalates of Potassium . 

Oxalates of Kubidium . 

Oxalate of Silver .... 

Amiuonio-oxalate of Silver 
Oxalates of Sodium 
Oxalate of ^I'antalum ? . , , 

Oxalate of Tellurium ? . 

Oxalates of Thallium . 

Oxalate of Thorinum . 

Potassio-tliorinic Oxalate . 
Oxalates of Tin .... 
Ainmonio- and Potassio-stannoua 
Oxalates .... 

Oxalate of Titanium 
Oxalates of Uranium . 
Amrnonio-uranoua Oxalate 
Amnionio- and Potassio- uranic 
Oxalates .... 

Oxalate of Vanadium . 
Potassio-vanadic Oxalate . 
Oxalo-vanadie add . 

Oxalate of Yttrium 

Oxalate of Yttrium and Potas- 
sium 

Oxalate of Zinc .... 
Oxalate of Zinc and Ammo- 
nium 

Oxalate of Zinc and Potassium . 
Oxalic acid, Amides of . . . 

Oxalic Ethers ..... 
Oxalate of Allyl . 

Oxalates of Amyl, neutral and 
acid ...«•• 
Oxalates of Ethyl ; 

JJJeutral Ethvlic Oxalate: 

Oxalic Kther .... 
I’erchlorettjylic Oxalate 
Ethyl-methylic Oxalate 
Ethyloxalic add 

Pentadilorefhyloxalic or 
ChloioxaJovinic acid 
Oxalate of PUhyleno 
Oxalates of Methyl : . . . 

Neutral Methylic Oxalate 
Chloromethylic Oxalates 
Compounds produced by tlio 
action of Zinc-ethyl, &c. on 
the Oxalic Ethers 

1. Diethoxalic, Dioihoglycol- 
lic, or Leucic ether 

2. Diniethoxalic or Dietho- 
glyoollic acid 

3. Ethoniethoxalic or Etho- 
methoglycollic acid 

4. Amhydroxalic or Amogly- 
collic acid .... 

6. Ethamuxalic or Ethamo- 
glycollic acid . . 

6. Diainoxalic or PiamogTy- 
collic acid .... 

7. Products of the action of 
Zinc on a mixture of Amy- 
lic Oxalate and Ainylic 
Iodide ..... 

Oxalite ...... 

Oxalmethylovinide (p. 271}. 


Oxalovinic acid (s. Ethyl- oxalic acid, 
p. 271). 

Oxaluramide 

Oxaluranilide 

Oxaluric acid 

Oxalvinomethylide (p. 271). 
Oxamethane Vs. Ethyiic Oxamate. 

p. 2«0). 

Oxaniethvlane (s. Metliylic Oxamate, 
p. 2«J). 

Oxamic acid ..... 
Oxauiatcs ..... 

Oxamic Ethers 

Amvlic Oxamate or Oxainylaiie . 
Ethyiic Oxamates : 

Oxamethane .... 

Chloroxainetljano 
Ethyloxsmic acid 
Ethyiic Dicthyloxamate . 
Methylic Oxamates: 

Oxainethylauo .... 

Methyloxfimic acid . 

Ethyiic Dimcthyloxamate 
Pheiiyloxamic or Oxanilic acid 
Oxamide ...... 

Pimethyloxamide .... 

Piethyloxaiuldo .... 

Piamyloxamide .... 

Naphthyl oxamidcs : 

Pinaphthyl-oxamide or Oxa- 
naphthalide .... 

Cyanodinaphthyloxarnido or 
IMeiiaphthoximide . . , 

Phenyloxamides : 

Mon(>phenyloxarnido or Oxani- 
lainide ..... 

Dipheuyloxamide or ()xanilide . 
Cyanodiphenyloxaiuido or Me- 
lauoxiiuide .... 

Oxanaphthalide > 

Oxanilaini<le ) ^ 

Oxanilic acid (s. Phenyl- oxamic acid, 

p.281). 

Oxanilide (a. Dipheuyloxamide, p. 
285). 

Oxaniline ...... 

OxaiJthracene (s. Paranaphthalene). 

Oxat<)Iylic acid 

Oxethyl 

Oxethylene-bases (s. Ethylcne-bnscs, 
ii. 593). 

Oxetbyl-triethyl-phosphonium (s. Phos- 
phorus-bases). 

Oxhaverite (s. ApophylJite, i. 257). 

Oxonic add 

Oxuric acid 

Oxyacanthin 

Oxyacanthine 

Oxyanisarnic add . 

Piaznanis-oxyanisamic or Diazo- 
anis-amidanisic acid . 
Oxybciizamic acid .... 

Acetoxybenzamic acid . 

Penzoxybenzamic .acid . . . 

Piazobenzo'oxybcnzamic or Dia- 
zobenzo-amidobenzoic acid 
Diazobenzoic acid .... 
Dioxybenzamic acid 
Oxvbenzodiamide • . . . 
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Oxjbenzoic acid . 

Todoxybenzoic acid 
Nitroxybenzoic acid 
Trinitroxy benzoic acid . 

Oxy butyric acid . 

Oxybutyroxj'l-propionic ether 
Oxycarboxyiic acid 
Carboxylic acid 
Oxycarininic acid 

Oxvchloric acid (s. Perchloric acid, i. 

910 ;). 

Dxychloridcs — 

Oxychlorocarbonic acid (s. Chloride of 
Oarbonyl, i. 774). 

Oxydnchonine — 

Oxycobaltic salts (s. Cobalt-bases, Am- 
moniacal, i. 1056). 

Oxvcroconic acid (s. Leuconic acid, iii. 

584). 

Oxycurainamic acid .... 297 
Diazocumin oxycuminamic acid . — 

Oxycuminic acid (s. Cuminic acid, ii. 179). 
Oxydibromopbenyl-sulphuric acid . — 

Oxyfluoridea — 

Ox*yffcn — 

Active Oxyffon or Ozone . . 299 

Oxides and llydratOvS . . . 303 

Metallic Oxides and Hydrates; 
their Classilication ... — 

Occurrence and Formation of Me- 
tallic Oxides .... 307 
Peroxides of Organic Kadicles . 309 
Oxygen, Detection and Estimation of . 311 
Oxygenated Water • . . *312 

Oxygenoid — 

Oxyguanine — 

Oxygummic acid — 

Oxyhippuric acid — 

Oxy-hydrogen Blowpipe ... — 

Oxyiodic acid (s. Periodic acid, iii. 307). 

Oxylisation 313 

Oxylizaric acid (s. Pnrpurin). 
Oxymethyl-carbonic acid . . • — 

Oxymethyl-triethyl phosphoniuin . — 

Oxy morphine — 

Oxynaphthalic acid .... — 

Chloroxynaplithalic and PerchloF'i 
oxynaphthalic acids . , • — 

Oxynaphthyl, Chlorides of . .. . 314 

Chloride of Chloroxynaphthyl and 
Ch loride of Perchloroxynaphthy 1 — 

Oxynaplithylamine .... — 

Oxyparatartaric acid .... 315 
Oxypencedanin (s. Peucedanin). 

Oxyphenic acid — 

Acetoxyphenic and Benzoxyphenic 
acids 317 

Oxyphenyl-sulphuric acid . . . — ■ 

Oxyphorphyric acid 
Oxypicric acid . • . • . 

Oxypinitannic acids .... 819 
Oxyporphyric acid (s. Porphyric acid). 
Oxyprotein (s. Protein). 

Oxypyrolic acid . . • • • — 

Oxyqulnine . . . . • • 320 

Oxyrrophone 

Oxysalicylic acid . . . . . — 

Dioxysalicylic or Gallic acid . — 

Oxysalts — 

Oxystrychnines — 

Oxysalphides — 

Oxysulphocarbonic Ethen (s. Sulpho- 
carbonic Ethers). 


PACK 

295 
’ 296 


Oxysulphoplatinocyanide of Potassium 
(b. Cyanide of Platinum, ii. 267). 
Oxystilphosulphurous acid (s. Ilypo- 
sulphurous acid, under Sulphur, 
Oxygen-acids of). 

Oxysylvic acid 
Oxytcreplithalamic acid 
Oxyterephthalic acid 
Oxytolic acid 
Oxytoluamic acid 
Oysters 
Ozarkitc 

Ozocerite or Ozokerite 
Ozone (s. Oxygen, p. 299). 

Ozoiie-hyd rogen 
Ozone-water 


PAGK 


821 


322 


P 


Paebnelo 823 

Paclinolite — 

Packfong or Packtong .... 824 
l*tcoiiin . . . . . . , — . 

i\igodite (s. Agalmatolite, i. CO). 
J'aisbergite (s. Rhodonite). 

Pakoc Kidang (s. Cibotium, ii. 962). 

Palaio-crystals — 

Palagonke — 

Paligorskite . . . . . . 325 

Palisander Wood — ■ 

Piilladamine ) (s. Palladium -bases, 
Pallad-diamine j Ammoniacal). 
Palladanilamine > (s. Palludium- 

Palladethylamiue j bases. Organic). 

Palladium 
Palladium, Alloys of . 

X^alladium, Bromide of 
Palladium, Carbide of . 

Palladium, Chlorides of 
Pulladium, Cyanides of (s. Cyanides, ii. 

260). 

Palladium, Detection and Estimation 
of: 


! 826 
. 327 


1. Reactions .... 

2. Estimation and Separation 
Atomic Weight 

Palladium, Fluoride of. 

Palladium, Iodide of . . . 

Palladium, Oxides of . • • 

Palladium, Selenide of . • • 

Palladium, Sulphide of . • 

Palladium-bases, Ammoniacal • 
Palladium-bases, Organic . 

Palmic acid (s, Ricinelafdio acid). 
Palmin (s. Kicinelaldin). 

Palmitamide .... 
Palmiti c acid . . • • 

• Apalmitates, Metallic 
PwEbitic Ethers .... 
Methylic Palmitate 
Ethyfic, Amylic, Getylic, and My* 
ricylic Palmitates 
Palmitates of Glyceryl or Palmi- 

tins 

Palmitate of Mannityl • 

Palmitin . . 

Palmitone . • • • • 

Palmitonic acid • . • • 

Palmityl . . 4 . • 

Palm-oil or Palm-butter 
Palm-sugar . • • • • 

Pulm-wax • • • • • 


828 

829 

380 


881 

884 


836 


837 
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p.ilm-wine .... 
raiiabase (s. Tetrahedrite). 
J’aiicreatic juice . 
i*ap:iVerine .... 
l‘a pyrin .... 
rarabdiiic acid 

Muthyl-parabanic acid . 
Dimetliyl-parabanic acid 
Di phenyl -paraban ic aci d 
Parabenzene or Parabenzol . 
r.irabroirialide 


PACK 

. 387 


! 338 
. 333 



Parabroinomaleic acid (a. Maleic acid, 
iii. 788). 

Paracacodylic Oxide (s. Arsenic-radi- 
cles, Orj^anic, i. 407). 

Paracajpiitene (s. Cajputeno, i. 711). 
Pjiracainpboric acid (s. Camphoric 
acid, i. 730). 

Paracarthamin 341 

Paracelluloao — 

Paracetone (s. Pinnacone). 

Parachloralide — 

I’aracbhirobenzoic acid ... — 

Paracitric acid (s. Aconitic acid, i. 54). 

l^iracolumbite — 

Paracyanic acid — 

Paracyanopfcn — 

Paradigitaletin 342 

Paradiidiosphoniiim - compounds (a. 

Ph()sphoruH-ba8C.s). 

I’aru-ellagic acid (s, Rufigallic acid). 

Paraffin — 

Manufacture of Paraffin and Paraf- 
fin oils 344 

List of Memoirs relating to Paraf- 
fin and allied matters . . 3 17 

Paraglobularetin (h. Globularin,ii. 846). 
Paragonite (a. Pregrattile, p. 724). 

i’araguayTea 349 

Parabexylcne — 

Paralactic acid — 

Paralbumin (s. Albumin, i. 68). 

Paraldehyde — 

Parallelosterisra — 

Paralogite — 

Param . — 

Paramaleic acid (a. Fumaric acid, ii. 

741). 

Paramalic acid — 

Parameconic acid (s. Comenic acid, i. 

1103). 

Paramenispermino (s. Menisperraine, iii. 

Pararaic acid ) (s. Mellitic acid, Amides 
Paramide j of, iii. 873). 

Param idoben zoic acid (a. Para-oxyben- 
zamic acid, p. 351). 

Parumorphine (a. Thebaine). 

Paramorphoua Crystals . . ,j|;350 

Paramucic acid * — 

Paramylene or Diamylene ... — 

Paramylono — 

Paranaphthalene or Anthracene . . — 

Bromanthracene .... 851 
Chloranthracene .... — 

Oxanthraceiie .... 352 
Dinitroxanthracene ... — 

Paranicene — 

Paranicine — 

Paraniline 

Paranitrobonzoic acid (s. Nitrodracvlic 
acid,p.60> 

Paranthin 


Para-oxybenzamic acid , 
Azo-paraoxybenzamic acid . 
Para-oxybenzoic acid . 

Parapectic acid and Parapectin (s. Poc 
tic acid and Pectin). 

Paraphosphoric acid . 

Para))icoliiio 

Pararhodeoretin .... 
Parasaccharose .... 
Parasalicyl ..... 

Parasites 

Parasorbic acid (s. Sorbic acid). 

Parastilbite 

Parasulplmtammon (s. Sul pli amide). 
Paralartaric acid (s. Racemic acid). 
Paratartrarniile (s. Rncemainide). 
Paratartralic and Paratartrelic acids 
(s. Racemic acid). 

Paratartrovinic acid 
Parathionic acid . 

Parati'lueiie or Paratoluol . 
l*arcllic acid and Parellin . 

Pargaaito .... 

Paricine .... 

Paridin 

Puridol 

Parictic acid 

Parietin .... 

Paris Bluo .... 

Paris Lake (s. Carmine Lake). 

Paris Red .... 

Parisito . , , , 

Paristyphnin , , , 

Pannclia .... 
Parmcl-red and Parmel-yellow 
Parthenic acid 

Parting 

Passive state of Metals (s. Electricity 
ii. 430). 

Paste or S trass 
Pastinacene , 

Pasto-rcsin . 

Patchouli 

Patina .... 

Patrinite (a. Aciculite) 

Paulite . 

Paulownia . 

Pavietin 
Paviin . 

Pea 

l*each (a. Fruit, ii. 715), 

Peacock Copper ore 
Pearl . . . 

Pearl-ash 

Pearl-mica (s. Margarite). 

Pearl-sinter , 

Pearl-spar . 

Tearl-stone . 

Peastoiie or Pisolite 
Peat . . • . 

Pectase . . • 

pSin*^*^*^} ^®*^*®®* Substances). 

Pectolite 

Pectous Substances 
Pectin . 

Parapectin 
Metapectin 
Pectosic acid , 

Pectic acid 
Parapectic acid 
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357 


358 


360 


362 


.363 

364 

365 

366 
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Pectous Substances; 

Metapectic acid .... S69 
Pyropectic acid 

General view of the tr.insformationa 
of Pectin and the mutual rela- 
tions of Pectous Substances 

Peganite 370 

Peganum 
Pegmatite . 

Pegrnatolite (a. Ortboclase), 

I’egniin 

Pelamine*(8. Lepidine, iii. 673). 

Pelargone 

Pelargonene (s. Nonj’lene, p. 134). 

Pelargonic acid . 

Pelargonic anhydride . . . ,371 

Pelargonic Ether 
Pelargyl 
Pdld's Hair . 

Pelicanite . 

Peliom . 

Pelluteine . 

Pelocoaite . 

Pelopiiim (^8. Niobium, p. 48). 

Pelosine 

Pencalite 372 

Peiighawar Djambi 
Pennine 

Pennite (s. Hydronickel-magnesiie, iii. 

212). 

Penta . 

Pentachloroxylin or Pentacbloroxylone 
Pentaaulphopyrophosphate of Ethyl 
(s. Sulphophosphoric ethers). 

Pen^thionic acid (s. Sulphur, Oxygen- 
acids of). 

Pentethylenic Alcohol (s. Ethylene, 
Hydrates of, ii. 677), 

Peplolite 

Pepper (s. Piper). 

Peppermint- camphor (a. Menthol, iii 
880). 

Peppermint-oil (s. Piperita?, Oleum 
Mentha?, p. 659). 

Pepsin . 

Peptones 
Per 

Perbromic acid 
Perchlorates . 

Perchloric ether 

Perch loroplatinocyanides (s. Cyanides, 
ii. 268). 

Perchloroquinone (s. Quinone). 
Perchlororubian (s. Kubian). 
Percliloroxvnaphthalic acid (s. Oxy- 
naphthalic acid, p. 313). 

Percy lite 877 

Pereirine — 

Periclaae ...... — 

Periclin (s. Felspar, ii. 621). 

Peridote (s. Olivin, p. 201). 

Perimorphous Crystals . . • . — 

Periodic acid (8.‘lodine, Oxygen-acids 
of, iii. 807). . 

Peristerite * ^ — 

Perlite (s. Pearlstone, p. 358). 

Permanent White . • 

Pennanganates (s. Manganic acids, iii. 

819). 

Perofskite or Perowskite . . . — 

Perowskin (s. Triphylin). 

Peroxides (s. Oxygen, pp. 804, 809). 
Perspiration 878 j 


373 

374 


376 


PAOB 


878 

880 

881 


382 


383 


387 


Perspvroylic acid (s. Salicylic acid). 
Persulphides 
Persiilpliocyanic acid . 

Persulphocj’anogen 
Perthite .... 

Peru Halsnm (s. Balsams, i. 496)< 

Perur c acid .... 

Pertivin (s. Cinnylio alcohol, i. 992). 

Pctalite .... 

I’ctnsite .... 

Petinine .... 

Petrol 

Trinitropetrol , , 

Nitropetroldiamine 
Triethyl-nitropetroldiamine 
Petroleno .... 
l*ctroleiim .... 

Petrosilcx .... 

Petuntze .... 

Petzite 

Peucedanin .... 

Nitropeucedanin . 

Penci l (s. Terebileue). 

Phacolite .... 

Phaconin .... 

Phaeoretin .... 

Phaeosin or Phieosic acid 
Pharmacocalcite (s. Olivonite). 

Pharinacolite 

Pharmacoaiderito (s. Cube-ore, ii. 171). 
Phascolus (s. Bean, i. 524). 

Phaseomannite (s. Iriosite, iii. 274). 

Pheasant — 

Phcnacitc or Phenakite . • • — 

PlicnamoYne . . .... 888 

Plienamviol, Phenates; Phenetol (s. 

Phenol, p. 891). 

Phengite (s. Muscovite). 

Phonic acid (s. Phenol). 

Phenicine .... 

Phenoic acid . • 

Phenol , , • . 

Phenates, Metallic 
Phenates, Alcoholic: Anisol, Phe- 
netol, Phenamylol 
Phenol, Derivatives of . . 

1. Bromophenic acids . 

2. Ohlorophenic acids ; 

Dichlorophenic acid . 
Trichlorophenic acid . 
Pentachlorophenic acid 

3. lodophonic acids 

4. Nitrophenic acids : 

Nitrophenic acid 
Isotutrophenic acid . • • 895 

Nitrodiclilorophenic acid . . 897 

Nitro-di-iodophenic-ocid 
Dinitrophenic acid . 

' Dinitrobroniophenic acid . . 899 

Dinitrochlurophenic add . - 400 

Triiiitrophenic of Picric acid . •— 

Picrates, Metallic . . • 403 

Picrates, Alcoholic: Picric 
Ethers , . . • 406 

Picrates of Organic- bases 
Picrates of Hydrocarbons 
Compounds produced by the 
lion of Reducing Agents 
the Nitrophenic acids: 

1. By Sulphide of Amnumium: 
Kitrophenamic, Dinitro-di- 
phenamic or Amido- nitro- 
pheuic acid . • • 


389 

890 

391 


393 

394 
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Phenol, Derivatives of. 

Ethyl-nitrophenidine or Ni- 
trophenctidine . 

Picramic, Dinitrophenamlc 
or Amido-dinitrophenic 

acid 

Nitrochlorophenamic or 


Phenylamines: 

Properties .... 
Decompositions 
Salts of Aniline 
Substitution - derivatives of 
Aniline: 

I. Formed by replacement of 


acid 

407 

. Phenyl-radicle . 


429 

2. By Hydnodic acid and 


Azophenylainine 


430 

Stannons Chloride. 


Bromaniiiiie . 


436 

Picrainine .... 



Dibromaniline. 




3. By Cyanide of Potassium. 


Tribroinaniline 


436 

Metapurpuric acid 

408 

Azobromophenylamine 


— 

4. By Nitrous acid. 


Azodibromophenvl amine 

438 

Diazonitrophcnol 

— ' 

- Chlorophenyl amine 

or 


Diazodinitropheriol . 

— 1 

Chloraniliiie 

, 


Diazonitrochlurophcnol 

“ 

Dichloraniline. 


440 

Appendix to Phenyl-derivatives : 


Trichloraniline 

• 

441 


Tri-iodophenic acid . . 409 

Phenol-blue — 

Phenoxac^etic acid .... — 

Phenyl — 

Bronaophenyl .... 410 
Chlorophenyl .... — 

Nitrophenyl and laonitrophenyl . — 

llrurnonitrupheiiyl . . . 411 

Amidophenjd or llensidine . . — 

Aiuidonitrophcnyl ... — 

liromamidophenyl or llromobenzi- 
dinc . . . . . — 

Diazobenzidine or Tetrazodiphenyl 412 
Diazobenzidine-anilino or Diazo- 
dipheriylene-diphenyl'tetramide 413 
Phenyl, Bromide of . . . . — 

Phenyl, Chloride of . . . . — 

Phenyl, Cyanide of . . . . — 

Phenyl, hydrate of (p. 289). 

Phenyl, Hydride of, or Benzene . . — 

Azo* and Amidobenzenes . • — 

Monobromobenzene . • . 414 j 

Di-, Tri-, and Tetra-bromobenzene i 
Munochlorobenzeno , . . 

Dichlorobcnzene .... 41.5 | 
Trichlorobenzeno . , . . — i 

Mono-iodobenzene ... — 

Brotniodobenzene .... — 

Mono- and Di-nitrobenzene . . 416 

Nitrobromobenzene ... — 

Nitrodibromobenzene ... — 

Nitrotetrabromobenzene . • — 

Nitrochlorobenzene ... — 

Dinitrochlorobenzeno ... — 

Trinitrochlorobenzcne, Trinitro- 
phenylic Chloride, or Chloro- 

Picryl — 

Phenyl, Iodide of (p. 416). 

Phenyl, Oxide of — 

Phenyl, Sulphides of; 

Protosulphide . . . . 417 

Disulphide — 

Plienyl-sulphydrate of. . . . 418 

Phenylacetamide ..... — 

Bromo-, Chloro- and Nitrophenyl- 
acetamides .... — 

Phenylaraic or Anilic acids . . .419 

Phenylamides or Anilides ... — 

Phenylamides or Anils ... — 

Phenylamines — 

A. Phenyl-monamines ... — 

Monophenylamine or Aniline . — 

History," Formation, Prepara- 
tion ..... 420 


Chlorodibromaniline . — 

Azocblorophenylamine . — 

Azodichlorphenylarnine . — 

Cyanophenylaraine orCy- 
anilide .... — 

Cyananiline . . . 442 

lodopbenylamine or lo- 

daniline . . . 444 

Azo-iodophenylamino . 446 
Nitrophenylamine or Ni- 
traniline ... — 

Dinitrnniline . . . 4^17 

Trinitraniline or Picra- 
mido . . • 448 

Azonitrophenylarnine , — 

II. Derivatives of Aniline 
lorrncd by replacement 
of the extra- radical or 
typic Hydrogen . , 449 

Allyianilinu . , , — . 

Amylanilinc ... — 

Diamylaniline. • • 460 

Cetylanilino ... — 

Ethylaiiiline , , . — 

Diethvlanilino . .461 

Kthylbromaniline , . — 

Ethylchloraniline , , — 

Diethylchloraniline. , 462 
Ethyl-allyl' aniline . , — 

Etliyl-amyl-anilino , — 

Mctnylaniline ... — 

Methyl-amyl aniline . —■ 

Methyl ethyl -aniline . 
Diphciiylaminc . . 453 

Tripheilylaniino . . — 

Tolyl- or Benzylaniline . 454 
Vinyl -aniline ... — 

B, Phenyldiaiuiries .■ . , 466 

1. Ethylene'Cmnnounds : 

EthyleHe-diplienyl-diamine . — 

Ethylene- dipheiiyl-diethyl- 

diaminc . . . . — 

Diethvlene-diphenyl-diamine 

2. Eih^idene-compoundi. 

Ethylidene-dipncnyl-diamine 456 
Diethylidene - diphenyl - dia- 
mine 457 

3. Phenyl - diamines containing 

other Aldehyde-radicles, 
Diallylidene-diphenyl-diamine — 
Diamylidene-dipheiijd-dia- 

mine — » 

Dibenzylidene-di phenyl-dia- 
mine .... — 
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458 


459 


PAGE 

Pbenylamines : 

Benzylidenc-diethyl-diphenyl- 
diarnine 

Diheptylidene-dipheuyl-di 
mine .... 
Heptylidene-diallyl -diphenyl- 
diamine .... 
Heptylidene-diethyl-diphenyl 
diamine 

Products of the action ofCin 
naniic, Cuniinic, and Salicy- 
lic acids on Aniline . 

4. Formyl-compound : 
Formyl-diphuiiyl-diamino 

5. Azophenyl-tliumines : 
Azodipheiiyl-diarnine 
Azo-bromo-dJplierjyl-diamine 
Azo-dibromo-dipbenj’l'dianiine — 
Azo-cliloro-di|>henyl-diainine — 

, .^zo-dichloro-diphenyl-dianiinc — 

> Azo-nitro-diphenyl-diaminc . 461 
Azo-phenyl-naphthyl-diamine — 

6. Cyano~p1wnyl-diamine» . 

Cyan o- d i p h e nyl- d i amine 

Melanilinc . 

Dibroniomelanilino 
Dichloroniclaniliiio 
Diniodoinelanilirie . 
Dinitroinclaniline . 
Dicyanoinelanilino . 

C. Phonyl-triamines ; 

1. Carbo-lriplienyldriamine 
Appendix to FAenylamines ; Aniline 
ayef : 

Aniline-black 
Aniline-blue. 

Aniline-brown 
Aniline green or Emeraldine 
Aniline-purple or Mauve: Mau 

veine 

Salts of Mauveine • • 

Anilino-red or liosanilinc: 

Preparation 

'Purification . . • 

Composition and Formation 
Salts of liosaniline 
Derivatives of Kosaniline . 

Tri-ethyl -rosaniline 
Aniline-violets . 
Triphenyl-rosaniline or Ani- 
line-blue 

Tritolyl-rosaniline or Tolui 
dine blue . 

Aniline-yellow or Chrysaniline 
Phenylammoniuras 

1. Containing only Alcohol-radi- 

cles . . . . . 

Triethyl-phenylammonium 
Meth 3 'l-ethyl-amylo-phenylam- 
monium . . ' . 

Ethyl-triphcnylammonium ? 

2. Phenyl -ammoniums containing 

Metals : 

Antimony, Arsenic, and Bismuth- 
compounds . . . • 

Cadmium, Mercury, Palladium, 

Tin, and Zinc-compounds 

Phenyl -amyl 

Phenyl-anisamide . . . 

Pbenyl-arsenamic acid . 

' Pheiwl-benzamides : 

Phenyl-ben zamide or Benzanilide 
Phenyl-nitrobenzamide 


460 


463 


464 


465 

466 


407 


468 

469 


470 

471 


472 


473 


474 


^75 

476 


476 

477 


Phenyl -benzamides : 

Phenyl-dibeiizamide or Dibenza- 
nilide . . ' , 

Diphenyl-benzainide 
Phenyl-toI^d-benzamideorPheiiyl- 
benz 3 d- ben zam ide 
Phenyl ben zo 3 'l . 

Benzhydrol . 

Benzhydrolic ethers 
Phen 3 'l-bcnzylamine 
Phenyl - ben zy 1 ena m i ne 
Phenyl-broinimesatin . 
Phen 3 d-but\’ramide 
Phcnvl-carbamic acid (s. Carbamic acid, 
i. 751). 

Phenyl-curbamides (s. Ourbamides, 

7 on). 

Phenvl-cetvbamines (s. Pheiudamines, 
p. 450). " 

Phenyl-cblorimcsatin (s. Phenyl-ime- 
satins, p. 485). 

Phenyl-chlorocyanamide (a. Phenyl- 
amines, p. 442). 

Phoiivl-cinnainido (s. Cinnamide, i. 
989). 

Phonyl-citraconamidcs (s. Citraconic 
acid. Amides of, i. 993). 
Phen 3 d-citiMmidea (s. Citric acid, 
Amides of, i. 1000). 

Phenyl-diamines (s. Phenylamines, p. 
464). 

Phenylene-diamine . . . . 

Nitroplienylene-diamine 
Nitrophenx’Jene-oxumide ■ 
Nitrophenylene-oxidiamic acid 
Azopheiiylene- diamine . 
Azobromophenylene-dianiine 
Azodibromophenylcne-d iamine 
Azochloroj)henylene-diannne 
Azo-iodo-phcn 3 dene-dittinine 
Azo-nitro-phenylenC‘dianiine 
Azonitrophenyrenic acid 
Phenyl-disulpho-diamic acid (s. Sul- 
phamic Ethers). 

Phenyl-ethyl 

Brornophenyl-ethyl 
Nitrophenyi' ethyls 

Phenyl-etiiylamines (s. Phenylamines, 
p. 450). 

Phenyl-formamide (s* Formaraide, vi* 
682). 

Phenj’Iic acid (s. Phenol, p. 389). 
Phenylido of Benzoyl (s. Phenyl -ben- 
zoyl, p. 478). 

Plienylide of oalphopbenyl (s. Sulpbo- 
benzide). 

Phenyl -itnesati ns . • 

Piienyl-itaconamic acid and Phenyl- 
itaconamide (s. Itacdnic acid, iii. 
436). 

Phenyl-malamic acid and Phenyl -ma- 
lamides (s. Malic acid, Phenylated 
Amides of, iii. 797). 
Phenyl-mercaptan (s. Phenyl, Sulphy- 
drate of, p. 418). - 

Phenyl-rnethyl . , . • 

Phenyl -methylaminea— Pheiiyl-phtha: 

limide . . . . • • 

Phenyl-pyrotartramic acid — Phenyl- 

valeramide 

Pbiilipsite . . . . • • 

Phillygenin , . . , . • 

Philiyrin • . . . » 
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483 


484 


485 


485 
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rAf;K . 

Phlegma 488 

Phleum (s. Grasses, ii. 943). 

Phlolja phene — 

phlogiston (s. Combustion, i. 1089, and 
Gas, ii. 774 — 782). 

Phlogopite (s. Mica, iii. 1012). 

Phloramino . ... . . . — 

Phloretaniic acid 489 

Phloretic acid — 

Phloretates 490 

Dibromophloretic acid . . .491 

Dinitrophloretic acid ... — 

Phloretic ethers ..... — 

Acetyl-phloretic acid ... — 

Kthvl-phloretic acid ... — 

Arnyl-phloretic acid . . . 492 

Phloretiii — 

Tetrabromopbloretin ... — 

Nitrophloretiii .... — 

Metaphloretin .... — 

Phloretol ...... 49.S 

Phloretyl — 

Phlorizein — 

Phlorizin — 

Phlorizates 494 

Phloroglucin — 

Tribroniophloroglucin . . . 495 

Nitrophloroglucin .... 490 

Acetyl -phloroglucin ... — 

Pciizroyl-phlorogluciu ... — 

Phlorone — 

Metaphlorone .... — 

Phoceiiic acid (s. Delphinic acid, ii. 309). 
Phocenil or l^hoceniu (a. Delphin, ii. 

809). 

Phucnicin (s. Indigo-sulphuric acids, 
iii. 261). 

riioenicite (s. Mclanochroite, iii. 8GG;. 

Pholcrite — 

Phoiiolite Cs. Clinkstone, i. 1025). 

Phornuiie (s. Morphine, iii. 1051). 

IMiorono (a. Carnphorone, i. 733). 

Phosgene — 

Phosgenite ...... — 

Phospli acetic acid .... 497 

Phospham — 

Phosphainic acid — 

Phosphainidcs — 

Phosphainmoniunis . , , , 498 

Phosphaniyl - trieth ylium and Phos- 
phamyl-triinethylium (s. Phospho- 
rus-bases, p. 616). 

Pliosphaiiilic acid .... — 

Phosphaiitimonic acid .... — 

Phospbarsoniuins .... — 

Phosphates (a. Phosphorus, Oxygen- 
ari<ls of, pp. 635, 650). 

Phosphatic acid . . , . . . 499 

Phosphethic acid , . . . . — 

Phosphethylium and Phosphethyl-tri- 
rnethylium (s. Phosphorus - bases, 

PP 614,615). 

Phosphides . . . . . — 

Phosphites (s. Phosphorus, Oxygen- 
acids of, p. 628). 

Phospho-bcnxamic acid ... — 

Phosphocerite — 

Phosphochalcite . . . . , — 

Phosphoglyceric acid (s. Glycero-phos- 
phoric acid, ii. 891). 

Phospho-hydroquininic acid (s. Hvdro- 
quinine, iii. 217). 

1 hospho-rnethylium and Phospho- 
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mctbyl-triethylium (s. Phosphorus- 
bases, pp. 609^ G16). 

Phosphomoly bdic ucid(a. M olybdenum, 
iii. 1037). 

Pliospborescence (s. Light, iii. 590, 632). 
Phosphoric acid and Fathers ( s Phos- 
phorus, Oxygen-acids of, pp.535, 588). 

Phosphorite 499 

Phoaphorochalcite . . . . — 

Pliospborosamidcs . ' . . . — 

Phosphorous acid and ethers (s. Phos- 
phorus, ‘Oxygen-acids of, pp. 527,531). 


Phosphorus — 

l*reparatioil . . . , . 600 

Properties 502 

Modifications .... 603 

lied or Ainorplious Phosphorus 504 
Reactions ..... 506 
Chemical Relations . . . 606 

Uses : Paste for poisoning vermin 687 
Lucifer Matches . . ... 608 

Phosphorus, llynlrate of . . . 622 

Phosphorus, Hydrides of (s. Hydrogen, 
Phosphides of, iii. 199). 

Phosphorus, Rromiiies of . . . 609 

Tribromide or Phosphorous Bro- 
mide — 

l*cntabromide or Phosphoric Bro- 
mide 510 

Phosphorus, Chlorides of . . , — 

Trichloride or Phosphorous Chlo- 
riile — 


Pciitachloridi; of Phosphorus or 
Phosphoric chloride . » .511, 

lodophospliorie chloride . .51*. 

Selenio-phosphoric chloride . — 

Aluinino-phosplioric chloride . — - 

Ferrico-phosphoric chlonde . 516 

Mercurico-phosphovic chloride • — 

Platinico-pliosplioric clilorido . — 

Staiinico-phosphoric chloride . — 

Phosphorus, Cliloroiiitride of . . — 

Phosphorus, Chlorosulphide of (s. 

Phosphorus, Suljihochloride of, p. 60G). 
Phosphorus, Cyanide of . . .617 

Phosphorus, Detection and Estimation 

of 618 

In Phos[)hates (s. p. 527). 

In Phosphites and Hypophos- 

phites 

In the Chlorides, Bromides, Iodides, 
and Cyanide of Phosphorus . — 

In the Nitrogen-compounds of 
Phosphorus . . . . — 

In Organic compounds ... — 

In the Gaseous com pounds of Phos- 
phorus and Hydrogen . . — - 

In Metallic Phosphides . • 619 

Testing for free IMiosphorus . . — 

Atomic Weight of Phosphorus • 621 

Phosphorus, Fluoride of . . . 522 

Phosphorus, Iodides of ; 

Di-iodide 

Tri-iodide . ■ • 

Penta-iodide ( ?) • . •• 528 

Phosphorus, Nitride of . . . ■— 

Phosphorus, Oxides and Oxygen -acid 

of . — 

Suboxide of Phosphorus . • — 

Hy'popt'osphorous acid and salts . 624 
“Quantitative Analysis of Hypo- 

phosphites . . . . — • 

Hypophosphites, metallic . • — 
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rhosphornSiOxidea & Oxygen >acids of : 
Phosphorous Oxide or Anh 3 'dride 
Phosphorous acid .... 
Phosphites, Metallic 
Phosphites, Alcoholic : Phospho- 
rous Ethers .... 
Amylphosphorous acid 
Monamylic Amyl phosphite . 
Diamylic Amylphosphite . 
Ethylphosphorous acid 

Barium-salts . . . . 

Copper, Lead, and Potassium- 

salts 

Ethy lobary tic Ethylphosphite 
Kthylopotassic Ethylphos- 

phites 

Dieth^’lic Ethj-lphosphite . 
Acctyl-pyrophosphorous acid . 
Triethylene- phosphorous acid . 
Phosphoric Oxide or Anhydride . 
Phosphoric Acids .... 
Metaphosphoric acid and salts . 
Pyrophosphoric acid and salts . 
Orthophosphoric acid and salts . 
Keactions of Orthophosphates 
Quan titati ve Analysis of Phos- 
phates : Estimation and 
Separation of Phosphoric 
acid : 

1. Estimation by Lead-ox- 
ide . . . . . 

2. By Precipitation as Am- 
monio-magnesian Phos- 
phate .... 

8. As Phosphate of Bismuth 
4. Estimation by Stannic 
Oxide .... 
6. Precipitation by Uranic 
salts .... 

6. Estimation by means of 
Ferric salts 

7. By Ceric salts 
Volumetric methods 
General methods of separating 

Phosphoric acid from Bases 
a. By Mercurous Nitrate . 

By Nitrate of Silver 
7. By Precipitation with 
Molybdate of Ammonium 
i. By fusion with Alkaline 
Carbonates 

By Tartaric or Citric acid 
<■. Bv Carbonate of Bariuih . 
Special methods of separation 
Separation of Phosphoric acid 
from other acids. 

Metallic Phosphates : 

Phosphates of Aluminium 
Phosphates of Ammonium 
Phosphates of Barium • 

Phosphates of Bismuth 
Phosphates of Cadmium . • 
Phosphates of Calcium • 
Phosphates of Ceriuin 
Phosphates orChroinium . 
Phosphates of Cobalt • 

Phosphates of Copper 
Phosphates of Didymium . 
Phosphates of Glucinum . 
Phosphates of Iron . 

Phosphates of Lanthanum 
Phosphates of Lead . 

Phoaphatea of Lithium 
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628 


631 

532 


633 


634 

635 

538 

539 
640 
642 


643 


644 


545 


646 


647 


648 

649 

660 

552 

553 
564 


658 

669 

660 

662 


66 ^ 

663 ' 


Phosphorus, Oxides & Oxygen -acids of 
Phosphates of Magnesium 
Phosphates of Manganese. 
Phosphates of Mercury 
Phosphates of Molvbaenum 
Phosphates of Nickel 
Phosphates of <!)smium 
Phosphates of Palladium 
Phosphates of Potassium 
Phosphates of Rhodium 
Phosphates of Sdv’cr. 
Phosphates ot Sodium 
Phosphates of Strontium 
Pliosphato-tantalic acid 
Phosphate of Tellurium 
Phosphate of Thallium 
Phosphate of Thorium 
Phosphates of Tin . 

Phosphate of Titanium 
Phosphates of Uranium 
Phosphates of Vanadium 
Phosphates of Yttrium 
Phosphates of Zinc . 
Phosphate of Zirconium . 
Alcoholic Phosphates or Phosphoric 
Ethers : 

Amyl -phosphoric ethers ; 

1. Amylphosphoric acid . 

2. Biamyl -phosphoric acid 

3. Triamylic Phosphate . 
Ethyl-phosphoric ethers ; 

Ethyl -phosphoric acid . . 

Ethy 1-sulpho phosphoric acid , 
Diethyl- phosphoric acid . 
Diethyl-sulphophosphoric acid . 
Diethyl-disulphophosphoricacid 
Biethy l-totrasulpbophosphoric 
acid .... 

Triethyl ic Phosphate 
Triethjdic Disulphophosphate , 
TriethvlicTetrasulphophosphate 
Tetrethylic Pyrophosphate . 
Methyl phosphoric ethers 
Bimethylphosphoric acid . 
Monoineth^dpbosphorlc acid 
Addendum: Metbyl-pdosphoroua 
acid .... 

Phenyl-phosphoric ethers : 
Monophenyl-phosphoric acid 
Diphenylphosphoric acid 
Triphenylic Phosphate 
Giycerophosphoric acid 
Acetyl -phosphoric acid, 
Acetyl-pyrophosphoric acid 
Phosphorus, Oxybromide of 
Phosphorus, Oxychloride of 
Phosphorus, Selenides of , 

Hemi- or Sub-selenide . 
Protoselenide .... 

Metallic Selenio-hypophosphites 
Triselenide . , , 

Seleniophosphitea . 
Pentaselenide 
Selenlophosphates • 
Phosphorus, Sulphides of . 

Hemi- or Sub-sulphide 
PirotOBulphide . . 

Sulpho-hypophosphitea 
Tritosulphide • • 

Sesquisulphide 
Trisulphide , • • 

Sulphbphosphites • 
Pentasulphide • • 
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Phosphorus, Sulphides of 
SulphophosphatGS 
Sii Iphoxy phosphates . 
Prsulphide .... 
Phospliorus, Sulphobromide of . 
Ptios[)horus, Sulpliochloride of 
Phosphorus, Telluricle of 
Phosphorus-bases, Organic: 

I. Monophospiiinks and 
Monopiiosi’iioniums ; 
a. Methyl- compounds. 
Triniethylphosphino 
' Tetramet hylphosphonium 
J'Jthyl- compounds, 
Triethylphosphine 

Chloride, liroiiiide, and Iodide 
of Triethylphosphine 
Oxide . . . . , 

Oxychloride 

Selenide .... 
Sulphide .... 
Carbosulphide . 

Sulphooyanate . 
Tetrethylpbiisphonium 
Methyl -tricthylphosphonium 
Kthyl-trimethylphosphoniuni 
y. Amyl-compounds. 
Triniethyl-aiiiylphosphoiiium 
Triethyl-aniylphosphoriium . 

6. Allyl-compounds. 
Triethyl-allyl phosphonium . 
Triethyl-allyl-sulphocarbo-phos- 
phonitride .... 

€. Phenyl-compound. 
Triethyl-phenyl-sulphocnrbo- 
phosphonitrlde . 

Benzyl-compound. 
Triethyl- henzylphosphoniuin 
jj. Monophosphoniums produced 
by the action o f Diatomic Al- 
coholic BromideSf Chlorides^ 
on Trimethyl- and TA- 
ethyl-phosphine : 

Broinethyl- triethylphosphonium 
Chlorethyl-triethyl* phosphonium 
Oxetliyl- triethyl-phosphoniuiu 
Vinyl-triethyl-phosphoniura 
lodomethyl-triethyl-phosphonium 
Chloromethyl - triethyl - phospho 
niirni . . . . . 

Broraethyl - trimethyl - phospho- 

nium 

Oxethyl-trimethyl-phosphonium 
ii. Diphosphoniums. 
Ethylene - hex ethyl - diphospho 

nium 

Paradiphosphonium-compounds 
Ethylene - triethyl - trimethyl -Ui 
phosphonium 

Ethylene - hex methyl - diphospho- 
niuin 

III. PHOSPHAMMONIUMa 
Ethylene • triethyl - phosphamrao 

niura 

Eth^lene-tetrethyl -phosphammo 
nmm . . . . . 

Kthylene-pentethyl-phosphammo- 

nium 

Ethylene - ttiethyl - methyl-phos< 

^ phammonium 

Ethylene-triethyl-trimetbylphos 
phuminonium . 
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605 

606 
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608 

609 


611 

612 
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614 

615 

616 


618 


619 

620 
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622 
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which Silver- 


salts 


624 


Phosphorus -bases, Organic ; 

IV. Phospiiarsoniums. 
Ethylene - hexethyl • phospbarso- 
nimn . . , 

V. Tkiphosphonium-compounds. 

F onny l-ennethy 1- triphosnhoni iim 
Photochemistry (see Light, Chemical 
Action of, iii. 678). 

Photogen 
Photography 

A. Processes in 
salts are used : 

1. Wet Collodion Process 

2. Dry Collodion Process 

3. Albumin Process on Glass 

B. Pro(?c8se8 without Silver- 
Photosantoniii 
Phthalamic acid 

Phenyl-phthalamic acid 
Phthalamine 
Pthalic acid . 

.Bromophthalic acid 
Chlorophthalic acid 
Dichlorophthalic acid 
Trichlorophthalic acid 
Nitrophthalic acid 
Diriitrophthulic acid 
Amidophthalic acid 
Azophthalic acid . 

Azoxyphthalic acid 
Phthalic Anhydride 
Phthalic Ethers . 

Phthalide . 

Phtlialidine . 

Ethyl-phthalidine 
Phtbaliinidc. 

Phenyl-phthalimide 
Nitrophthalimide . 

Phthalyl, Chloride of . 

Phthanitc 
Phycic acid . 

Phycite 

Phycocyan and Phycoeryth: 
Phycohajinatin 
Phylliii-glance 
Phyllite 
Phyllochlor . 

Phyllocyanin 

Phylloretin , . • 

Phylloxanthein . • 

Phylloxanthin . » 

Physalin . . . • 

Physalite .... 
Physetoleic acid . 

Physodin . . . 

Addendum'. Ceratophillin 
Physostigmine ... 
Phytochemistry ... 
Phytomelin .... 

Pianzite , . . . 

Picamar 

Pichuric acid (0. Laurie acid, in. 
Pichurim-olt . 

Pichurim-esmphor 
Pichurostearic acid (a. taurxc acid). 
Pickeringite 
Picoline 

Ethyl-picoline 

Ethylene-dipicolyl-diammonium 

Picolite 
Picrainmonium 
picramyl 
Picranalcime 
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632 

633 


634 


635 

636 


637 


639 

640 


641 
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642 


643 


644 


Ptcranisic acid ..... 
Picric acid (|k ^(00). 

Picrin . , . . > . . 

Picrocyamlc acid (s. Isopurpuric acid, 
iu. 433). 

Picroerythrin 
Picrofluite . 

Picroglycion . 

Picrolicbefiin 
Picrolite 

Picromerite ... 
Picropharmacolite (s. Phannacolite, 

387). 

Picrophyll . 

Picrpsmine ... 

Picrothomsonite . 

Picrotoxic acid 
Picrotoxin .... 
Bromopicrotoxin . 

Nitrppicrotoxin ^ 

Det^tioE of Picrotoxin 

Picryl — 

Pwtite (s. Sphene). 

Piadingtonite — 

Pigotite 645 

PiSUtO. . . . . . . ^ 

PiOjf&Hoacid . . . . 

' Aiuorphous Pimaric acid . . 

Piinarpne . • . . . . 646 

Pimelic acid . . . . . — 

Pimelic ethers • « . . — 

Pimelite . ,, . .4^, . . 647 

Pimento, Oil of . . . . . — 

Pimpm^il^i, Oil Of . . . . — 

Pioacollp — 

Pinaeoria — 

Beiizopinacone . • • 648 

Isobenzopinacone .... — 

Pinchbeck . . . . .. . 649 

Pine-oil . • , a . 

Pine -resins . . . . , . 

a. Kesihs of Turpentine . . — 

jB. Kesins of Ptnus Sylvestrit . — 

1. KinoVonracid . . . 650 

2 . 

Piney TalUm; ^ ^ % . 

Pingoite / . . . . — 

Pinic acid , , . . . , — 

PinicQiriFetin . . . . , . > . . — 

Pinic6rtaanic acid , , ’ .. , 

SslSSliA : s'l:: = 

Finite 652 

Pinitoid • . . , . - — - 

Pinolin .653 

Pinus . , . . . . . ; , **-■ 

Piotic and Piotous acids . . W?. 

Piper 


'M- 


Piperic acid . 

Hydropiperic acid . 

Piperidine . 

Salts of Piperidine 
Piperyl-sulphocarbail 
ylene-ammoninm 
Methyl-piperidlhe , 
£thyl«piperidl|i6 . 
Apiyl-piperidin^f . 

BenaopiperSd^^ : ^ 

, Oumyl-piperide . 

Piperidine-urea (s* Carbamides, i. 757^' 
Pipeline . ; , . . . - A 

l^lt^ofpipenne . ^ ; 1/’ 

Piperittt, Oleum Menthm . * i . 





Piper^lene-carbamide (s. Carbamide, i. 

Piperylene-sulpbocarbamic acid (s. Pi- 
peridine^p. 666). 

Pipestone . . . 

Pipette. . , . , 

Pirenaeite . . , , , 

Pirope (s. Pyrope). 

Pisanite . . . . 

Pisolite (s. Pea-stone, p. 360), 
Pissophane . . 

Pistacia .... 

Pistacite .... 

Piatombsite (s. Mesitin-spar, iii. 928). 

Pitch 

Pitch, Mineral (s. Bitumen, i 600). 
Pitchblende .' 

Pitchstone . . • 

Pitchy Iron-ore . • 

Pitkttr^ntite . . . 

Pitoyine . . , 

Pittacal 
Pitticite 

Pittinlte . . , 

Plagionite • • 

Planerite 

Plantago , , ... 

Plants, Chemistry of (s. PhytochemiS' 
try, p. 686). 

Plasma . . • 

Plasmin . . . 

Plaster 

Plaster of Paris . 

Plata Azul . 

Plata Verde . , 

Platammonium . . 

PLitarsenethylium (s. Arsenic-radicles, 
Organic, i. 400). 

Platina 

Platinic and Platinous Compounds (p* 
666). 

Platinum ; 

Sources and Extraction 
I^roperties , . , 

Spongy platinum 
Platinum-black 
Uses of Platinum • < 

Platinum, Alloys of . , 

Platinum, Anti motiide of . 

Platinum, Arsenide of . 

Platinum, Boride of . 

Platinum, Bromide of , 

Platinum, Carbide of • « 

Platinum, Chlorides of: 

PlatiBous Chloride , 

Chloroplatinites’ • 

Platinic Chloride . , 

Cliloroplatinates 

Platinuid, Cyanides of (s. Cyanides, iL 
260). 

Platinum, lletection and Estimation 

of; 

i. BlowpipA Reactions . • 

t Heisuiuons in Solution 
Estimation and Separation 
4. Atbinlu; tVeight of Platinum 
-^..^Platmum, Fulifide of . 

^ wlatin^iUi I(^ide8 of . 
IPlaMWNUride og . 

Piatttmla^ Oxides of 
V ^Piitinous Oxide . 

. ^ Platinic Oxld^ 

Platinates 
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665 
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Platinum, Oxyi^n-salta of . . .672 

Platinous Nitrites 
Plalinum, Phosphide of 
Platinum, Selenido of . 

Plalinum, Silicide of , 

Platinum, Silicolluoride of 
Platinum, Sulphides of 
Platinum, Sulphocyanates of (s. Sul- 
.phocyanaics). 

Platinum •^baseS|Ammoniacal : 

1. Diamraonio - platinous Com- 
pounds 

2. Tetrainmonio- platinous Com- 
pounds 

3. Diamnionio-plalinic Compounds 

4. Tetramrnonio - piatinic Com- 
pounds . ... %■ — 

6. Ootammonio - diplatinic ex- 
pounds . . . ^ * .sT 677 

Theories of the Constitution of 
the Ammoniacal Platinum - 


G73 


675 

676 


compounds 

I’latinurn-basos, Organic 
riatinum-black (p. 066). 

I’latinum-ore . . • • 

Alethods of analysing it; 

Claus’s Method . 

J>eville and Debray^s Method 
Commercial Ai-say. 

Analysis of Platinum-residues 
Analysis of Osmiridium . 
Platinum re.siduea (p. 683). 

Platinum-spongo 

Platosaminc 

Platosethylamine — Platosopyridine . 

Plattnerite 

Pleonast 

Pleuroclase (s. Phosphates, p. 669). 
Plinian (^s. Mispickel, iii. 1026) 

Plocaria «..••• 
Plonibgomme (s. Plumhoresinite). 
Plombierin (s. Baregin, i. 609). 

Plombierito 

Plum (s. Prunus). 

Plumhagin 

Plumbago (s. Carbon, i. 768). 
Plumbetliyls (s. Lead-radicles, Organic, 
iii. 661). 

Plumbic Ochre . • • 

Plumbocalcite . . . . * 

Plumhoresinite • . . . • 

Plumbostib (s. Boulangerite, !. 661). 
Plumosite fs. Heterornorphite, iii. 151). 
Pneumatic ^IVough (s. Gases, Collection 
of, ii. 806). 

Pnoumic acid • • . 

Polarisation, Electrical (a. Electricity, 
ii. 399, 429). 

I^ol&risAtioiif 1^£i£D6tic (s* 

^ iii. 767, 763). ‘ 

Polarisation of Light (s. Light, iii. 

652). 

Poley-oil 
Polianite , 
li^oliene . , , 

J'olishing Pon’der 
I’olishing Slate' i 
J*ollux , 

Jolyadelphite , 

Polyargite . v , 

Bolybasito , 

Bolychrest-salt . 

Polychroflite 
Voi*. IV. 
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**680 

681 

682 

683 

684 
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Pol 3 Throrte fs. SaiVanin). . ^ 
Polychrome (a. Aesculin, i. 60)> 
Polychromic or Polychromatic acid (s. 

Aloctic acid, i. 148). 

Polycra.se (s. Niobium, p. 67). 
Polvetliylenic Alcohols (s. Ethylene, 
llydrates of, ii. 576) 

Polygalic acid or Polygalin (s. Seiie- 

Poij'gamarin . . , . ■ . 

Polygonum fagopyrnra (s. Buckwheat, 
i.''685). 

Pol)'gly ceric Alcoliols (s. Glyceryl, 
llj’d rates of, ii. 894). 

P 0 I 3 halite ..... . . . • 

Polylactyl -compounds (s. Lactic Acid 
and Ethers, iii. 461 — 464). 

Polylite «... 
Polymerism .... 
Pol^'raignite .... 
Polymocpbism 

Polysilicic acids (s. Silicates). 
Poh'splierite. . 

Polyterebene.s 

Polytelite (s. Tetrahedrite). 

Polytliioiiic acids (s. Sulphur, Oxj'gen- 
' acids of). 

Pdlj^ene . . . • . 

PdlnpIiolj'X . • . . 

Pongauiia . * • > • . 

Poonalilite • • • • * 

Poi»lar-bud 8 . . . 

Poi)py ...... 

Poppy -oil 

Populin • . . . 

I’orcelain 

I’orcelain-clay (a. Clay, i. 1024). 
1 ‘orcelain, Iteauiuur’s (s. Glass, 
844). 

Porcelain-spar (ti Scapolite). 

Porpezito . . • . 

Porpliyric arid . . . 

OxyporphjTic acid 
Porphyrite . . • ,• 

Porpliyroxktt . . 

Porpliyry % . . • ' 

Porpoise-oil. . • • 

Porporino . • . • 

Porter (s. Beer, i. 629, 638), 

PocUte • ^ . • y- 

Portland Cement . • , . 

Portland Stone . 

l*ortugallo-oil . • • 

Potaniogetoa 

Potash . .... 

Potashes .... 
Potash-lime . .. . • 

Potass or Potassa . • 

Potassium; . • 

Potassium, A l^gjl^s o f . • 

Potassium, AjApes of . . 

Fotassium,,AAPuoiudc of (s. Antimony, 
i.3l7). !:#/>■', 

Potassium, of 

PotaSMium, BotTTO of? . 

Potassiam, Bromic® * 

l^otassHim, Carbide of?^ . 
l^otasslum, Garboxide of . 
Potassiiim, Chloride of. . ^ 

4 Hemichloride or Subchloride of 
Potassium. . . • • 

Pot|aaium, Cyanide of (s. Cyanides, li. 
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Potassium, Detection and Estimation 
of: I 

1. Reactions in the Pry way 

2. Reactions in Solution 

3. Estimation and Separation 

4. Atomic Weight 
Potassium, Fluoride of. 

Potassium, Hydrate of 

Preparation . . 

Properties. . 

Reactions , , 

Potassium, Hydride of? 

Potassium, Iodide of . 

Potassium, Nitride of . 

Potassium, Oxide of . 

Potassium, Phosphide of 
Potassium, Selenides of 
Potassium, Silicide of . 

Potassium, Sulphides of 
Liver of Sulphur . 

Potassium, Sulphocarbonate of (s. SuL 
phocarbonates). 

Potassium, Sulphocyanate of (s.Sulpho- ^ 
'cyahates).^, • 

Potassium, Sulphomolybdate of (s. 

' Molybdenum, Sulphides of, iii. 1044L 
Potassium, Sulphophosphate and ^ul- ^ 
phophosphite of (s. Phosphorus, Sul- >* - 

phides of, pp. 603, 604), #• 

Potassium, Sulphotungstate and Sul- 
phovanadate of (s. Tungsten and 
Vanadium, Sulphides oO. 

Potassium, Sulphydrate of . . . — 

Potassium, Telluride of ... — 

Potassium-ethyl andt^otassium-methyl 709 
Potassium-salts, ^anulhcture of . . — 

I . Manufacture'^^^toesium-carbo- 
nato from the fbhes of Timber 

and of Land-plants in general . — 

1. Potash from the ash of Forest- 

timber 713 

2. Potash as a bye-product from 
the manufacture of Beet-root 

and Cane-sugar . . .712 

3. Sulphate and Carbonate of 

Potassium as byo-prodnets in 
the manufacture of Tartaric 
^id . . . . . 713 

II . From the 'Ashes of Marine 

Plants . ' . . . . 714 

III. From Sea- water, Brine-springs, 
and Saline Deposits : 

1. From Slea-water , , 716 

2. From Brine-springs , • 717 

3. Preparation of Potassium - . 

chloride from the Salt-beds of , 
Stassfurt . .. 

XV. From Felspar and otaer SiU- 

cates . . .. .. . . 719. 1 

V. Potash from Wool f". . . 720 

.Potato .... 

Potato-fat 

Potato fusel-oil (s. Fusel-eihJL 70^)v 

Potsione — 

Potter’s Clay (s. Clay, i. 102’4). 

Pottery. . . ... .723 

Pounxa ; . . . • . — 

Pourpiite ... • ~ 

Powder (a. Gunpowder). " » 

Powder of Algaroth 

Pozzuolana . . . . * . " . 724 

Prase . . . . . . . , i— 

Praseo-cobalt . • . . . — 


Praseolite , 
Prasin . 
Prasochrome 




724 


Precipitaifl^ White 
Precipitate, Red 
Predazzite 
Pregrattite 
Prehnite 
Prehnitoid 
Primula 
Primulin 
Prince’s Metal 

Printing, Chemical . * . 

Lithography .... 
Chromolithography . 

. Oncography. . 

Propa^d^ne . . ^ . 

PropargWie Ether . ’ . 

Prophb||a*i^m . ..s .< . 

Propioftamide . . 

Dichlbropropionatnide . 

Propione , ..... 
Propionic acid .... 
Propionates .... 
Broraopropiouic acid 
, Ohlopopropionic acid 
Tfidoptopioitic acid . ". 

Nitropropionic acid 
Propionic Aldehyde 
' Tribromopropionic Aldehyde 
Pentachloropropionic Aldehyde 
Propionic Ethers .... 
Projiionitrilo. 

Dichloropropionitrile . 

Propyl or Tri^l .... 
Propylamine (s, Tritylamine). 
Propylene (s. Tritylene). 

Propylic Alcohol, Ether, &c. (s. Tritylic 
Alcohol, Ether, &c.), 

Prosopite 

Protagon 

Protein. . . 

Protheito (a. Vesuvian). 

Protic acid . . . . . . 

Protobastite . . . , 

Protocatechuic fcid 4. * 

Proto-compoundsi ' . \ 

Protogine . Vr . . . . 

Proustite . . . . . • 

Provence Oil , . . . , 

Prunelle Salt . , . . > 

Prunnerite . . ' v # 

Prunus . . • J ^ . 

Prussian Blue . . 

f Prussic acid (s. Cyanide of Hydrogen, 

- 

Prusuit.. . ' • • • • 

PrisiDramite vtv i . • • 

Psatyrin <8, Hartin, iii. 14). 
Fseudd-acfiiio acid (s. Butyraoetio acid, 

msB), 

Pseudo-albfie (s. Andesin, i. 291). 
Psendo-alkamin (s. Anchusin, i. 290). 
Pseudo-apatite . . • . . 

p8eado4)utylio alcohol (ariTetrylle al- 
cohols).^ - ■ ^ 

Pseudo-chrysolite. • • 

Fsetido<^^rain ^ . j . •; 

Pseudo^nrarlne . • . • 

Pseudo-diallyl-aieohol (s. Piallylreom** 
pounds, in Appendli). 
Pseudo-erythrin , . : P • • 
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^^endo-h^icyl-i^imbbl 1 (s. ' Secondary 
p8e^do-he3rTl-»eol»J Alcohols). 
Pi^ddo-leucino teucine, iii. 582). 
Pseudo-libe^enito (s. Phosphaieak p. 

661). / 

Psbndo-malacbito (p. 661). 

Psendoniorph 744 

jp8eudomorphine(8. Morphine, iii. 1061 ). 
Pseudo-orcm (s. Erythromannite ii. • 

! 504). 

Pseudopronylic Alcohol (s." Tritylic 
■ Alcoholsy 

Ipaeudophite . . .... . — 

iPacudo-purpnrin (s. Purpiirin). , 
Pseudo-quartzite . . . , , — 

Pseudo-quinine . — 

Pscudo-stearbptenea . 

Pseudo-steatite , 

Pseudosulphocyanogen (s. Pi 
cyanogen, p 
Pseudotalcite 

Pseudotoxine . ... . , . — 

Pseudotriplite , 'if . 

j Pseudo veratrine ..... 745 
Pscudo-urjc acid 
iPsilomelane . 

Psoralea . . . , . , — 

Pteleic acid . . . ^ ^ — 

Pteleyl (s Mesityl, iii. 929). 

Pteri tannic acid — 

Ptyalin 746 

Ptychotis — 

Puccine — 

Puddling (s. Iron, iii. 847). 

Pumice (s. Obsidian, p. 169). 

Pulsatilla — 

Punahlite (a. Poonahlito, p. 688 ). 

Puuica . 

Punicin 

Purple, 4^niline 

Purple of Cassius — 

Purple Copper (s. Copper, Sulphides of, 
ii. 78). 

Purple Cruorin ..... — 

•Purpuramide (s. Parpurein). 

Purpurates , . ^ 

Purpurate of Ammonium, or Mu- 
rexide ' . ^ V . ' . . 747 

Purparate of Potlss^, Bodium, 

&c, • V , , , , , 748 

IsopurpurateA . . — 

Metapurpurates ? . ? . . — 

PurpureYn . v . * v • . — 

Purpureocobali (s. Cobalt^haaea, A|n-‘ 

; moniacal, i, 1052). 

;Purpuric acid (s. Purpurates). ' 
iPurpurin . . , . *1. 749 

iPurpurino (s. Porporino, p. 69l Jt 
jPurrce , . , ' . - , — 

'Purreic acid (s. Euxanthic acid, ifi. 

I 609). ^ - 

iPurennone (s. Euxanthone, ii. 890) 

IPm . . . . . . . 751 

. . . . . . 762 

IPutmigira . . . . . . . _ 

l^atrefaction (a. Fermentation, ii. 6!?8). 
'Pycnit. , . . . . . _ 

iPycnottieter . , , . . .763 

; Pymotrope (i. Serpentine). 

‘Pyin S 


753 


754 
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Pyraconltic acid (s. Itaconic acid, iii. 

435). • 

Pyrallolite . 

Pyrantiinonite 
Pyrargillite . 

Pyrargyrite . 

Pyrelain . • 

Pyrenaite . 

Pyrene . 

Pyrcthrin , 

Pyrgom 
Pyridine 

Platinopyridine and Platosopyri- 
dine .* 

Ethyirpyridine 
Pyritbs i . . 

Pyro-Acetic Spirit (a. Acetone, i. 26), 
Pyroalizaric acid (s. Phthalic Anhydride, 
p. 631). 

Pyrobenzoline (s. Lophinc, iii. 733). 
Pyrocampbretic acid .... — 

Pyrocatecliin (s. Oxyphenic aci(i,p. 315 

Pyrochlore 767 

Pyrocitric acids . . . . . — 

Pyrochroite 

Pyroclasite — 

Pytocomcnic acid (s. Pyromeconic acid, 
p. 760). 

Pyroconine — 

Pyrodextriii ...... — 

Pyrodmalito (s. Pyrosmalite, p. 771). 
Pyrogallein .... 

Pyrogallic acid .... 

Pyrogen 


Pyrogluclc acid fs. Pyrodextrin ). 
Pyroglycerin (s, Dlglycenn, ii. 895 ). 
Pyroglycido (Metaflycerin, ii, 896). 
Pyrognomic Minerals . 

Pyroguaiacic acid (Guaiacol, ii. 946), 
Pyroguaiacin (s, Guacaium, ii. 948). 
l*yrola ..... 

Pyroleic acid , , 

Pyroligneous acid 
Pyroliiie (s. Pyrrol). 

Pyrolitbofellic acid . . 

Pyrolivilic acid , 

Pyrolusite .... 

Pyroiualio acid (s. Maleic add, iii. 784). 
Pyroraaric acid . • . 

Pyromeconic acid 

Bromopyroracconic acid 
lodopyroinecoiiic acid ' . 

Pyromeline .... 
Pyromellitic acid . . . 

Pyronieride o • • • 

Pyrometer .... 
^i^bmorintemiic acid (s. Oxyphenic 
acid, p. 816). 

Pyromorphite ,. . • 

Pyromucamide (p. 764). 

P^omucic aciid ^ , • • 

. Appendix to Pyromucic acid : 

Mucobromic acid . • 

A Mucochloric acid . 

Muconic acid . . • 

Pyromucic acid, Amides of : 

1. Pyromucamide. 

2. Carbopyrrolic acid . 

3. Dipyromucamide, or Carbopyrrol- 

omide.^ . • 

Pyromucic Alcohol 
Pyromucic Chloride . 
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Pyromucio Ethers : 

EtUylio Pyromucate 
Ohloropyromucic ether 
Pyrope .... 

Pyropoctic acid . 

Pyrophoros . 

P^Tophosphamic acids : 

1. Pyrophosphamic acid 

2. Pyrophosphodiamic acid . 

8. Pyrophosphotriamic acid . 

Pyrophosphoric acid (s. Phosphorus, 
Oxygen-acids of, p. 639). 
Pyrophyllito .... 
Pyrophysalite (s. Physalito, p. 034), 

Pyropin 

I*yropis8ite 

l*yroquiiiol (s. Hydroquinone, iii. 213). 
Pyroraceniic acid , . . . . 

Pyroracemates 
^•pyroracemic acid 
P\Toretin . . . . 

Pyrorthite (s. OrtUite, p. 287). 
Pyrosclerke . . . ' . 

Kemmereritc 
fihodochrome 
Pyrosmalito . . . . . 

P^Toaorbic acid (a. Maleic acid, iii 
784). 

Pyrostearin 

Pyrostibite (s. Kormeaite, iii. 446). 
Pyrotartaric acid .... 
Pyrotartrates 

Dibromopyrotartaric acids . 
Pyrotartaric Anhydride ; • 

Pyrotartaric Ethers • • • 

Pyrotartranil • • • • 
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Pyrotartranil ic add C 

Pyrotartrimide . • 

Pyrotartronitranil . • 

Pyrotartronitranilic acid • 

Pyrotechny .... * 

Pyroterebic acid . . . . 

Pyro-uric acid (s. Cyanuric acid, ii. 
288). 

Pyroxam (s. Xyloldin). 

Pyroxanthin 
P^'oxanthogon 
Pyroxene 
Pyroxenite 
Pyroxylin " 

Gun-cotton 
Preparation 
Properties . 

^Decompositions 
Application to Gunnery 
, . Application to other Military 
V purposes. 

nation to Blasting •• 

' Pyrosmfh for the prepfiration of 
.. Collodion. . 

P3Trhite . . r . . 

Pyrrl\ol (a. Pyrrol). , 

Pj-rrhopine . . • • • , 

Pyrrhoretin . . . . - 

Pyrrhoai derite (s. Gothite, ii. 940). , 
Pyrrhotin ..... 
Pj^rrol . . • • . • 

Pyrrol-red . . . . . 

Pyruvic add (s. Pvroracemic acid, p. 
769). 
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